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Introduction: Studies have described varying prevalences of frailty as determined by

Fried’s frailty phenotype. Comparability may be limited due to frailty phenotype modifica-

tions, especially the low physical activity criterion.

Purpose: This study aimed to determine the variability of frailty phenotype prevalence

according to the physical activity assessment method.

Patients and Methods: In a cross-sectional analysis, frailty phenotype prevalence was

assessed in community-dwelling older adults. The low physical activity criterion of the

frailty phenotype was determined by using five different questionnaires and an acceler-

ometer, and three different cut-point models.

Results: In 47 participants, frailty phenotype prevalence varied between 14.9% and 31.9%,

depending on the model used to assess physical activity.

Conclusion: The method of physical activity assessment and the choice of cut-points for

low physical activity considerably impact frailty phenotype prevalence. More efforts to

standardize and adhere to the low physical activity criterion seem warranted. The calculation

of correction factors between commonly used sets of low physical activity criteria might

allow better comparisons of published prevalence rates.
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Introduction
Frailty has become an important geriatric concept. It describes an older adult’s

increased risk for negative health outcomes such as falls, physical disability,

hospitalization and mortality.1

Frailty prevalence in community-dwelling older adults varies between 4% and

59%.2 This high variability may reflect true differences in various populations, but

it may also be due to the method of diagnosis of frailty.3 A broad range of frailty

instruments for screening and diagnosis exists, including self-reported question-

naires and/or performance tests with implications for prevalence values, classifica-

tion and predictive abilities.4,5 Researchers and clinicians are challenged to decide

which instrument to use.5

Two frailty instruments are especially common: The Frailty Index (FI), which counts

accumulated health deficits and covers a broad set of frailty domains as a continuum,6

and the frailty phenotype (FP), which classifies people into three categories (fit, pre-frail,

and frail) based on five criteria (unintended weight loss, self-reported exhaustion, low

physical activity (LPA), slow walking speed, and weak grip strength).7
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In a review including studies that have investigated

frailty prevalence based on Fried’s model, prevalence var-

ied between 4.9% and 27.3%, a variation of 22.4 percen-

tage points.8 According to FP data reported by Collard

et al,2 prevalence values of the included studies varied by

13.0 percentage points (4.0% to 17.0%). This variation in

frailty prevalence might be explained by true variation,

country-specific differences, as well as modifications of

the FP described in the literature.2,3

The FP has often been established based on different

measurement methods, complicating comparative analysis.9

According to a systematic review, unintended weight loss

and LPA were the criteria that had been altered the most

frequently.3 Originally, in order to define a LPA level, Fried

and colleagues7 included items of the Minnesota Leisure

Time Physical Activity Questionnaire (MLTPAQ)10 and cut-

point values were derived from the lowest 20th percentile of

the Cardiovascular Health Study (CHS) population.7 The

appropriateness of the MLTPAQ for the general geriatric

population has been questioned, as it focuses on

moderate to vigorous physical activities (MVPA) not related

to older adults and shows floor effects.11,12 Later, various

methods, including different questionnaires, single questions

or objective measures such as an activity monitor (acceler-

ometer) have been used to assess the LPA criterion.3

In published studies using the FP, most cut-point values

were either based on the ones proposed by Fried et al7

(population-independent) or derived in relation to the

variability within the study sample, eg by using the lowest

quintile of the respective study population.3 Even though it

seems reasonable to assume that the diversity of existing

physical activity (PA) measurements and cut-point values

may influence frailty prevalence, the magnitude of its

potential influence has never been quantified.

Thus, the aim of this study was to analyze the variance in

prevalence of physical frailty in community-dwelling older

adults according to the Fried model by using different meth-

ods and models for measuring PA for the LPA criterion. We

assumed that modifications of the LPA criterion would shift

the prevalence of physical frailty by more than half of the

17.7 percentage points, the mean of the two mean values

reported in the mentioned reviews.2,8

Materials and Methods
Study Design
The current analysis is an extension of two different stu-

dies conducted between October 2015 and February 2018,

in which additional data on PA had been collected. One

study (study A) had established the prevalence of frailty in

a sample of older people attending outpatient physiother-

apy services,13 and the second study (study B), a pilot

randomized controlled trial, had assessed the effect of

a physiotherapy-led home-based intervention in older

adults with frailty.14 The present study was approved as

an amendment to the two original ethical approvals by the

Ethical Review Board of the German Confederation for

Physiotherapy. This study was conducted in accordance

with the Declaration of Helsinki in its most recent version

(64th WMA General Assembly, Fortaleza, Brazil,

October 2013). All participants provided written informed

consent for study participation. Reporting follows the

Strengthening the Reporting of Observational Studies in

Epidemiology statement.15

Recruitment Strategy
Participants were recruited in the context of the twomentioned

studies (Figure 1).13,14 Recruitment procedures of those two

studies have been reported in detail elsewhere.13,14 Shortly, in

study A (the prevalence study), participants were recruited in

outpatient physiotherapy clinics in Bochum, Germany.

Assessments in study A at these outpatient physiotherapy

clinics included different measurement instruments of frailty,

after which participants were instantly invited to take part in

the present study. In study B (the RCT), older adults were

recruited in social facilities such as senior citizens’ offices, by

newspaper advertisements, as well as using care services and

the university network. Respondents were screened for pre-

defined inclusion and exclusion criteria of study B. If they did

not fulfill those criteria, and/or if they lacked the time or

willingness to participate in study B, they were later invited

by telephone to participate in the present study.

Setting
Data collection was conducted in the city of Bochum in

the Western part of Germany. Measurements of the parti-

cipants recruited from the prevalence study (study A) were

either performed in the outpatient physiotherapy clinics, or

at home. Measurements of the respondents not participat-

ing in the RCT (study B) were performed at their homes.

Participants
To be eligible, older adults had to be community-dwelling

and at least 65 years old. Exclusion criteria were: 1) the

inability to both understand the study information and give

informed consent (eg due to severe cognitive or visual
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impairment); 2) acute conditions which might affect physi-

cal activity behavior (eg acute illness, infection, injury); 3)

the inability to walk at least 10 m (with a walking aid, if

required); 4) insufficient German language skills; and 5) lack

of time to participate in the study. Chronic morbidities were

not an exclusion criterion, since they are a typical feature of

frailty, and the measurement of physical activity is not

associated with any risks for health.

Procedures
At the first appointment, an accelerometer (ActiGraph

wGT3x-BT) was given and explained to each participant

as described below. At a second appointment, approxi-

mately one week later, the accelerometer was collected,

frailty assessments were conducted, and PA questionnaires

were collected in random order in the form of an interview.

Variables
Physical frailty was measured by using several versions of

the FP.7 Overall frailty was measured using a FI.6

Data Measurement

Frailty

A translated German version16 of the FP with the following

five criteria was used to assess participants for physical

frailty: 1) unintentional weight loss (≥4.5 kg in the

last year); 2) exhaustion (two self-reported questions about

the past week from the Centre for Epidemiological Studies-

Depression scale); 3) slow gait speed (walking time over

a distance of 4.57 m [15 ft]); 4) weakness (grip strength of

the dominant hand using a JAMAR dynamometer (Patterson

Medical, Model 5030J1) following measurement procedures

recommended by Roberts et al17); and 5) low physical activ-

ity (using different assessments and cut-points; see section

“PA assessments” and Table 1). More than three positive

criteria characterize a person as frail, one or two positive

items as pre-frail and none as non-frail or fit.7 Fried’s original

phenotype version was defined as the primary phenotype in

this study. Additionally, eighteen modified versions were

created by including different PA assessments as well as

using different cut-point models (Table 1).

Study A

258 older adults included in frailty 

prevalence study

(2015 to 2017)

Study B

168 older adults assessed but not included 

in pilot randomized controlled trial

(2017 to 2018)

229 persons excluded

(reasons for exclusion not 

systematically documented)

145 persons excluded

(reasons for exclusion not 

systematically documented)

52 participants included

(29 from study A and

23 from study B)

47 participants analyzed

5 participants excluded

missing accelerometer data 

due to technical error (4)

not meeting accelerometer 

wear time criteria (1)

Figure 1 Flow-chart of recruitment process.
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Table 1 Detailed Description of the Models Used to Determine Low Physical Activity

Instruments and Outcomes Definition of Low Physical Activity

Physical activity
instrument

Outcome
(unit)

Cut-point
modela

Cut-point Study population or other description References

MLTPAQ 18-item

version

METmin/week≈
kcal/week

A (primary

phenotype)

♀: <270 kcal/week

♂: <383 kcal/week

Cardiovascular Health Study Fried et al7

h/week C ♀/♂: <150 min/week in

MVPA

Global recommendation for older adults (≥65
years)

World Health

Organization18

MLTPAQ 6-item

version

kcal/week B ♀: 105 kcal/week

♂: 148 kcal/week

Women’s Health and Aging Studies Eckel et al19

C See above – –

GPAQ 50+ (METh/week)

kcal/week

(weighted)

A See above – –

h/week C See above – –

IPAQ kcal/week

(weighted)

A See above – –

METmin/week B ♀/♂: 600 METmin/

week

Questionnaire-specific IPAQ

Research

Committee20

PA category:

low, moderate,

high activity

C See above Part of the study: Nutritional status, risk

behaviors and health conditions of the elderly

people of Lafaiete Coutinho, Bahia

Reis Júnior

et al21

PASE PASE score (0 to

~400 points)

B1 ♀: ≤27.5 points

♂: ≤30.0 points

Hispanic Established Populations for the

Epidemiologic Studies of the Elderly

Al Snih et al;22

Graham et al23

B2 ♀/♂: <89.6 points Osteoporotic Fractures in Men Study Cawthon

et al;24

Wu et al25

7D-PAR PAEE: kcal/week

(weighted)

A See above – –

h/week C See above – –

Physical Activity

Monitor (Actigraph

Accelerometer)

kcal/week A See above – –

kcal/kg/day B ♀: ≤7.1 kcal/kg/day

♂: ≤6.2 kcal/kg/day

Sasaguri Genkimon Study Chen et al26

MVPA (≥1952
cpm) (Freedson

et al)27

C1 See above – –

MVPA

(≥1041cpm)

(Copeland and

Esliger)28

C2 See above – –

Step counts B ♀/♂: ≤5000 steps/day Healthy Aging and Intellectual Disability Study Bastiaanse

et al29

Step counts C ♀/♂: <7000 steps/day – Tudor-Locke

et al30

Notes: Grey shading highlights phenotype models that have already been used in the literature. This refers to the specific combination of an assessment method (eg

questionnaire) and cut-points used in the studies. The other phenotype models were newly created. aCut-point models: A: Fried’s values. B: Specific values. C: MVPA

recommendations.

Abbreviations: 7D-PAR, Seven Day Physical Activity Recall; cpm, counts per minute; GPAQ 50+, German Physical Activity Questionnaire 50+; IPAQ, International Physical

Activity Questionnaire; MLTPAQ, Minnesota Leisure Time Physical Activity Questionnaire; MVPA, moderate to vigorous physical activity; PAEE, physical activity energy

expenditure; PASE, Physical Activity Scale for the Elderly.
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The FI was derived from a deficit accumulation assess-

ment based on the procedure proposed by Searle et al.31

The slightly modified FI used in this study consisted of 41

items, including 39 questions covering physical, psycho-

logical, social and cognitive domains, comorbidities, and

two physical performance measurements (grip strength

and gait speed, as described above).13 Cut-points for pre-

frailty and frailty were 0.08 and 0.25, respectively.32

PA Assessments

The instruments to assess PA (accelerometer, question-

naires) and the cut-point value models were selected

based on the modifications of the LPA criterion listed in

a systematic review by Theou et al,3 and further based on

the results of a non-systematic literature search. To be

included, questionnaires had to be accessible in German

language.

In the primary phenotype, PAwas assessed by the 18-item

short version of the MLTPAQ.7,10 Alternatively, the German

Physical Activity Questionnaire 50+ (GPAQ 50+),33 the long

German version of the International Physical Activity

Questionnaire (IPAQ),34 the Stanford Seven Day Physical

Activity Recall (7D-PAR),35 recommended for frail people,3

and a German version36 of the Physical Activity Scale for the

Elderly (PASE)37 were used (Table 1).

Physical activity energy expenditure (PAEE) was cal-

culated from total energy expenditure (TEE) following

Calabro et al (PAEE = TEE ∗ 0.9 – RMR).38 To estimate

resting metabolic rate (RMR), the equations of Mifflin

et al were used.39

For the direct measurement of PA, participants were

instructed to wear an accelerometer (ActiGraph wGT3X-

BT) on the right hip for seven consecutive days during

waking hours. Published recommendations for acceler-

ometer data collection (100Hz, 10-second epochs), data

processing (ActiLife Software 6, ActiGraph, LLC) and

reporting were followed.40 Non-wearing periods, defined

as 90 min of continuous zero counts times, were removed

before analysis.41 Four to seven days with each at least

6 hours of wear time were included. Energy expenditure

was calculated by the Freedson Combination Algorithm for

uniaxial counts per minute (cpm).27 Two different cut-

points were used to determine the amount of MVPA,

a general model by Freedson et al (MVPA ≥1952 cpm)27

and a specific model for older adults by Copeland and

Esliger (MVPA ≥1041 cpm).28 Any activity above the

thresholds was counted as MVPA irrespective of the bout

length. Sedentary time was defined by a signal <100 cpm.42

Cut-Point Models for LPA

To categorize persons fulfilling the LPA criterion, three cut-

points were considered: A) using the cut-points described by

Fried, <270 kcal/week for women and <383 kcal/week for

men;7 B) using specific values of the respective study/ques-

tionnaire; and C) not reaching published health recommenda-

tions for MVPA proposed by the World Health Organization

(WHO).18 If not specified otherwise in the respective ques-

tionnaire, MVPAwas assumed for all activity items equal or

greater than 3 METs.43

Bias
Relevant sources of bias were the recruitment and selec-

tion process, and the choice of questionnaires. We tried to

address this latter issue by selecting well-established meth-

ods which are appropriate for community-dwelling older

adults living in Germany.

Sample Size
We tried to include as many participants as possible but

aimed at a minimum sample size of 30 participants, as stated

in our application approved by the ethical review board. This

minimum sample size is based on the “adequate” sample size

for criterion validity (“30–50 patients in the smallest group”)

proposed by the COSMIN group.44 The number of partici-

pants was limited to the number of persons interested in

participating in the two mother studies A and B.

Quantitative Variables
PA data was exported and further processed with Excel 2013

(Microsoft Corporation, Redmond, USA) to calculate energy

expenditure (kcal/week), time at MVPA (min/week), daily

steps (steps/day) and sedentary time (hours/day).

For each of the 19 phenotypes, relative and absolute

prevalence of frailty, pre-frailty, and non-frailty are presented.

To grade the magnitude and impact of the resulting varia-

tion of prevalence values, the results of two reviewswere taken

into account.2,8 A deviation of 17.7 percentage points, which is

the mean of the variation in prevalences reported in the two

reviews, would be regarded as denoting a very high relevance,

more than half of it (>8.85 percentage points) a considerable

relevance, and 8.85 or less a small to moderate relevance.

Statistical Methods
FP and FI prevalence and 95% confidence interval were

calculated.45 Prevalences based on modified FP versions

were descriptively compared to each other, and to the FI
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based prevalence. Interval-based variables were tested for

normality (Shapiro–Wilk test). For the primary phenotype,

baseline characteristics as well as PA data of the frail, pre-

frail and non-frail groups were compared using ANOVA

for normally distributed and Kruskal–Wallis-Test for not

normally distributed interval-based data and chi-square

tests for proportions.

If data was missing for the primary outcome (FP) or

the main outcome of PA measures, participants were

excluded from further analysis.

Analyses were performed using SPSS for Windows

(Version 20; SPSS Statistics, Armonk, NY, IBM Corp.) and

MATLAB (R2017b, The MathWorks, Inc., Massachusetts,

USA). The level of statistical significance was set to P<0.05.

Results
Participants
Of 426 persons potentially eligible, 52 participated in the study

(Figure 1). Reasons for non-participation were not system-

atically evaluated. Five participants had to be excluded post

hoc because of incomplete accelerometer data. These partici-

pants (4 women, 1 man) were of comparable age (70.4 years)

and were all non-frail except one person who was pre-frail.

As presented in Table 2, the 47 older adults finally

included in the analysis (31 women (66%), 74±6 years

old) were able to walk independently without (77%) or

with a walking aid (23%). Participants with physical

frailty were significantly more sedentary, walked less

steps, expended less energy, and accumulated less MVPA

(see Table 3).

Frailty Phenotype Prevalence According

to the Assessment and Definition of the

LPA Criterion
Depending on the assessment and definition of LPA, frailty

prevalence varied between 14.9% (n=7, 95% CI: 7.4% to

27.7%) and 31.9% (n=15, 95% CI: 20.4% to 46.2%)

(Figure 2). As seen in Table 4, between 27.7% (n=13,

95% CI: 16.9% to 41.8%) and 66.0% (n=31, 95% CI:

51.7% to 77.8%) of participants were classified as pre-

frail. Overall, using different LPA criteria resulted in

a variation of 17.0 percentage points. Using only published

phenotype models, the variation was still 12.8 percentage

points, which corresponds to more than half of the pre-

defined value of 17.7 percentage points.

Table 2 Characteristics for the Total Study Sample and for Subgroups of the Primary Phenotype

Variable Total Sample (n=47) Non-Frail (n=23) Pre-Frail

(n=15)

Frail (n=9) Statistics

Sex, female 66% 61% 80% 56% χ2(2)=2.02, P=0.365a

Age [in years]; M ± SD 74 ± 6 71 ± 5 76 ± 5 75 ± 6 χ2(2)=7.68, P=0.022b

BMI [kg/m2]; M ± SD 28.6 ± 4.9 27.2 ± 3.6 29.6 ± 5.8 30.5 ± 5.6 F(2, 44)=2.03, P=0.144c

Walking aid χ2(6)=24.37, P<0.001a

No walking aid 77% 100% 67% 33%

Rollator 17% 0% 20% 56%

Walking stick 4% 0% 13% 0%

Crutches 2% 0% 0% 11%

Living situation χ2(2)=2.67, P=0.264a

On their own 51% 39% 60% 67%

With partner/others 49% 61% 40% 33%

Education entrance qualification (n=1 missing) (n=1 missing) χ2(2)=2.55,P=0.863a

Lower 59% 50% 67% 67%

Middle 15% 18% 13% 11%

Higher 26% 32% 20% 22%

Habitual gait speed [m/s]; M ± SD 0.86 ± 0.26

(n=2 missing)

1.06 ± 0.19 0.73 ± 0.12 0.55 ± 0.15 χ2(2)=30.96, P<0.001b

Frailty Index; M ± SD 0.195 ± 0.109 0.112 ± 0.044 0.237 ± 0.059 0.335 ± 0.110 F(2, 44)=42.67, P<0.001c

Grip strength [kg]; M ± SD 27 ± 11 32 ± 10 26 ± 11 18 ± 7 F(2, 44)=6.61, P=0.003c

Number of prescribed medications per day; M ± SD 4 ± 3

(n=1 missing)

2 ± 1

(n=1 missing)

6 ± 4 4 ± 2 F(2, 43)=13.58, P<0.001c

Notes: aChi-square tests for proportions, bKruskal–Wallis test for not normally distributed interval-based data, cANOVA for normally distributed interval-based data.
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The highest frailty prevalence occurred when the LPA

criterion was based on accelerometer measurements combined

with the MVPA recommendations for steps. Using the GPAQ

50+ with Fried cut-points,7 the 7D-PAR with Fried cut-points

or an accelerometer with the Copeland and Esliger28 algorithm

to define MVPA resulted in the lowest prevalence, with every

single participant being sufficiently physically active.

Besides LPA, the most frequent positive criterion of the

FP was slow gait speed (n=16, 34%), followed by exhaus-

tion (n=15, 32%) and weakness (n=13, 28%). Unintended

weight loss was rarely observed (n=3, 6%). As stated in

Table 5, approximately 50% of the participants showed no

sign of physical frailty.

Discussion
The aim of this study was to analyze the influence of the

assessment and definition of LPA on the prevalence of the

FP in community-dwelling older adults.

Modifying the LPA criterion of the FP in the same

sample resulted in a variation of FP prevalence ranging

from 14.9% to 31.9%. For those phenotype versions with

exactly the same LPA criterions used in previous publica-

tions, such as the PASE phenotype versions,22–24 the pre-

valence still varied by 12.8 percentage points. This

variation corresponds to more than half of the 17.7 percen-

tage points reported in recently published reviews.2,8

According to these results, the choice of PA assessment

and cut-point for low activity does indeed have

a considerable impact on the occurrence of physical frailty.

Thus, differences in published prevalence values may only

partly reflect true differences within or between popula-

tions. This should be carefully considered when comparing

prevalence data, drawing conclusions from published stu-

dies, and planning future studies.

Our results support the findings of Theou et al,3 who

have concluded that in general, modifications of the FP

Table 3 Physical Activity Data for the Total Study Sample and for Subgroups of the Primary Phenotype

Variable Total Sample

(n=47)

Non-Frail

(n=23)

Pre-Frail (n=15) Frail (n=9) Statistics

Accelerometer wear time [h/day] 13.9 ± 2.0 14.0 ± 1.8 14.0 ± 1.5 13.1 ± 3.0 χ2(2)=0.55, P=0.759a

Physical activity instrument

MLTPAQ [kcal/week ≈ METmin/week] 2688 ± 1640 3106 ± 1202 2459 ± 1917 2000 ± 1979 F(2, 44)=1.74, P=0.188b

MLTPAQ 6-item [kcal/week] 2353 ± 1547 2583 ± 1357 2230± 1576 1970 ± 2002 F(2, 44)=0.57, P=0.572b

IPAQ [METmin/week] 2281 ± 1930 3029 ± 1614 2110 ± 2299 653 ± 606 F(2, 44)=6.09, P=0.005b

7D-PAR: TEE [kcal/kg/day] 36.3 ± 3.2 37.7 ± 3.1 36.0 ± 2.8 33.0 ± 1.9 F(2, 44)=9.30, P<0.001b

7D-PAR: weighted PAEE [kcal/week] 8664 ± 2216 8808 ± 2265 9005 ± 2103 7727 ± 2266 χ2(2)=3.12, P=0.211a

PASE [Score] Median [IQR] 85.0 [60.4] 112.0 [60.2] 67.1 [37.6] 39.0 [43.8] χ2(2)=18.29, P<0.001a

GPAQ 50+ [METmin/week] 5214 ± 3065 6199 ± 2658 4860 ± 3617 3287 ± 2122 F(2, 44)=3.38, P=0.043b

Accelerometer [kcal/week] 1962 ± 1239 2586 ± 1148 1712 ± 1150 784 ± 296 F(2, 44)=10.21, P<0.001b

Accelerometer [steps/day] 4864 ± 3236 6347 ± 24 4464 ± 3769 1739 ± 808 F(2, 44)=9.10, P<0.001b

Time spent in MVPA [min/week]

GPAQ 50+ 669 ± 574 873 ± 509 591 ± 653 280 ± 365 F(2, 44)=4.17, P=0.022b

MLTPAQ 769 ± 509 827 ± 361 776 ± 646 613 ± 600 F(2, 44)=0.56, P=0.573b

MLTPAQ 6-item 675 ± 457 719 ± 406 650 ± 456 603 ± 608 F(2, 44)=0.24, P=0.792b

IPAQ 602 ± 553 742 ± 447 633 ± 731 192 ± 163 F(2, 44)=3.60, P=0.036b

7D-PAR 532 ± 448 683 ± 410 540 ± 475 131 ± 227 F(2,44)=5.97, P=0.005b

Accelerometer – Freedson 169 ± 182 252 ± 158 129 ± 210 26 ± 14 F(2, 44)=6.88, P=0.003b

Accelerometer – Copeland & Esliger 957 ± 531 1093 ± 323 1017 ± 747 509 ± 268 F(2, 44)=4.72, P=0.014b

Sedentary Time [h/day]

IPAQ 6.0 ± 2.4 5.7 ± 1.4 5.5 ± 2.2 7.7 ± 4.1 F(2, 44)=2.83, P=0.070b

PASE 5.6 ± 2.5 4.9 ± 1.8 5.5 ± 2.6 7.5± 2.9 F(2, 44)=4.13, P=0.023b

Accelerometer (Percentage of wear time) 9.9 ± 2.9 (73.1%

± 8.6%)

(n=1 missing)

9.7 ± 1.8 (69.9%

± 7.9%)

(n=1 missing)

9.9 ± 3.3 (74.4% ±

9.4%)

10.3 ± 2.8

(78.6% ± 6.0%)

F(2, 43)=0.16, P=0.850b (χ2(2)

=7.15, P=0.028a)

Notes: All values are means ± standard deviations, unless indicated otherwise. aKruskal–Wallis test for not normally distributed interval-based data, bANOVA for normally-

distributed interval-based data.

Abbreviations: 7D-PAR, Seven Day Physical Activity Recall; GPAQ 50+, German Physical Activity Questionnaire 50+; IPAQ, International Physical Activity Questionnaire;

MLTPAQ, Minnesota Leisure Time Physical Activity Questionnaire; MVPA, moderate to vigorous physical activity; PAEE, physical activity energy expenditure; PASE, Physical

Activity Scale for the Elderly; TEE, total energy expenditure.
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result in substantial differences in physical frailty preva-

lence, predictive mortality and internal consistency of the

assessment. In a retrospective analysis, they created 262

different phenotypes and reported FP prevalence estima-

tions ranging from 12.7% to 28.2%.3 The corresponding

range of 15.5 percentage points is comparable to the

17.0 percentage points found in our study.

After data collection for our study, a meta-analysis was

published, which found an even higher variance of pre-

valence (range from 8.6% to 50.9%) based on the Fried

definition in Mexican older adults.46

Frailty Prevalence
Twenty-nine participants (58%) were recruited from

a study sample where the FP prevalence was 17.8%

(95% CI: 13.2% to 22.5%),13 which is only slightly

lower than in the present study. Therefore, we assume

that the sample was sufficiently representative of the popu-

lation included in the primary study A.

In the population of the CHS, 6.9% of the older adults

were classified as frail,7 which is less than in our study.

Older adults with a prescription for physiotherapy usually

have medical conditions and may show physical impair-

ments and disability more frequently, explaining the higher

frailty prevalence in our study. A relationship between activ-

ities of daily living, disability and frailty has been reported.22

Compared to the physical FP versions, the FI based

prevalence estimation (34% frail, 51% pre-frail) was higher

than generally reported in the literature.2 It is important to

note that the FP and the FI are not alternatives but

Figure 2 Frailty prevalence according to the assessment and definition of the low physical activity criterion.

Notes: Cut-point models: (A): Fried’s values. (B): specific values. (C): MVPA recommendation.

Abbreviations: Accel, Accelerometer; CI, confidence interval; GPAQ 50+, German Physical Activity Questionnaire 50+; IPAQ, International Physical Activity

Questionnaire; MLTPAQ, Minnesota Leisure Time Physical Activity Questionnaire; MVPA, moderate to vigorous physical activity; PASE, Physical Activity Scale for the

Elderly; 7D-PAR, Seven Day Physical Activity Recall.
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complementary and have different purposes in the clinical

setting.47 The FI was not originally designed to be categor-

ized, as it describes a fitness-frailty-continuum.32

Cut-Point Models
According to our results, the choice of cut-point values

seems to have a major influence on the variability of frailty

prevalence. The cut-point model A – the values proposed by

Fried and colleagues7 –may produce a very low prevalence

of positive LPA criteria. Applying model A on the

GPAQ 50+ or the 7D-PAR, no participant showed

a positive LPA criterion. These differences, possibly due

to variations in the scope and number of activities included

in these questionnaires, should be carefully considered.

Other studies have used population-dependent approaches

for defining cut-point values for the LPA criterion, mostly

referring to a specific population. Related to our second cut-

point approach (model B: cut-point values recommended for

a specific population), the difference between our sample

population (85.5% positive LPA criterion) and participants

who showed a positive LPA criterion in a study by Chen et al26

(19.5%) is particularly striking. Thus, we recommend defining

a large population in which the same cut-point can be used,

instead of several specific cut-points for a number of small

populations. Thismay also bemore feasible in clinical care and

may ease comparisons between studies.

Table 4 Frailty Phenotype Prevalence According to the Assessment and Definition of Low Physical Activity

Measurement of LPA Item Positive LPA Criterion Frail Pre-Frail Non-Frail

Physical Activity Instrument Cut-Point Modela n % n % n % n %

Frailty Index NA NA NA 16 34.0% 24 51.1% 7 14.9%

MLTPAQ A 4 8.5% 9 19.1% 15 31.9% 23 48.9%

C 5 10.6% 9 19,1% 15 31,9% 23 48.9%

MLTPAQ 6-item B 2 4.3% 9 19.1% 15 31.9% 23 48.9%

C 5 10.6% 9 19.1% 15 31.9% 23 48.9%

GPAQ 50+ A 0 0% 7 14.9% 17 36.2% 23 48.9%

C 10 21.3% 11 23.4% 14 29.8% 22 46.8%

IPAQ A 8 17.0% 11 23.4% 13 27.7% 23 48.9%

B 18 38.3% 11 23.4% 19 40.4% 17 36.2%

C 14 29.8% 11 23.4% 18 38.3% 18 38.3%

PASE B1 3 6.4% 8 17.0% 16 34.0% 23 48.9%

B2 26 55.3% 14 29.8% 16 34.0% 17 36.2%

7D-PAR A 0 0% 7 14.9% 17 36.2% 23 48.9%

C 14 29.8% 11 23.4% 16 34.0% 20 42.6%

Accelerometer A 0 0% 7 14.9% 17 36.2% 23 48.9%

B 40 85.1% 13 27.7% 31 66.0% 3 6.4%

C1 30 63.8% 14 29.8% 18 38.3% 15 31.9%

C2 0 0% 7 14.9% 17 36.2% 23 48.9%

Step ounts Accelerometer B 27 57.4% 14 29.8% 17 36.2% 16 34.0%

C 37 78.7% 15 31.9% 24 51.1% 8 17.0%

Notes: Grey shading highlights phenotype models that have already been used in the literature. This refers to the specific combination of an assessment method (eg

questionnaire) and a cut-point. aCut-point models: A: Fried’s values, B: specific values of the respective study/questionnaire, C: MVPA recommendations.

Abbreviations: 7D-PAR, Seven Day Physical Activity Recall; GPAQ 50+, German Physical Activity Questionnaire 50+; IPAQ, International Physical Activity Questionnaire;

LPA, low physical activity; MLTPAQ, Minnesota Leisure Time Physical Activity Questionnaire; MVPA, moderate to vigorous physical activity; NA, not applicable; PASE,

Physical Activity Scale for the Elderly.

Table 5 Analysis of Positive Items of the Frailty Phenotype

Positive Frailty Phenotype

Items (n)

% n

0 48.9 23

1 19.1 9

2 17.0 8

3 12.8 6

4 2.1 1

Notes: Number of positive frailty phenotype items present (not including the low

physical activity criterion).
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We also included public health recommendations for

MVPA to define the LPA criterion (model C),18 even

though these are under debate and may be too ambitious

for older adults.48 Here, participants showed comparable

levels of LPA (between 500 and 700 min/week) irrespec-

tive of the PA questionnaire used, but varying levels of

LPA when accelerometers were used. This is in line with

a review on older adults meeting PA recommendations,

which showed a range from 2% to 83%.49

Assessing PA
Using questionnaires to assess PA in older adults remains

challenging with respect to psychometric properties, con-

text specificity, recall or observation time, suitability for

cognitively impaired individuals, and the domains to be

included.50 In all models, except for the MLTPAQ, we

found that individuals classified as frail showed signifi-

cantly less PA compared to those classified as non-frail.

This might indicate that the MLTPAQ might not be very

well applicable for older adults.

We also assessed PA by accelerometry. There is some

evidence that accelerometer data have the strongest associa-

tion with frailty.12 Although accelerometers showed far bet-

ter results in validation studies compared to PA

questionnaires in terms of correlation to the doubly labeled

water method (eg Colbert et al51), outcomes rely a lot on the

investigator’s choice of cut-points.52 In our sample, 150 min

MVPA per week (as recommended by the WHO) were

hardly surpassed when using the Freedson27 model, whereas

every single participant fulfilled the WHO recommendation

if the model proposed by Copeland and Esliger28 was used.

A possible explanation for this might be the different defini-

tions of MVPA during walking (Freedson:27 4.0 km/h,

Copeland and Esliger:28 3.2 km/h).

To investigate daily steps of older adults in clinical

practice, a single pedometer or smartphone might be

a practical choice. However, the problem of defining

appropriate cut-points for a step remains. Older adults

may present gait patterns and biomechanics different

from younger adults.

Sedentary time was found to be correlated with physical

frailty and might be an independent risk factor.53 Other

studies stress the importance of sedentary time in terms of

frailty levels.54 Participants in the present study were seden-

tary for 9.9 ± 2.9 hours per day, which corresponds to 73%

of wear time. The more time participants spent in sedentary

levels relative to their wear time, the frailer they were. The

values are in accordance with data from a huge cohort of the

Osteoarthritis Initiative, where older adults spent 9.9 hours

per day (or 66% of waking time) being sedentary.53

Limitations
To our knowledge, this is the first study to analyze the

impact of modifying the LPA criterion in the FP. However,

there are several limitations.

The total number of participants with valid data (n=47)

was relatively small and no formal sample size calculation

was performed. However, this is a methodological rather

than a prevalence study, and the considerable magnitude of

the resulting confidence intervals takes the small sample

size into account.44

The recruitment process itself might have induced bias

as we struggled to find enough participants for the study.

The population of the present study does not represent

a random and representative sample of older community-

dwelling adults living in an urban region in Germany.

Using an established assessment of cognitive status

instead of subjective ratings could have resulted in

a slightly different composition of our sample. For some

participants, it may have been difficult to concentrate

throughout all the study assessments. We attempted to

minimize the question-order bias by selecting a random

order in asking PA questionnaires.

The selection of PA questionnaires and the corresponding

cut-points emerged from a non-systematic literature research

on studies using the FP up to 2015 and underlying criteria

such as the availability of a German language version.

A systematic review would have produced a more represen-

tative sample of measurement instruments. Therefore, our

findings can be generalized to a limited extent only.

Perspectives
The calculation of correction factors between commonly

used LPA criteria sets might allow a better comparison of

published prevalence rates. However, this would require

setting up a study in which various methods of PA assess-

ment and different cut-points are applied in a very large

and diverse sample.

Despite the diagnostic limitations, it is very important

to detect frailty in older adults, as it is associated with

various negative health outcomes.1 In future studies we

should endeavor to measure physical frailty with standar-

dized, reliable and valid methods.

Consumer wearables may increasingly become a good

option to assess the PA level in an accurate way for use in

the FP. Combining measurements of accelerometry, heart
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rate and location (GPS), as has been done in Theou et al,12

promises to improve the validity of PA measurements as

one criterion for physical frailty.

Conclusion
Our results indicate that the method of PA assessment and

the choice of cut-point values for LPA impacts the pre-

valence of physical frailty quite considerably. Thus, the

interpretation and comparison of published physical frailty

prevalence data needs to be done with more caution, and

more effort to standardize and adhere to the LPA criterion

seems warranted. Developing correction formulas and

standardized assessment methods (including cut-point

values) for clearly defined populations (eg age categories)

and contexts could help to ensure and improve internal

validity of the assessment and enable better interstudy

comparison. This would be an important prerequisite for

a more frequent use of the FP in both research and clinical

settings.
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