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Abstract

Background The aim of this study was to assess the rela-

tionship between frailty and a large number of indicators

related to physical and muscular performance as well as

quality of life.

Methods This is an analysis of data collected at baseline in

the Sample of Elderly Nursing home Individuals: an

Observational Research (SENIOR) cohort including nurs-

ing home residents. Subjects are volunteer, oriented and

able to walk (walking assistance allowed) nursing home

residents in Belgium. A large number of demographic and

clinical characteristics, including physical and muscular

performance, were collected from each patient. The

prevalence of frailty in this population was assessed using

Fried’s definition.

Results In total, 662 subjects are included in this analysis.

The mean age of the sample is 83.2 ± 8.99 years, and 484

(73.1 %) are women. In this population of nursing home

residents, the prevalence of frailty is 25.1 %, pre-frailty,

59.8 % and robustness, 15.1 %. Compared to non-frail

subjects, frail subjects have lower physical and muscular

performances and a lower quality of life.

Conclusion Frailty, according to Fried’s definition, seems

to be associated with several clinical indicators suggesting

a higher level of disability and an increased propensity to

develop major clinical consequences. Follow-up data of the

SENIOR cohort will be helpful in confirming these find-

ings, establishing cause–effect relationships and identify-

ing the most predictive components of physical frailty for

adverse outcomes in nursing homes.

Keywords Frailty � Physical performances � Quality of

life � Nursing home

Introduction

Ageing is associated with a progressive and significant

decrease in muscle function (i.e. muscle strength and

muscle performance) [1], which is recognized as a common

feature of the frailty syndrome [2, 3]. Frailty is defined as a

clinical state of increased vulnerability to poor resolution

of homoeostasis after a stressor event that increases the risk

of adverse outcomes, including falls, delirium and dis-

ability [4]. In an ageing world, it is important to focus on

the early signs and indicators of future adverse events to

prevent ageing-related functional decline and to promote

and increase healthy life years [5]. Therefore, the identifi-

cation of frail individuals has been recognized as a priority

for effective implementation of healthy ageing strategies.

The frail elderly tend to depend more on others due to their

limitations in physical function compared to the robust

elderly [6], and maintenance of function is more important

to the elderly than healing from diseases [7]. Because of

the burden of frailty and its costs to both the individual and

society, this clinical state is of concern, given the ageing

population. Therefore, it seems essential to public health to
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implement screening for frailty. However, limited data

exist regarding the predictors or consequences of frailty in

the nursing home setting. In the literature, several studies

assessing the clinical components of frailty exist, but each

of these studies is focused on restricted clinical character-

istics [8–10]. Based on these observations, we decided to

implement an ongoing longitudinal study following elderly

nursing home residents, called the Sample of Elderly

Nursing home Individuals: an Observational Research

(SENIOR) cohort, to assess the relationship between frailty

and a large number of socio-demographic and clinical

characteristics, including physical performance. The aim of

the present paper is to offer an overview of the data col-

lected in this study and to present the baseline character-

istics of the subjects enrolled in the SENIOR cohort. Data

on the prevalence of frailty will also be presented in this

manuscript. Finally, physical performance will be com-

pared between frail and robust subjects.

Methods

Population

The Sample of Elderly Nursing home Individuals: an

Observational Research (SENIOR) cohort is a prospective

longitudinal study of Belgian nursing home residents. The

selection criteria of the population were (1) living in a

nursing home in the Province of Liège that was included in

this study; (2) being oriented, to provide informed consent

and understand the questionnaires; and (3) being able to

walk and stand, including with technical assistance. The

study was approved by the Ethics Committee of the

University teaching Hospital of Liège under number

2013/178.

Data collected

All subjects were interviewed by a clinical research assis-

tant for a mean time of 1 h to obtain the socio-demographic

and anamnestic data. Clinical characteristics of each

patient were collected to assess their physical and muscular

performances. Data have been collected in the same order,

as mentioned below. Note that two different clinical

research assistants were in charge of the data collection and

were trained to standardize this collection.

Frailty diagnosis

Fried defines frailty as a deficit in five domains. Thus, the

phenotype of frailty was identified by the presence of three

or more of the following components: weight loss (self-

reported unintentional weight loss of more than 4.5 kg in

the past year), weakness (dynamometer-measured grip

strength below the established cut-off based on gender and

BMI), poor endurance and energy (self-reported exhaustion

measured by two items from the Centre for Epidemiolog-

ical Studies depression scale), slowness (walking speed on

4.5 m distance below the established cut-off based on

gender and height) and low physical activity level (self-

reported time spent in physical activity in the past 7 days

based on the Minnesota scale below the established cut-off

based on sex). The presence of one or two deficits indicates

a pre-frail condition, and a total of three or more deficits

indicate frailty, while the absence of deficits indicates a

robust state [2].

Physical and muscular performances

Tinetti test The Tinetti test, or Performance-Oriented

Mobility Assessment (POMA), was used to assess body

balance and gait abnormalities. This assessment is one of

the most widely used tests in this field. This test consists of

16 items: 9 for body balance and 7 for gait. The maximum

score is 16 for body balance, 12 for gait and thus 28 for the

global score (balance ? gait). In general, a score below 19

indicates a high risk of falls, a score between 19 and 24

indicates a moderate risk of falls, and 28 points indicates

no risk of falls [11, 12].

Timed Up and Go test The Timed Up and Go test is a

modified version of the ‘‘Get Up & Go’’ test. This test

measures basic mobility and dynamic equilibrium capa-

bilities in a complex task in the elderly [13, 14]. From a

sitting position, the subject has to stand up, walk 3 m, turn

around, walk back and sit down again. The time needed to

complete the task is recorded and used for analysis [15]. A

time of more than 30 s indicates a high level of depen-

dence. A time of between 20 and 30 s indicates uncertain

mobility and a risk of falling. A time of \20 s indicates

independence of the subject [13, 16].

SPPB test The Short Physical Performance Battery

(SPPB) test is composed of three separate tests: balance,

4-m gait speed and a chair stand test. A score between 0

and 4 is assigned on each test, and the three tests are

weighted equally. Therefore, the maximum score is 12

points. The cut-off value used to assess poor physical

performance is B8 points, according to the EWGSOP

group (European Working Group on Sarcopenia in Older

People) [17].

Gait speed Gait speed, which is a component of the SPPB

test, is also recognized to assess physical performance [18].

A walking speed \0.8 m/s is considered to indicate poor

physical performance [17]. Patients were instructed to walk
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at their comfortable speed, as they safely could be, without

running, from one cone to the next, placed 4 m apart.

Grip strength Handgrip strength of the subjects was

measured using a hydraulic dynamometer (Seahan Corpo-

ration, MSD Europe Bvba, Belgium). The device was

calibrated at the beginning of the study to 10, 40 and 90 kg.

Subjects were asked to squeeze the dynamometer as long

and as tightly as possible or until the needle stopped rising.

Three measurements for each hand, alternating sides, were

performed, and the best of the six grip strength measure-

ments was used for statistical analysis [19].

Grip work Grip work, or the fatigue resistance test,

consists of squeezing a dynamometer as hard as possible

and maintaining the pressure until the recorded grip

strength drops to 50 % of its maximum value [20]. Three

measurements for each hand, alternating sides, were per-

formed, and the best of the six grip strength measurements

was used for statistical analysis. The grip work, or the total

effort produced during this test, was calculated by the

following formula: Grip work = (grip strength

(kg) 9 0.75) 9 fatigue resistance (min). It was measured

using a hydraulic dynamometer.

Muscular isometric strength of 8 muscle groups Maximal

isometric muscle strength of 8 different muscle groups

(knee extensors and flexors, hip abductors and extensors,

ankle flexors and extensors, elbow flexors and extensors)

was measured according to the protocol defined by Buck-

inx [1]. Three consecutive maximal contractions of each

muscle group were performed, and the highest performance

was considered for the analysis.

Peak expiratory flow Peak expiratory flow rate is a per-

son’s maximum speed of expiration, as measured with a

Mini-Wright’s peak flow metre. Subjects were instructed to

take a full breath in and then to exhale as fast as they could

into the device. The measurement obtained is called peak

flow and is expressed in litre/min.

Anamnestic data

Socio-demographic data A large number of variables

were obtained from the subjects and completed using

patient medical records: age, gender, anthropometric

measurements such as weight to the nearest 0.1 kg and

height to the nearest 0.1 cm, from which body mass index

(BMI) was calculated, abdominal circumference to the

nearest 0.1 cm, type of institution (nursing home, nursing

home and care), technical assistance for walking, partici-

pation in physiotherapy sessions, alcohol consumption,

smoking habits, drugs consumed, medical history, history

of fractures and hospitalizations.

Cognitive status Cognitive skills were assessed with the

Mini-Mental State Examination (MMSE), which consists

of a 30-item questionnaire. A maximum score of 30 is

attainable for a person without any neuropsychological

impairments. Any score greater than or equal to 27 points

indicates normal cognition. Below this cut-off, scores can

indicate severe (B9 points), moderate (10–18 points) or

mild (19–24 points) cognitive impairment [21].

Nutritional status Nutritional status was assessed using the

Mini Nutritional Assessment (MNA). This test comprises two

parts: a screening part followed by an assessment part. If the

score obtained for the screening section is 12 or more points

out of the 14 total possible points, the subject is classified as

well nourished and does not need to complete the assessment

part. If the subject presents a screening score of 11 points or

less, the assessment part has to be completed. The full eval-

uation is scored on 30 points. A score of 24 points or more

indicates that the subject is well nourished, a score between 17

and 23.5 points indicates a risk of malnutrition, and a score

lower than 17 points indicates malnutrition [22].

Level of physical activity Participant’s leisure time

activity was evaluated using the short version of the Min-

nesota Leisure Time Physical Activity Questionnaire. This

questionnaire asks participants about the types, frequency

and duration of their leisure time activity (average

hours/day engaged in the following four categories: walk-

ing, doing aerobics or workouts, sports and household

activities). The number of calories burned per day was

calculated using the activity metabolic index, which

enables the calories burned to be measured using the

metabolic equivalent of tasks [23].

Body composition A validated multi-frequency bioelec-

trical impedance analyser, the InBody S10 Biospace device

(Biospace Co, Ltd, Korea/Model JMW140), was used to

assess the body composition of the subjects [24]. Elec-

trodes are placed at 8 precise tactile points of the body to

achieve a multi-segmental frequency analysis. A total of 30

impedance measurements are obtained using 6 different

frequencies (1, 5, 50, 250, 500, 1000 kHz) at the 5 fol-

lowing segments of the body: right and left arms, trunk,

and right and left legs.

Quality of life Quality of life was assessed using the

following:

• The Short-Form 36 questionnaire (SF-36) is a 36-item

questionnaire that measures quality of life (QoL) across
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eight domains that are both physically and emotionally

based. The eight domains that the SF-36 measures are

as follows: physical functioning, role limitations due to

physical health, role limitations due to emotional

problems, energy/fatigue, emotional well-being, social

functioning, pain and general health. In summary, an

aggregate percentage score is produced for each of the

eight domains that the SF-36 measures. The percentage

scores range from 0 % (lowest or worst possible level

of functioning) to 100 % (highest or best possible level

of functioning) [25].

• The EuroQol 5-dimension (EQ-5D) documents the level

of self-reported health problems according to 5 dimen-

sions (mobility, self-care, usual activity, pain/discomfort

and anxiety/depression). Each dimension comprises 3

levels: no problems, some problems and severe prob-

lems. The EQ-5D health states are then converted into a

single summary index, providing a score ranging from 1

(perfect health) to 0 (death) [26, 27].

• The EQ visual analogue scale (EQ-VAS) records the

respondent’s self-rated health on a vertical, visual

analogue scale with endpoints labelled ‘‘Best imagin-

able health state’’ (100) and ‘‘Worst imaginable health

state’’ (0). This information can be used as a quanti-

tative measure of health outcome as perceived by the

individual respondent [26].

Level of autonomy and dependence Subjects’ functional

limitations in activities of daily living (ADLs) were

assessed by the Katz scale [28], which measures the

independence of the subject in 6 basic and instrumental

activities of daily living: bathing, dressing, toileting,

transferring to and from a bed or chair, continence and

feeding. A score ranging from 1 to 4 is attributed to each

item depending on how independent the individual is when

performing the activity. Higher scores indicate higher

dependence in ADLs.

Fear of falling To assess the fear of falling (FOF), the

Fall Efficacy Scale-International (FES-I) questionnaire was

used. Individuals are asked to rate, on a four-point Likert

scale, their concerns about the possibility of falling when

performing 16 activities. The scores are summed to cal-

culate a total score that ranges from 16 to 64 points, and a

higher score indicates a greater FOF [29].

Statistical analysis

Quantitative variables that were normally distributed were

expressed as the mean ± standard deviation (SD), and

quantitative variables that were not normally distributed

were reported as the median and percentiles (P25-P75).

Shapiro–Wilk’s test verified the normal distribution of all

parameters. Qualitative variables were reported as absolute

and relative frequencies (%). A global presentation of all

subjects’ baseline characteristics was performed, and frail

subjects’ characteristics were compared to those of robust

subjects using a univariate analysis. ANOVA analysis was

therefore used. Data were adjusted on age, sex and BMI

using a multiple or regression analysis. The data analyses

were performed using Statistica 12 software. The results

were considered statistically significant when the two-

tailed p values were\0.05.

Results

The SENIOR population

Subjects from 28 different nursing homes were included in

this study (Fig. 1). In total, these nursing homes have 2675

beds (i.e. nursing home, nursing home and care). Out of

these 2675 residents, 735 (27.5 %) met the selection cri-

teria of the study. And 662 (90.0 %) of them agreed to

participate in the study. Therefore, we included 24.7 % of

the nursing home population.

A total of 662 subjects were therefore included in the

SENIOR cohort (73.1 % women, mean age of

83.2 ± 8.99 years). The demographic and clinical charac-

teristics of the subjects are shown in Table 1.

Prevalence of frailty

Of these 662 subjects, 166 (25.1 %) are frail, 396 (59.8 %)

are pre-frail and 100 (15.1 %) are robust. Frailty is present

in 71 women (27.3 %) and 35 men (19.2 %), pre-frailty in

286 women (59.6 %) and 110 men (60.4 %), whereas 56

women (11.7 %) and 33 men (18.1 %) are robust.

28 nursing homes agreed to par�cipate in this study

2675 residents live in these nursing homes

735 eligible subjects 

662 included in the SENIOR cohort

1940 subjects excluded 
because they did not

meet the selec�on 

73 subjects refused to 
par�cipate in the study

Fig. 1 Flowchart
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Table 1 Baseline

characteristics of the SENIOR

cohort (n = 662)

Characteristics Mean ± SD Median (P25-P75) Number (%)

Age (years) 83.2 ± 8.99

Sex (women) 480 (72.5)

Place of residence

Nursing home 467 (70.5)

Nursing home and care 195 (29.5)

BMI (kg/m2) 25.9 ± 5.52

Waist circumference (cm) 110.7 ± 15.7

Calf circumference (cm) 33.1 ± 4.25

Arm circumference (cm) 28.1 ± 5.13

Walking support

None 291 (44.2)

Cane 117 (17.7)

Walking frame 195 (29.5)

Crutch 8 (1.22)

Wheelchair 34 (5.16)

Arm 7 (1.07)

Other 8 (1.22)

Drugs consumed (number) 10.4 ± 6.63

Medical history (number)a 5 (3-8)

MMSE (/30) 24.1 ± 4.52

Minnesota (kcal/day) 853 ± 826

MNA

Normal nutritional status 439 (69.9)

Risk of malnutrition 175 (27.9)

Malnutrition 14 (2.20)

Body composition

ALM/ht2 (kg/m2)

Women 7.64 ± 1.08

Men 9.44 ± 2.21

Body fat (%)

Women 28.3 ± 11.9

Men 20.2 ± 8.71

SF-36

Physical functioning 0.53 ± 0.43

Social role functioning 0.88 ± 0.21

Physical role functioning 0.86 ± 0.33

Vitality 0.47 ± 0.30

Bodily pain 0.79 ± 0.42

General health perception 0.65 ± 0.19

Emotional role functioning 0.93 ± 0.24

Mental heath 0.63 ± 0.21

EQ-5D 0.57 ± 0.24

EQ-VAS (%) 69.6 ± 17.4

Katz score (6–24) 11.4 ± 4.55

Fear of falling (/64) 31.8 ± 16.4

Fried status

Frail 166 (25.1)

Pre-frail 396 (59.8)

Robust 100 (15.1)
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Regarding Fried’s five criteria, 44 subjects (6.61 %)

present a loss of weight, 485 (72.8 %) weakness, 141

(21.2 %) exhaustion, 305 (45.8 %) a low gait speed and

155 (23.3 %) a low level of physical activity. The presence

of these criteria is presented in Fig. 1 among frail and pre-

frail subjects, as the robust subjects met no criteria (Fig. 2).

Physical and muscular performance according

to frailty status

As expected, after adjusting for age and sex, all the col-

lected data on strength and physical performance signifi-

cantly differ between frail subjects, pre-frail subjects and

robust subjects. Significant difference in body composition

(body fat) is also observed between the groups (Table 2).

Quality of life according to frailty status

All domains of quality of life assessed by the SF-36

questionnaire, except for bodily pain, seem significantly

different between frail, pre-frail and robust subjects after

adjusting for sex, age and BMI. Quality of life assessed by

the EQ-5D and EQ-VAS is also highly significantly dif-

ferent according to frailty status (Table 3).

Discussion

In the baseline evaluation of the SENIOR cohort, we

assessed the prevalence of frailty among oriented and able

to walk subjects and we compared the physical and mus-

cular performances between frail, pre-frail and robust

subjects using Fried’s definition of frailty [2].

We found a prevalence of frailty of 25.1 %, which is

lower than the prevalences observed in other European

cohort studies performed in the nursing home setting. For

example, a Polish study showed a prevalence of frailty of

34.9 % [30]. This higher value is probably due to the

selection criteria of the study population. Indeed, the Polish

studied population included 55.8 % of subjects with cog-

nitive impairment, which was an exclusion criterion of the

SENIOR cohort. Moreover, the operational definition used

for the diagnosis of frailty in the Polish study was the

Canadian Clinical Frailty Scale, whereas we used Fried’s

definition, and it is proved that the prevalence of frailty

varies according to the definition used [31]. Another study

showed a prevalence of frailty, based on the Cardiovascular

Health Study frailty criteria, of 48 % in a population of

Canadian nursing home residents [32]. The FINAL study

of Gonzalez-Vaca also showed a higher prevalence of

frailty than in our cohort, with a value of 68.8 % [33] in

Table 1 continued
Characteristics Mean ± SD Median (P25-P75) Number (%)

Tinetti test (/28) 22.4 ± 6.24

TUG test (seconds) 19.9 (14.2-31.9)

SPPB test (/12) 5.56 ± 3.23

Gait speed (m/sec) 0.89 ± 4.25

Grip strength (kg) 18.6 ± 10.9

Grip work (kg) 24.9 ± 16.6

IS: knee flexors (N) 85.7 ± 38.9

IS: knee extensors (N) 101.6 ± 52.4

IS: ankle flexors (N) 74.9 ± 56.7

IS: ankle extensors (N) 87.9 ± 50.9

IS: hip abductors (N) 69.9 ± 40.5

IS: hip extensors (N) 74.9 ± 47.1

IS: elbow flexors (N) 82.9 ± 40.6

IS: elbow extensors (N) 63.2 ± 29.1

IS isometric strength
a Medical history included general state of health, childhood diseases, immunizations (Tetanus–diphtheria,

pertussis, measles, mumps, rubella, hepatitis A and B, influenza, varicella, polio), adult medical diseases,

injuries and operations, allergies

0 20 40 60 80 100 120

Weight loss

Weakness

Exhaus�on

Low gait speed

Low level of physical ac�vity

%

Pre-frail Frail Total popula�on

Fig. 2 Number of subjects with each component of frailty
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Spanish nursing home residents using Fried’s definition of

frailty. This greater prevalence of frailty compared to our

study is also probably due to the selection criteria of the

population, as 77.9 % of the Spanish subjects had an

MMSE score below 24. The results of these different

studies are difficult to compare to ours because it is known

that the prevalence of frailty varies, not only according to

the definition used for the diagnostic, but also according to

country [34]. Thus, it is important to obtain valid data for

each country and for each population. To our knowledge,

this is the first Belgian study assessing the prevalence of

frailty in nursing home residents.

The prevalence of pre-frailty in the SENIOR cohort was

59.8 %. In the literature, few studies exist in the nursing

home setting. Nevertheless, according to a recent analysis

performed on community-dwelling older people from 10

countries, the prevalence of pre-frailty is 37.4 % (ranging

from 30.4 to 44.9 % according to the country). A Belgian

study showed a prevalence of pre-frailty in community-

dwelling older people of 47.9 % [35]. The prevalence of

our result is higher because nursing home residents are

generally older and more dependent than community-

dwelling older people.

Regarding each of Fried’s five criteria, in our study,

weakness was the most common deficit present in nursing

home residents as reported by 72.8 % of the subjects.

This is consistent with the data presented by Freiheit,

which showed a higher prevalence of weakness (88.9 %)

compared to Fried’s four other criteria [32]. This finding

seems to indicate a potential link between frailty and

sarcopenia.

In our study, frail subjects had lower physical and

muscular performances than robust subjects. This is quite

expected because low muscle strength (i.e. grip strength)

Table 2 Physical and muscular performance according to frailty status

Characteristics N Frail N Pre-frail N Robust p value

Tinetti test (/28 points) 155 17.1 ± 6.99 387 24.2 ± 5.10 94 26.6 ± 2.65 0.001

Timed Up and Go test (sec) 156 32.4 (22.2-44.4) 390 24.1 (14.4-28.0) 96 14.1 (10.4-16.8) \0.0001

SPPB test (/12 points) 160 2.85 ± 2.18 394 5.96 ± 2.94 96 8.51 ± 2.31 0.001

Gait speed (m/sec) 140 0.44 ± 0.18 381 0.75 ± 0.33 95 1.04 ± 0.37 0.001

ALM/ht2 (kg/m2) 51 7.96 ± 1.26 160 8.06 ± 1.40 36 8.35 ± 1.25 0.50

Body fat (%) 51 28. ± 11.9 160 25.1 ± 11.9 36 23.3 ± 10.8 0.04

Grip strength (kg) 166 14.1 ± 6.68 396 18.1 ± 9.23 99 27.9 ± 16.6 \0.0001

IS: knee flexors (N) 112 68.1 ± 36.2 270 88.4 ± 35.8 54 108.9 ± 44.0 \0.0001

IS: knee extensors (N) 112 79.9 ± 41.1 270 103.6 ± 52.5 54 136.4 ± 52.3 \0.0001

IS: ankle flexors (N) 112 64.1 ± 88.6 270 74.3 ± 34.5 54 100.2 ± 54.6 0.0004

IS: ankle extensors (N) 112 70.3 ± 32.1 270 90.2 ± 55.7 54 113.7 ± 45.5 \0.0001

IS: hip abductors (N) 112 45.5 ± 35.9 270 73.1 ± 36.1 54 104.6 ± 39.9 \0.0001

IS: hip extensors (N) 112 45.1 ± 38.2 270 78.3 ± 43.9 54 111.7 ± 46.0 \0.0001

Isometric strength: elbow flexors (N) 112 72.4 ± 32.5 270 90.7 ± 38.3 54 116.2 ± 49.8 \0.0001

Isometric strength: elbow extensors(N) 112 52.6 ± 23.2 270 63.9 ± 27.6 54 81.5 ± 36.8 \0.0001

Table 3 Quality of life

according to frailty status
Characteristics N Frail N Pre-frail N Robust p value

SF-36 physical functioning 165 0.25 ± 0.22 394 0.59 ± 0.26 89 0.73 ± 0.23 0.003

SF-36 social role functioning 165 0.80 ± 0.26 394 0.91 ± 0.18 89 0.94 ± 0.15 \0.001

SF-36 physical role functioning 165 0.70 ± 0.44 394 0.91 ± 0.26 89 0.93 ± 0.25 \0.001

SF-36 vitality 165 0.39 ± 0.20 394 0.50 ± 0.34 89 0.56 ± 0.18 \0.001

SF-36 bodily pain 165 0.60 ± 0.32 394 0.74 ± 0.28 89 1.32 ± 4.69 0.14

SF-36 general health perception 165 0.58 ± 0.20 394 0.66 ± 0.18 89 0.72 ± 0.17 \0.001

SF-36 emotional role functioning 165 0.84 ± 0.36 394 0.96 ± 0.19 89 0.95 ± 0.21 \0.001

SF-36 mental health 165 0.56 ± 0.22 394 0.64 ± 0.21 89 0.69 ± 0.20 \0.001

EQ-5D 166 0.26 ± 0.36 396 0.59 ± 0.22 89 0.69 ± 0.39 \0.001

EQ-VAS 166 065 ± 0.18 396 0.70 ± 0.16 89 0.75 ± 0.16 \0.001
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and low gait speed are components of frailty, and this

finding is consistent with other studies. For instance,

Batista showed that lower levels of lower limb muscle

strength were associated with advanced age and greater

presence of signs of frailty [36]. Given the various effects

of frailty on physical health, the quality of life of the

subjects affected by this syndrome is very likely to be

decreased. Indeed, a recent study reported a reduced

quality of life among frail elderly people living in the

community [37]. However, few studies have reported data

concerning the quality of life of frail institutionalized

subjects.

This study has a number of strengths. This is an original

study conducted in a large number of nursing home resi-

dents and it includes a large number of demographic and

clinical characteristics. Therefore, the SENIOR cohort may

offer robust longitudinal evaluations of frailty. Moreover,

the diagnosis of frailty is based on Fried’s definition, which

is the most widely used tool to assess frailty in the litera-

ture. The use of this definition will enable us to compare

our data with the existing data. Finally, in addition to

conventional data on muscle strength (i.e. grip strength),

we collected the isometric muscle strength of 8 muscle

groups. This may provide interesting data on physical

function. Indeed, our results highlight that frail subjects

have a lower isometric strength compared to non-frail

subjects and this is particularly true with regard to the hip

strength. This finding offers complementary research per-

spectives, especially in longitudinal studies, in order to

determine whether a low hip strength could be a good

predictor of frailty.

Our study, unfortunately, has limited external validity

because of the non-representativeness of the sample. Indeed,

the sample was mainly composed of volunteer, oriented and

able to walk nursing home residents, and thus, the frailest

subjects have probably been excluded from this study. This

limits the extrapolation of our results to all nursing home

residents. We should also note that large number of tests and

questionnaires might be tiring for elderly people, and thus,

this may have led, in our study, to an underestimation of the

results (i.e. test of strength for example). To limit this bias

and make comparisons possible, tests were always carried

out in the same order in all subjects.

Finally the cross-sectional design of our study enables

the establishment of some associations between frailty and

physical components but not the identification of cause–

effect relationships. Longitudinal studies are necessary to

determine these types of relationships and are also needed

to validate Fried’s criteria (i.e. as predictive criteria for

adverse health outcomes).

In conclusion, frailty is a major public health problem

because it concerns a large number of elderly subjects,

even in nursing homes. Frailty seems to be associated with

a substantial number of physical and muscular performance

indicators. Longitudinal studies are necessary to confirm

these data, to establish a cause–effect relationship and to

identify the most predictive components of physical frailty

for adverse outcomes in nursing homes. Follow-up data of

the SENIOR cohort could be helpful to fill this gap in the

literature.

Acknowledgments We thank all nursing homes and residents who

agreed to participate in this study.

Funding This research did not receive any specific Grant from

funding agencies in the public, commercial or not-for-profit sectors.

Compliance with ethical standards

Conflict of interest On behalf of all authors, the corresponding

author states that there is no conflict of interest.

Human and Animal Rights All procedures performed in studies

involving human participants were in accordance with the ethical

standards of the institutional and/or national research committee and

with the 1964 Helsinki declaration and its later amendments or

comparable ethical standards.

Informed consent Informed consent was obtained from all individ-

ual participants for whom identifying information is included in this

article.

References

1. Buckinx F, Croisier JL, Reginster JY et al (2015) Relationship

between isometric strength of six lower limb muscle groups and

motor skills among nursing home residents. J Frailty Aging

4:184–187

2. Fried LP, Tangen CM, Walston J et al (2001) Frailty in older

adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci

56:M146–M156

3. Cesari M, Pahor M, Lauretani F et al (2009) Skeletal muscle and

mortality results from the InCHIANTI Study. J Gerontol A Biol

Sci Med Sci 64:377–384

4. Clegg A, Young J, Iliffe S et al (2013) Frailty in elderly people.

Lancet 381:752–762

5. Roppolo M, Mulasso A, Gobbens RJ et al (2015) A comparison

between uni- and multidimensional frailty measures: prevalence,

functional status, and relationships with disability. Clin Interv

Aging 10:1669–1678

6. Brown M, Sinacore DR, Binderm EF et al (2000) Physical and

performance measures for the identification of mild to moderate

frailty. J Gerontol A Biol Sci Med Sci 55:M350–M355

7. Lee BA, Kim JG, Oh DJ (2013) The effects of combined exercise

intervention on body composition and physical fitness in elderly

females at a nursing home. J Exerc Rehabil 9:298–303

8. Tabue-Teguo M, Kelaiditi E, Demougeot L et al (2015) Frailty

index and mortality in nursing home residents in France: results

from the INCUR study. J Am Med Dir Assoc 16:603–606

9. Rockwood K, Abeysundera MJ, Mitnitski A (2007) How should

we grade frailty in nursing home patients? J Am Med Dir Assoc

8:595–603

10. Fougere B, Kelaiditi E, Hoogendijk EO et al (2016) Frailty index

and quality of life in nursing home residents: results from INCUR

study. J Gerontol A Biol Sci Med Sci 71:420–424

Aging Clin Exp Res

123



Author's Personal Copy
11. Tinetti ME, Speechley M, Ginter SF (1988) Risk factors for falls

among elderly persons living in the community. N Engl J Med

319:1701–1707

12. Tinetti ME (1986) Performance-oriented assessment of mobility

problems in elderly patients. J Am Geriatr Soc 34:119–126

13. Podsiadlo D, Richardson S (1991) The timed ‘‘Up & Go’’: a test

of basic functional mobility for frail elderly persons. J Am Geriatr

Soc 39:142–148

14. Schoppen T, Booonstra A, Groothoff JW et al (1999) The timed

‘‘up and go’’ test: reliability and validity in persons with unilat-

eral lower limb amputation. Arch Phys Med Rehabil 80:825–828

15. Bruyere O, Wuidart MA, Di Palma E et al (2005) Controlled

whole body vibration to decrease fall risk and improve health-

related quality of life of nursing home residents. Arch Phys Med

Rehabil 86:303–307

16. Mathias S, Nayak US, Isaacs B (1986) Balance in elderly

patients: the ‘‘get-up and go’’ test. Arch Phys Med Rehabil

67:387–389

17. Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al (2010) Sarcopenia:

European consensus on definition and diagnosis: report of the

European working group on sarcopenia in older people. Age

Ageing 39:412–423

18. Guralnik JM, Ferrucci L, Pieper CF et al (2000) Lower extremity

function and subsequent disability: consistency across studies,

predictive models, and value of gait speed alone compared with

the short physical performance battery. J Gerontol A Biol Sci

Med Sci 55:M221–M231

19. Roberts HC, Denison HJ, Martin HJ et al (2011) A review of the

measurement of grip strength in clinical and epidemiological

studies: towards a standardised approach. Age Ageing

40:423–429

20. Bautmans I, Onyema O, Van Puyvelde K et al (2011) Grip work

estimation during sustained maximal contraction: validity and

relationship with dependency and inflammation in elderly per-

sons. J Nutr Health Aging 15:731–736

21. Tombaugh TN, McIntyre NJ (1992) The mini-mental state

examination: a comprehensive review. J Am Geriatr Soc

40:922–935

22. Vellas B, Villars H, Abellan G et al (2006) Overview of the

MNA: its history and challenges. J Nutr Health Aging

10:456–463 (discussion 463-5)
23. Taylor HL, Jacobs DR, Schucker B et al (1978) A questionnaire

for the assessment of leisure time physical activities. J Chronic

Dis 31:741–755

24. Buckinx F, Reginster JY, Dardenne N et al (2015) Concordance

between muscle mass assessed by bioelectrical impedance anal-

ysis and by dual energy X-ray absorptiometry: a cross-sectional

study. BMC Musculoskelet Disord 16:60

25. Ware JE Jr, Sherbourne CD (1992) The MOS 36-item short-form

health survey (SF-36). I. Conceptual framework and item selec-

tion. Med Care 30:473–483

26. Rabin R, de Charro F (2001) EQ-5D: a measure of health status

from the EuroQol group. Ann Med 33:337–343

27. Cleemput I (2010) A social preference valuations set for EQ-5D

health states in Flanders, Belgium. Eur J Health Econ 11:205–213

28. Katz S, Ford AB, Moskowitz RW et al (1963) Studies of illness in

the aged. The index of ADL: a standardized measure of biological

and psychosocial function. JAMA 185:914–919

29. Dewan N, MacDermid JC (2014) Fall efficacy scale-international

(FES-I). J Physiother 60:60

30. Matusik P, Tomaszewski K, Chmielowska K et al (2012) Severe

frailty and cognitive impairment are related to higher mortality in

12-month follow-up of nursing home residents. Arch Gerontol

Geriatr 55:22–24

31. Collard RM, Boter H, Schoevers RA et al (2012) Prevalence of

frailty in community-dwelling older persons: a systematic review.

J Am Geriatr Soc 60:1487–1492

32. Freiheit EA, Hogan DB, Strain LA et al (2011) Operationalizing

frailty among older residents of assisted living facilities. BMC

Geriatr 11:23

33. Gonzalez-Vaca J, de la Rica-Escuin M, Silva-Iglesias M et al

(2014) Frailty in INstitutionalized older adults from ALbacete.

The FINAL study: rationale, design, methodology, prevalence

and attributes. Maturitas 77:78–84
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