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Objective: The objective of this study was to evaluate, among nursing home residents, the extent to which
the various operational definitions of frailty predict mortality and falls at 1 year.
Methods: We studied 662 participants from the Sample of Elderly Nursing home Individuals: An
Observational Research (SENIOR) cohort aged 83.2 � 8.99 years, including 484 (72.5%) women and living
in nursing homes. Among this cohort, 584 and 565 participants, respectively, were monitored over
12 months for mortality assessment and for occurrence of falls (ie, by mean of their medical records).
Each patient was subjected to a clinical examination at baseline, during which many original clinical
characteristics were collected. Stepwise regression analyses were carried out to predict mortality and
falls.
Results: Among the participants included in the study, 93 (15.9%) died and 211 (37.3%) experienced a fall
during the 1-year of follow-up. After adjustment, none of the definitions of frailty assessed predicted the
1-year occurrence of negative health outcomes. When comparing the clinical characteristics of deceased
participants and those still alive, being a man (OR ¼ 1.89; 95% CI: 1.19-3.01; P ¼ .002) and being diag-
nosed with sarcopenia (OR ¼ 1.7; 95% CI: 1.1-2.92; P ¼ .03) were independent factors associated with 1-
year mortality. Other independent factors that were significantly associated with the 1-year occurrence
of falls were the results obtained with the Tinetti test (OR ¼ 0.93; 95% CI: 0.87-0.98; P ¼ .04), with the
grip strength test (OR ¼ 0.95; 95% CI: 0.90-0.98, P ¼ .03), and with the isometric strength test of elbow
extensors (OR ¼ 0.93; 95%CI: 0.87-0.97; P ¼ .04).
Conclusions: Within the operational definitions of frailty assessed, none is sufficiently sensitive to predict
the occurrence of falls and deaths at 1 year among nursing home residents. Globally, the frequency of
undesirable health outcomes seems to be higher among participants with lower muscle strength and
mobility. Medical strategy or adapted physical activity, with the aim of improving specific isometric
muscle strength and mobility could potentially, but significantly, reduce the occurrence of falls and even
deaths.
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Causes of morbidity and mortality are major public health prob-
lems in modern societies with aging populations and the increase in
the number of institutionalized persons.1 Previous studies have shown
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that 20% to 24% of deaths occur in nursing homes. Falls are also
prevalent among nursing home residents, affecting 30% to 50% of the
population, with approximately 1.5 falls occurring per nursing home
bed per year.3

Whereas the concept of frailty is quite well established in the
scientific literature, there is no consensual operational definition.4,5 A
recent systematic review identified 67 operational definitions of
frailty6 and, currently, only one of these has been validated in the
specific population of nursing home residents, the FRAIL-Nursing
Home scale (FRAIL-NH).7 It is acknowledged that frailty increases
the likelihood of developing negative health outcomes, including falls
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and deaths8. According to the recent meta-analysis published by
Vermeiren et al,8 frail participants have a risk of mortality increased by
2.55 [odds ratio (OR) ¼ 2.55; 95% confidence interval (CI): 1.76e3.70],
and the risk of falls increased by 2.06 (OR ¼ 2.06; 95% CI: 1.28-3.34).
An interesting operational definition of frailty, to use in the nursing
home setting, could be the one that best predicts the occurrence of
these negative health outcomes.

Other intrinsic risk factors for falls are generally recognized, such
as age, functional abilities, chronic diseases, gait disturbances, and fear
of falling.9e12 These factors have been identified among community-
dwelling older people or among hospitalized patients, but very few
studies have been performed in a nursing home setting. In a previous
prospective study conducted in nursing homes, we have shown that
very few factors were independently associated with the incidence of
falls.13 In this study, a low bodymass index (BMI) was the only variable
significantly associated with a 2-year risk of mortality. Because our
previous study included a small number of residents and few con-
founding variables in the analysis, it is important to confirm and to
complete these observations.13

On the basis of these findings, the present study aimed to identify
the most predictive operational definition of frailty for mortality and
falls, after 1-year of follow-up, among nursing home residents, taking
into account intrinsic risk factors for such negative health outcomes.

Methods

Study Design

The analysis was based on the data from the Sample of Elderly
Nursing home Individuals: an Observational Research (SENIOR)
cohort, which is a prospective longitudinal study of Belgian nursing
home residents, in which participants are evaluated each year.14 The
present analysis is focused on data collected at baseline and on
negative health outcomes occurring during the first year of follow-up.
The study was approved by the Ethics Committee of the University
Teaching Hospital of Liège under number 2013/178.

Population

The sample comprised participants from the SENIOR cohort, living
in 28 nursing homes in the Province of Liège and who have been
monitored over 1 full year. The selection criteria for the population
were (1) to be oriented (ie, to get informed consent), (2) to be able to
stand andwalk (ie, walking technical assistance allowed), and (3) to be
a volunteer.

Data Collected

Diagnosis of frailty
At baseline, all participants received a diagnosis of frailty based on

11 different operational definitions.

Clinical frailty scale.15 This is based on a clinical evaluation in the
domains of mobility, energy, physical activity, and function,
using descriptors and figures to stratify elderly adults according
to their level of vulnerability. The score ranges from 1 (robust
health) to 7 (complete functional dependence on others).
Edmonton frail scale.16 This samples 8 domains (cognitive
impairment, health attitudes, social support, medication use,
nutrition, mood, continence, functional abilities). A score range
from 0 to 3 is a robust state, 4 to 5 is a slightly frail state, 6 to 8 is
a moderately frail state, and 9 to 17 is a severely frail state.
Frail scale status17: This has 5 components: fatigue, resistance,
ambulation, illness, and loss of weight. Scores range from 0 to5
and represent frail (3-5), prefrail (1-2), and robust (0) health
states.
Frailty index18: This is expressed as a ratio of deficits present to
the total number of deficits considered. Frailty index includes
40 variables and the calculation was performed on the
maximum number of deficits collected. Thus, participants were
considered as frail when the ratio of deficits present to the total
number of deficits considered was 0.25 (ie, lowest quartile) or
more.19,20

Frailty phenotype21: This is a deficit across 5 domains. Thus,
phenotype of frailty was identified by the presence of three or
more of the following components: shrinking, weakness, poor
endurance and energy, slowness, and a low level of physical
activity. The presence of 1 or 2 deficits indicates a prefrail con-
dition, and a total of 3 or more deficits indicate frailty whereas
the absence of deficits indicates a robust state.
Groningen frailty indicator22: This consists of 15 self-reported
items and screens for loss of functions and resources in 4 do-
mains: physical, cognitive, social, and psychological. Scores
range from 0 (not frail) to 15 (very frail). A Groningen Frailty
Indicator score of 4 or higher was regarded as frail.
Sega grid23: This establishes a risk profile of frailty and provides
reporting of problems and factors that may influence functional
decline, including age, provenance, drugs, mood, perceived
health, history of falls, nutrition, comorbidities, instrumental
activities of daily living, mobility, continence, feeding, and
cognitive functions. A score of 0,1, or 2 is given for each item and
a total over 11 points indicates a “very frail” condition, a score
between 8 and 11 points indicates a frail conditionwhile a score
below 8 is a slightly frail condition.
Share frailty instrument24: Using the 5 share frailty instrument
variables (fatigue, loss of appetite, grip strength, functional
difficulties, and physical activity), D-factor scores were deter-
mined using the share frailty instrument formula and, based on
the D-factor score value, the participant could then be catego-
rized as nonfrail, prefrail, or frail.
Strawbridge questionnaire25: This defines frailty as difficulty in
2 or more functional domains (physical, cognitive, sensory, and
nutritive). A score greater than or equal to 3 in more than 1
domain is considered vulnerable.
Tilburg frailty indicator (TFI)26: The TFI consists of 2 parts. Part A
contains 10 questions on determinants of frailty and diseases
(multimorbidity); part B contains 3 domains of frailty (quality of
life, disability, and healthcare utilization) with a total of 15
questions on components of frailty. The threshold above which
the participant is considered as frail is 5 points.
FRAIL-NH score7: This score covers 8 areas (F ¼ fatigue,
R ¼ resistance, A ¼ ambulation, I ¼ incontinence (version 1) or
polypharmacy (version 2), L ¼ weight loss, N ¼ nutritional
approach, H ¼ help with dressing). The sum score ranged from
0 to 14. The FRAIL-NH has a suggested cut-off value of 7 for
frailty.27

Clinical Characteristics Collected
Other sociodemographic and clinical data were collected at base-

line: age, sex, anthropometric measurements, BMI, technical assis-
tance for walking, drug consumption, and the patient’s medical
history. In addition, the following evaluations were carried out: daily
energy expenditure evaluated by the Minnesota Leisure Time Activ-
ities Questionnaire,28 cognitive skills assessed with the Mini-Mental
State Examination,29 Nutritional status estimated by the Mini-
Nutritional Assessment,30 quality of life assessed by both the EQ-5D
31 and the Short Form Health Survey (SF-36) questionnaires,32 activ-
ities of daily living estimated by the Katz index,33 gait and body bal-
ance assessed using the Tinetti,34 the Timed Up and Go,35 and the



F. Buckinx et al. / JAMDA xxx (2017) 1e7 3
Short Physical Performance Battery36 tests, and gait speed and
strength assessed by grip strength, according to the protocol defined
by Roberts et al,37 and the isometric strength of 8 different muscle
groups according to the protocol defined by Buckinx et al,38 body
composition assessed by bioelectrical impedance analysis,39 fear of
falling assessed by an auto-reported questionnaire (Falls self-Efficacy
Scale [FES-1]),40 and peak expiratory flow assessed by the Mini-
Wright’s peak flow meter. Finally, sarcopenia, where present, was
diagnosed with the definition proposed by the European Working
Group on Sarcopenia in Older People. This corresponds to a loss of
muscle mass (ie, assessed by bioelectrical impedance analysis) plus
either a loss of muscle strength (ie, assessed by grip strength) or a loss
of physical performance (ie, assessed by Short Physical Performance
Battery [SPPB] test).36

Occurrence of Falls and Death
The occurrence of negative health outcomes was monitored and

recorded over a 12-month follow-up period. Falls and deaths were
retrospectively collected from the medical records, computerized or
otherwise, available in the institutions. In Belgium, caregivers have an
obligation to keep these data up to date.

Statistical Analysis

Quantitative variables that were normally distributed were
expressed as a mean � standard deviation, and quantitative variables
that were not normally distributed were reported as the median and
percentiles (25th-75th). The Shapiro-Wilk test verified the normal
distribution of all parameters. Qualitative variables were reported as
absolute and relative frequencies (%). The associations between
operational definitions of frailty and negative health outcomes (ie,
falls and deaths) were assessed with ORs and 95% CI. In addition, a
comparison between characteristics of deceased and still alive par-
ticipants, but also between participants who fell and those who did
not, was performed using the Student t test (or nonparametric Mann-
Whitney test) for continuous variables and by means of the c2 test for
categorical variables. Finally, stepwise logistic regression analyses
were used to test the association between clinical characteristics that
differ between the 2 groups and the negative health outcomes. The
data analyses were performed using Statistica12 software (TIBCO
Statistica, Palo Alto, CA). The results were considered statistically
significant when the 2-tailed P values were less than .05.

Results

Population

Out of the 662 participants included in the SENIOR cohort, 584
were monitored during 12 months for a mortality assessment.
Fig. 1. Flow chart
During the study period, 78 participants were lost to the follow-up:
20 participants moved and 58 participants were living in 2 nursing
homes that refused to continue the study for an additional year. The
assessment of falls during the 1 year of follow-up was performed
among 565 participants (ie, we did not obtain the data for 2 nursing
homes (58 participants), and data were incomplete for an addi-
tional 39 participants). The flow chart of this study is presented in
Figure 1.

The SENIOR population, comprising 72.5% women, was aged
83.2 � 8.99 years. All the demographic and clinical characteristics of
this population are described elsewhere.14

Prediction of Falls

Among the 565 participants included in this analysis, 211 (37.3%)
suffered at least 1 fall during the first year of follow-up.

When comparing all the characteristics of participants who fell
at least once during the year of follow-up and participants who did
not fall, some significant differences were observed. Those who fell
were older (P¼ .003) and had a lower BMI (P¼ .006) than those who
did not. Only 1 out of the 11 operational definitions of frailty
assessed was associated with the occurrence of falls after 12months
- the Groningen indicator (OR ¼ 1.56; 95% CI: 1.1-2.41). The fallers
had also a lower calf circumference (P ¼ .003) and a lower arm
circumference (P ¼ .01) than nonfallers. They were also more likely
to use a walking support (P ¼ .02) and to be at risk of malnutrition
(P ¼ .01). They had a lower energy expenditure (P ¼ .01), and they
were more likely to be frail according to the Groningen indicator
(P ¼ .01). The domain “emotional role functioning” of the SF-36 was
lower (P ¼ .02), and the fear of falling was higher (P ¼ .002). Finally,
functional and muscular abilities were lower when assessed with
the Tinetti test (P ¼ .0002), the TUG test (P ¼ .001), the SPPB test
(P < .0001), as were the grip strength (P ¼ .0002) and the isometric
strength of 8 different muscle groups (P value ranged between .01
and .0003) (Table 1).

After adjustment on all variables that were significantly
different between falling participants and nonfalling participants,
only the Tinetti test (P ¼ .04), the grip strength (P ¼ .03), and the
isometric strength of the elbow extensors (P ¼ .04) were signifi-
cantly associated independently with the occurrence of falls at
1 year. The higher the score in these tests, the less risk of falling
(Table 2).

Prediction of Death

Among the 584 participants included in the mortality assessment,
93 (15.9%) died during the first year of follow-up.

When comparing baseline clinical characteristics of participants
who died during the year of follow-up and those still alive at the end
of the study.



Table 1
Clinical Characteristics of Participants Falling and Those Not Falling

Characteristics Have Fallen
(n ¼ 211)

Did Not Fall
(n ¼ 354)

P Value

Age (y) 84.3 � 8.5 81.9 � 9.4 .003
Sex (women) 164 (77.7) 249 (70.3) .14
BMI (kg/m2) 25.2 � 5.7 26.6 � 5.4 .006
Frailty assessment
Fried definition (yes) 122 (57.8) 181 (51.2) .17
Tilburg instrument (yes) 82 (36.4) 102 (28.1) .37
Strawbridge questionnaire (yes) 84 (37.3) 90 (24.8) .60
Share frailty instrument (yes) 65 (28.9) 98 (26.9) .07
Sega gird (yes) 116 (54.9) 124 (35.1) .65
Groningen indicator (yes) 158 (74.9) 232 (65.5) .01
Frailty index (yes) 10 (4.44) 14 (3.45) .58
Frailty scale status (yes) 36 (16) 41 (11.3) .60
Edmonton scale (yes) 120 (56.9) 182 (51.4) .83
Clinical frailty scale (yes) 82 (36.4) 108 (29.8) .63
Frail-NH version 1 (yes) 15 (7.11) 19 (5.37) .40
Frail-NH version 2 (yes) 35 (16.6) 48 (13.6) .33

Waist circumference (cm) 97 � 13.4 122 � 47 .37
Calf circumference (cm) 32.5 � 4.4 33.6 � 4.2 .003
Arm circumference (cm) 27.6 � 4.4 28.7 � 5.7 .01
Wrist circumference (cm) 16.6 � 2.4 16.8 � 2.5 .4
Walking support (yes) 134 (63.5) 185 (52.2) .02
Drugs consumed (number) 10.4 � 3.9 9.9 � 6.6 .36
Medical history (number) 5.8 � 3.8 5.2 � 3.7 .18
MMSE (/30) 24.1 � 4.3 24.4 � 4.4 .41
Minnesota (kcal/d) 728 � 708 911 � 714 .01
MNA
Normal nutritional status 124 (58.8) 245 (69.2) .09
Risk of malnutrition 70 (33.2) 72 (20.3) .01
Malnutrition 15 (7.1) 20 (5.6) .80

Body composition
ALM/ht2 (kg/m2) 8.5 � 4.5 8.6 � 2.8 .8
Body fat (%) 25.8 � 12.7 26.9 � 12.2 .32
Sarcopenia (yes) 85 (40.3) 120 (33.9) .09

SF-36
Physical functioning 0.41 � 0.28 0.59 � 0.27 .17
Social role functioning 0.86 � 0.20 0.88 � 0.21 .30
Physical role functioning 0.82 � 0.34 0.87 � 0.32 .17
Vitality 0.46 � 0.19 0.49 � 0.36 .23
Bodily pain 0.72 � 0.28 0.84 � 0.39 .46
General health perception 0.63 � 0.18 0.65 � 0.20 .21
Emotional role functioning 0.89 � 0.30 0.94 � 0.22 .02
Mental heath 0.61 � 0.22 0.63 � 0.21 .33

EuroQol five dimensions
questionnaire (EQ-5D)

0.54 � 0.23 0.57 � 0.25 .39

EuroQol- Visual Analogue Scale
(EQ-VAS) (%)

69.2 � 15.1 69.6 � 18.1 .81

Katz score (6-24) 11.7 � 3.3 11.3 � 5.3 .34
Fear of falling (/64) 34.7 � 16.6 30.3 � 16.2 .002
Tinetti test (/28) 21.1 � 6.6 23.1 � 5.7 .0002
TUG test (seconds) 29.2 � 23.9 23.7 � 16.2 .001
SPPB test (/12) 4.7 � 2.9 5.9 � 3.3 <.0001
Gait speed (m/s) 0.65 � 0.32 0.74 � 0.36 .07
Grip strength (kg) 16.7 � 8.2 20.4 � 12.8 .0002
Peak expiratory flow (mL/min) 142 � 81.9 150 � 93.9 .32
Isometric strength
Knee flexors (N) 78.5 � 39.8 92.8 � 37.8 .0006
Knee extensors (N) 90.2 � 43.1 110.9 � 57.9 .0003
Ankle flexors (N) 65.6 � 31.7 83.7 � 41.2 .005
Ankle extensors (N) 81.6 � 35.9 96.1 � 59.5 .01
Hip abductors (N) 65.9 � 35.8 75.7 � 43.3 .03
Hip extensors (N) 67.8 � 43.4 82.5 � 49.8 .004
Elbow flexors (N) 84.8 � 37.6 96.1 � 42.5 .01
Elbow extensors (N) 58.3 � 26.6 67.3 � 29.9 .004

ALM/ht2, appendicular lean mass divided by height square; MMSE, Mini-Mental
State Examination; MNA, Mini-Nutritional Assessment; NH, nursing home; TUG,
Timed Up and Go.

Table 2
Association Between Clinical Characteristics and the 1-Year Risk of Falling After
Adjustment

Clinical Characteristics OR (95% CI)

Tinetti test 0.93 (0.87e0.98)
Grip strength 0.95 (0.9e0.98)
Isometric strength of the elbow extensors 0.93 (0.89e0.97)
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of the year, the first group was significantly older (P ¼ .007) and the
proportion of women was lower (P ¼ .04) than in the second group.
Two out of the 11 operational definitions of frailty assessed seemed to
predict the 1-year mortality among nursing home residents: the
Tilburg Indicator (OR ¼ 2.2; 95% CI: 1.41-3.47), and the Share Frailty
Instrument (OR¼ 1.94; 95% CI: 1.21-3.09). Deceased participants were
also more likely to live in nursing homes with care (P ¼ .01) than
nondeceased ones. They had a lower arm circumference (P ¼ .02) as
well as a lower percent of body fat (P ¼ .04). Deceased participants
were also more likely to be sarcopenic (P ¼ .001). The items “general
health perception” and “emotional role functioning” of the SF-36 were
also lower (P ¼ .009 and .001, respectively). Finally, physical perfor-
mance, assessed with the Tinetti test (P < .0001) and the SPPB test
(P < .0001), were lower among deceased participants than among
those still living (Table 3).

After adjustment on all variables that were significantly different
between deceased participants and those still living, being a man (OR:
1.89, 95% CI: 1.19-3.01, P ¼ .002) and the presence of sarcopenia
(OR ¼ 1.7, 95% CI: 1.1-2.92, P ¼ .03) were independent factors associ-
ated with 1-year mortality (Table 4).
Discussion

The number of people living in nursing homes increases in line
with the aging of the population. In Belgium, 125,000 people live in
nursing homes; this is about 8% of people aged 65 years or older and
more than 42% of those over 85 years .41 The most frequent events
causing the most consequences in nursing homes include falls and
deaths.2,3 Also note that delirium, undernutrition, and polypharmacy
are common in this setting.42,43 To adequately prevent these negative
health outcomes, it is necessary to identify the risk factors. Therefore,
this study, performed in nursing homes, aimed to evaluate the extent
to which the various operational definitions of frailty predict falls and
mortality at 1 year. A large number of confounding clinical variables
were also taken into account in this analysis, included original mea-
surement of the isometric strength of 8 different muscle groups.

In this study, none of the operational definitions of frailty has
shown its ability to predict falls at 1 year. A 9-year longitudinal study
published in 2015 highlighted that the FRAIL-NH predicts incident
falls among nursing home residents.27 Our results did not confirm this
fact. We have 2 hypotheses that can explain this difference. The first is
that Luo et al27 used a cut-off of 5 to determine frailty with the FRAIL-
NH while we used the cut-off value of 7, as originally foreseen.7 The
second is that the population is probably different because of the
difference between nursing homes in different countries and because
of the selection criteria of the SENIOR population (the frailest partic-
ipants were probably excluded).

Nevertheless, our results are consistent with the literature
regarding the independent risk factors for falls among the elderly. The
SENIOR study revealed 3 important variables associated with the
occurrence of falls.

The first is the Tinetti test, which is a tool designed to assess the
risk of falls in the elderly.44 The Tinetti score was significantly
associatedwith recurrent falls (OR¼ 1.66; 95% CI: 1.03-2.67) in a
population of community-dwelling older people followed dur-
ing one year.45 These results are consistent with those presented
in this article confirming the importance of optimal body bal-
ance and gait in the prevention of falls.



Table 3
Clinical Characteristics of Deceased Participants and Those Still Living

Characteristics Deceased
(n ¼ 93)

Not Deceased
(n ¼ 491)

P Value

Age (y) 85.2 � 7.982 82.4 � 9.2 .007
Sex (female) 57 (61.3) 368 (74.9) .04
BMI (kg/m2) 26.1 � 5.6 25.3 � 5.7 .17
Frailty assessment
Fried definition (yes) 38 (42.2) 118 (22.8) .06
Tilburg instrument (yes) 51 (54.8) 197 (40.0) .02
Strawbridge questionnaire (yes) 59 (65.5) 286 (55.5) .13
Share frailty instrument (yes) 51 (54.8) 190 (38.6) .01
Sega gird (yes) 54 (58.1) 308 (62.7) .91
Groningen indicator (yes) 69 (76.7) 353 (68.1) .25
Frailty Index (yes) 50 (55.6) 300 (57.9) .94
Frailty Scale Status (yes) 35 (38.9) 286 (55.5) .20
Edmonton scale (yes) 70 (75.3) 217 (44.2) .16
Clinical Frailty Scale (yes) 22 (24.4) 66 (11.9) .81
Frail-NH version 1 (yes) 7 (7.53) 28 (5.69) .49
Frail-NH version 2 (yes) 15 (13.2) 70 (14.2) .35

Waist circumference (cm) 98.2 � 13.6 115 � 33.5 .64
Calf circumference (cm) 32.7 � 4.2 33.2 � 4.3 .85
Arm circumference (cm) 27 � 4.6 28.4 � 5.3 .02
Wrist circumference (cm) 16.7 � 2.6 16.6 � 2.5 .60
Walking support (yes)
Drugs consumed (number) 10.1 � 5.9 10.1 � 4.3 .95
Medical history (number) 4.8 � 3.3 5.5 � 3.8 .22
MMSE (/30) 23.4 � 5.1 24.2 � 4.5 .07
Minnesota (kcal/d) 735 � 956 868 � 819 .17
MNA
Normal nutritional status 52 (55.9) 330 (67.0) .08
Risk of malnutrition 31 (33.3) 120 (24.4) .16
Malnutrition 7 (7.5) 28 (5.7) .77

Body composition
ALM/ht2 (kg/m2) 8.2 � 1.9 8.6 � 3.6 .32
Body fat (%) 23.4 � 12.2 26.6 � 13 .04

Sarcopenia (yes) 50 (53.7) 162 (32.9) .001
SF-36
Physical functioning 0.39 � 0.28 0.54 � 0.29 .36
Social role functioning 0.84 � 0.24 0.88 � 0.20 .12
Physical role functioning 0.83 � 0.35 0.86 � 0.33 .56
Vitality 0.43 � 0.18 0.49 � 0.32 .09
Bodily pain 0.71 � 0.30 0.81 � 0.22 .60
General health perception 0.59 � 0.20 0.65 � 0.19 .009
Emotional role functioning 0.84 � 0.22 0.94 � 0.35 .001
Mental heath 0.61 � 0.21 0.63 � 0.21 .46

EQ-5D 0.55 � 0.26 0.57 � 0.23 .34
EQ-VAS (%) 66.2 � 15.9 69.8 � 17.8 .07
Katz score (6-24) 12.3 � 4.1 11.3 � 4.7 .06
Fear of falling (/64) 32.5 � 15.1 31.6 � 16.4 .63
Tinetti test (/28) 20.1 � 5.9 22.7 � 6.9 <.0001
TUG test (s) 28.4 � 27.6 25.3 � 17.8 .17
SPPB test (/12) 4.5 � 3.1 5.7 � 3.2 <.0001
Gait speed (m/s) 0.67 � 0.34 0.70 � 0.34 .51
Grip strength (kg) 17.3 � 9.8 19.2 � 11.6 .15
Peak expiratory flow (mL/min) 132 � 73.6 149 � 91.8 .11
Isometric strength
Knee flexors (N) 77 � 39.1 88 � 38.5 .49
Knee extensors (N) 95.6 � 54.8 103 � 47.2 .27
Ankle flexors (N) 64.8 � 34.9 78.4 � 64.8 .10
Ankle extensors (N) 87.2 � 53.9 90.8 � 40.4 .62
Hip abductors (N) 65.9 � 37.1 72.4 � 41.2 .96
Hip extensors (N) 69.5 � 43.4 77.7 � 48.6 .23
Elbow flexors (N) 83.7 � 37.4 92.3 � 41.8 .14
Elbow extensors (N) 63.3 � 28 62.3 � 29.2 .70

MMSE, Mini-Mental State Examination; MNA, Mini-Nutritional Assessment; NH,
nursing home; TUG, Timed Up and Go.

Table 4
Association Between Clinical Characteristics and the 1-Year Risk of Death After
Adjustment

Clinical Characteristics OR (95% CI)

Sex (male) 1.89 (1.19e3.01)
Presence of sarcopenia 1.70 (1.10e2.92)
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The second is the grip strength which is thought to reflect
general body strength and has been used as a predictor of falls in
epidemiologic studies. For example, a 3-year prospective cohort
study of 1365 community-dwelling persons, aged 65 years and
older, highlighted that grip strength was an independent pre-
dictor of recurrent falls (OR ¼ 2.32; 95% CI 1.71-3.13).46 The
association was stronger than in the SENIOR cohort but can be
explained by the differences in the outcomes (ie, recurrent falls
and at least 1 fall in the SENIOR study) and in the population
under study (ie, community-dwelling people and nursing home
residents in the SENIOR study).
The third is the isometric strength of the elbow extensors, which
has been poorly investigated in the scientific literature related to
the risk of falls. A hypothesis is that participants weak at the
triceps level have more difficulty to react when they lose balance
or when they stumble and, therefore, are more likely to fall. A
systematic review and meta-analysis published in 2004,
including prospective cohort studies that included measurement
of muscle strength with follow-up for occurrence of falls among
older adults, showed that tricep strength was at the limit of the
significance for the risk of falls (ie, OR ¼ 1.3; 95% CI:1.0-1.8).47

In summary, after adjustment for confounding variables, only the
Tinetti test, the grip strength, and the isometric strength of the elbow
extensors were independently associated with the occurrence of falls.

From a clinical point of view, it seems important to note that, even
if after adjustments of these variables were no longer significant, the
fallers had a significantly lower maximal isometric strength than the
nonfallers in univariate analysis. This was true for the 8muscle groups
tested. This is the first study that evaluated the relationship between
the isometric strength and the risk of falls among nursing home res-
idents, but these measurements, although promising, would require
further investigation. Indeed, it is recognized that maximal isometric
strength is associated with physical functional capacity among elderly
people.48 The maintenance of adequate strength could, therefore, be
favorable for the mobility and for the risk of falls among the elderly.

This study has also shown that among 11 current definitions of
frailty, none was sufficiently sensitive to predict mortality at 1 year.
Nevertheless, a recent systematic review highlighted that 2 tools
appear as potentially relevant for screening frailty in a primary care
setting49: the Tilburg Indicator and the Share Frailty Instrument.
Indeed, Pialoux showed that these tools had very good psychometric
properties and were predictive of mortality. Although the present
SENIOR study shows a trend in these variables to predict death in
univariate analysis, these data were not confirmed in multivariate
analysis. Luo et al27 showed that the FRAIL-NH predicts mortality
(hazard ratio: 2-3.73). This has not been confirmed in the SENIOR
study, probably because of the difference in population included and
in cut-off used. Because 1 operational definition of frailty has been
previously validated in a cohort of nursing home residents, the
absence of a predictive value of the frailty definitions found in our
study needs to be confirmed in further prospective studies. The pre-
dictive value for mortality of the Frailty Index proposed by Rockwood
has been tested in the INCUR study (ie, the Incidence of pNeumonia
and related ConseqUences in nursing home Residents), which is a
longitudinal cohort study of 773 older persons living in 13 French
nursing homes.50 A positive association between the frailty index and
1-year mortality has been found in this study, but this significant as-
sociation has not been confirmed in the SENIOR study. However, the
INCUR study took into account very few confounding clinical variables
and the results of this study were only adjusted for age and sex, which
may explain the difference with the results observed in the SENIOR
cohort. In addition, it is acknowledged the predictive value of the
Frailty Index decreases for persons with many deficits because of the
ceiling effect.50 Thus, probably this association was weaker in our
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cohort of nursing home residents because they had many deficits and
were closer to one outcome (ie, mortality). A new tool, the multidi-
mensional prognostic index, has been found to predict mortality in
patients with a variety of clinical conditions.51e54 Currently, no study
has validated this tool in a cohort of nursing home residents. It would
be interesting to validate the multidimensional prognostic index in
this specific population to obtain data complementary to those pro-
vided by other operational definitions of frailty regarding the pre-
diction of negative health outcomes.

After adjustment on confounding variables, frailty was not inde-
pendently associatedwithmortality in the SENIOR cohort whereas the
male sex and the presence of sarcopenia were predictive of death. The
association between sarcopenia and mortality has already been
highlighted in other studies and has been confirmed in the present
study in a specific population of nursing home residents. The meta-
analysis by Beaudart et al, including 12 studies, showed a higher
rate of mortality among sarcopenic participants (OR ¼ 3.596; 95% CI:
2.96-4.37).55 Out of the 12 studies included in the analysis, 2 con-
cerned nursing home residents. The subgroup analysis, performed on
these 2 studies, also shows that participants with sarcopenia were at
higher risk of death compared with participants without sarcopenia
(OR ¼ 3.32; 95% CI: 1.84-5.98).55 Several recent studies have also
demonstrated that the male sex was a risk factor for death. For
example, a point scoring system to predict the 10-year mortality was
developed based on a prospective cohort study of 2244 elderly in-
dividuals (older than 60 years of age) from the southwest Seoul Study.
This score includes the following variables: age, male sex, smoking,
diabetes, systolic blood pressure, triglyceride, total cholesterol, white
blood cell count, and hemoglobin. In this study, being a man is asso-
ciated with mortality (hazard ratio ¼ 1.84; 95% CI: 1.41-2.39). These
data are consistent with those of the SENIOR cohort (ie, OR¼ 1.89; 95%
CI: 1.19-3.01).56 Another longitudinal study of 1011 elderly dependent
patients living at homemonitored over 1 year shows that women have
a lower risk of death (OR ¼ 0.67; 95% CI: 0.50-0.91), which is consis-
tent with our results.57

This study has limitations that suggest caution in the interpreta-
tion of the results. Foremost, the external validity of this study is
limited due to the selection criteria of the SENIOR population. Indeed,
to be included in the SENIOR study, residents needed to volunteer to
participate and be able to walk. The frailest participants have probably
been excluded from this analysis, which may have limited the pre-
dictive value of the operational definitions of frailty. The nursing home
population is very heterogeneous making the results sensitive to the
selection criteria. The values of 11 different operational definitions of
frailty for predicting the occurrence of negative health outcomes were
tested, but there are many other definitions. A recent meta-analysis
identified more than 60 such operational definitions of frailty
including different dimensions (ie, physical, emotional, psychosocial,
etc.). The choice of one or other definition can lead to totally different
results. Finally, a limitation to bear in mind is that only a small part of
the explanatory variables for falls and death were taken into account.
Indeed, these health outcomes are multifactorial, and very few studies
have been exhaustive.

The present study offers interesting perspectives. The first is to
confirm these data over the long term but also in other prospective
cohorts of institutionalized participants to identify the most appro-
priate definition of frailty in the specific population of nursing home
residents. This manuscript also suggests that, beyond the frailty status,
some clinical data would deserve more attention with respect to the
prediction of negative health events. The predictive factors of adverse
outcomes identified in this study have a significant clinical impact.
Medical strategy, or adapted physical activity, with the aim of
improving specific isometric muscle strength and mobility could
reduce the occurrence of falls, and even deaths, among the institu-
tionalized populations.
In conclusion, within the scope of the operational definitions of
frailty assessed, none is predictive of short-term occurrence of falls
and deaths among nursing home residents. Globally, the frequency of
undesirable health outcomes seems to be higher among participants
with lower muscle strength and mobility. When taking into account
potential confounding characteristics, after a 12-month follow-up
period, the male sex and the presence of sarcopenia are indepen-
dently associated with mortality, whereas the Tinetti test, grip
strength, and isometric strength of the elbow extensors are associated
with the occurrence of falls. In view of these results, there is a po-
tential to reduce falls and deaths significantly by means of strategical
public health and clinical interventions.

Acknowledgments

The authors would like to thank all the participants who partici-
pated in this study. We also thank directory and healthcare staff from
the nursing homes for their collaboration in the study.

References

1. Kannus P, Parkkari J, Niemi S, Palvanen M. Fall-induced deaths among elderly
people. Am J Public Health 2005;95:422e424.

2. Goldberg TH, Botero A. Causes of death in elderly nursing home residents. J Am
Med Dir Assoc 2008;9:565e567.

3. Vu MQ, Weintraub N, Rubenstein LZ. Falls in the nursing home: Are they
preventable? J Am Med Dir Assoc 2006;7:S53eS58. 52.

4. Clegg A, Young J, Iliffe S, et al. Frailty in elderly people. Lancet 2013;381:
752e762.

5. Morley JE, Vellas B, van Kan GA, et al. Frailty consensus: A call to action. J Am
Med Dir Assoc 2013;14:392e397.

6. Buta BJ, Walston JD, Godino JG, et al. Frailty assessment instruments: Sys-
tematic characterization of the uses and contexts of highly-cited instruments.
Ageing Res Rev 2016;26:53e61.

7. Kaehr E, Visvanathan R, Malmstrom TK, Morley JE. Frailty in nursing homes:
The FRAIL-NH Scale. J Am Med Dir Assoc 2015;16:87e89.

8. Vermeiren S, Vella-Azzopardi R, Beckwee D, et al. Frailty and the prediction of
negative health outcomes: A meta-analysis. J Am Med Dir Assoc 2016;17:1163.
e1e1163.e17.

9. Ambrose AF, Paul G, Hausdorff JM. Risk factors for falls among older adults: A
review of the literature. Maturitas 2013;75:51e61.

10. Dierking L, Markides K, Al Snih S, Kristen Peek M. Fear of falling in older
Mexican Americans: A longitudinal study of incidence and predictive factors.
J Am Geriatr Soc 2016;64:2560e2565.

11. Greenberg SA, Sullivan-Marx E, Sommers ML, et al. Measuring fear of falling
among high-risk, urban, community-dwelling older adults. Geriatr Nurs 2016;
37:489e495.

12. Sartini M, Cristina ML, Spagnolo AM, et al. The epidemiology of domestic
injurious falls in a community dwelling elderly population: An outgrowing
economic burden. Eur J Public Health 2010;20:604e606.

13. Buckinx F, Beaudart C, Slomian J, et al. Added value of a triaxial accelerometer
assessing gait parameters to predict falls and mortality among nursing home
residents: A two-year prospective study. Technol Health Care 2015;23:
195e203.

14. Buckinx F, Reginster JY, Petermans J, et al. Relationship between frailty,
physical performance and quality of life among nursing home residents: The
SENIOR cohort. Aging Clin Exp Res 2016;28:1149e1157.

15. Rockwood K, Mitnitski A. Frailty defined by deficit accumulation and geriatric
medicine defined by frailty. Clin Geriatr Med 2011;27:17e26.

16. Rolfson DB, Majumdar SR, Tsuyuki RT, et al. Validity and reliability of the
Edmonton Frail Scale. Age Ageing 2006;35:526e529.

17. Morley JE, Malmstrom TK, Miller DK. A simple frailty questionnaire (FRAIL)
predicts outcomes in middle aged African Americans. J Nutr Health Aging
2012;16:601e608.

18. Searle SD, Mitnitski A, Gahbauer EA, et al. A standard procedure for creating a
frailty index. BMC Geriatr 2008;8:24.

19. Rockwood K. AM. How might deficit accumulation give rise to frailty? J Frailty
Aging 2012;1:8e12.

20. Mitnitski A, Collerton J, Martin-Ruiz C, et al. Age-related frailty and its asso-
ciation with biological markers of ageing. BMC Med 2015;13:161.

21. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: Evidence for a
phenotype. J Gerontol A Biol Sci Med Sci 2001;56:M146eM156.

22. Baitar A, Van Fraeyenhove F, Vandebroek A, et al. Evaluation of the Groningen
Frailty Indicator and the G8 questionnaire as screening tools for frailty in older
patients with cancer. J Geriatr Oncol 2013;4:32e38.

23. Schoevaerdts D, Malhomme B, Rezette C, et al. Identification précoce du profil
gériatrique en salle d’urgences : Présentation de la grille SEGA. La Revue de
Gériatrie 2004;29:169e178.

http://refhub.elsevier.com/S1525-8610(17)30357-2/sref1
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref1
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref1
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref2
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref2
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref2
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref3
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref3
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref3
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref4
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref4
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref4
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref5
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref5
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref5
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref6
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref6
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref6
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref6
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref7
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref7
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref7
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref8
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref8
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref8
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref8
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref9
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref9
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref9
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref10
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref10
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref10
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref10
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref11
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref11
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref11
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref11
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref12
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref12
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref12
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref12
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref13
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref13
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref13
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref13
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref13
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref14
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref14
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref14
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref14
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref15
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref15
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref15
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref16
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref16
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref16
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref17
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref17
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref17
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref17
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref18
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref18
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref19
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref19
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref19
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref20
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref20
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref21
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref21
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref21
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref22
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref22
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref22
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref22
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref23
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref23
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref23
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref23


F. Buckinx et al. / JAMDA xxx (2017) 1e7 7
24. Romero-Ortuno R, Walsh CD, Lawlor BA, Kenny RA. A frailty instrument for
primary care: Findings from the Survey of Health, Ageing and Retirement in
Europe (SHARE). BMC Geriatr 2010;10:57.

25. Strawbridge WJ, Shema SJ, Balfour JL, et al. Antecedents of frailty over three
decades in an older cohort. J Gerontol B Psychol Sci Soc Sci 1998;53:S9eS16.

26. Gobbens RJ, van Assen MA, Luijkx KG, et al. The Tilburg Frailty Indicator:
Psychometric properties. J Am Med Dir Assoc 2010;11:344e355.

27. Luo H, Lum TY, Wong GH, et al. Predicting adverse health outcomes in nursing
homes: A 9-year longitudinal study and development of the FRAIL-Minimum
Data Set (MDS) quick screening tool. J Am Med Dir Assoc 2015;16:
1042e1047.

28. Taylor HL, Jacobs DR Jr, Schucker B, et al. A questionnaire for the assessment of
leisure time physical activities. J Chronic Dis 1978;31:741e755.

29. Tombaugh TN, McIntyre NJ. The Mini-Mental State Examination: A compre-
hensive review. J Am Geriatr Soc 1992;40:922e935.

30. Vellas B, Villars H, Abellan G, et al. Overview of the MNAdIts history and
challenges. J Nutr Health Aging 2006;10:456e463. discussion 463e455.

31. Cleemput I. A social preference valuations set for EQ-5D health states in
Flanders, Belgium. Eur J Health Econ 2010;11:205e213.

32. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36).
I. Conceptual framework and item selection. Med Care 1992;30:473e483.

33. Katz S, Ford AB, Moskowitz RW, et al. Studies of illness in the aged. The index of
ADL: A standardized measure of biological and psychosocial function. JAMA
1963;185:914e919.

34. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons
living in the community. N Engl J Med 1988;319:1701e1707.

35. Podsiadlo D, Richardson S. The timed “Up & Go”: A test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc 1991;39:142e148.

36. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia: European consensus on
definition and diagnosis: Report of the EuropeanWorking Group on Sarcopenia
in Older People. Age Ageing 2010;39:412e423.

37. Roberts HC, Denison HJ, Martin HJ, et al. A review of the measurement of grip
strength in clinical and epidemiological studies: Towards a standardised
approach. Age Ageing 2011;40:423e429.

38. Buckinx F, Croisier J, Reginster J, et al. Reliability of muscle strength measures
obtained with a hand-held dynamometer in an elderly population. Clin Physiol
Functional Imaging 2015;37:332e340.

39. Buckinx F, Reginster JY, Dardenne N, et al. Concordance between muscle mass
assessed by bioelectrical impedance analysis and by dual energy X-ray ab-
sorptiometry: A cross-sectional study. BMC Musculoskelet Disord 2015;16:60.

40. Dewan N, MacDermid JC. Fall Efficacy Scale-International (FES-I). J Physiother
2014;60:60.

41. Van den Bosch K, Geerts J, Breda J, et al. Soins résidentiels pour les personnes
âgées en belgique: Projections 2011e2025. Centre Fédéral d’Expertise des
Soins de Santé. 2011:1e103.
42. Cool C, Cestac P, Laborde C, et al. Potentially inappropriate drug prescribing
and associated factors in nursing homes. J Am Med Dir Assoc 2014;15:850.
e1e850.e9.

43. Kosar CM, Thomas KS, Inouye SK, Mor V. Delirium during postacute nursing
home admission and risk for adverse outcomes. J Am Geriatr Soc 2017;65:
1470e1475.

44. Tinetti ME. Performance-oriented assessment of mobility problems in elderly
patients. J Am Geriatr Soc 1986;34:119e126.

45. Tinetti ME, Inouye SK, Gill TM, Doucette JT. Shared risk factors for falls, in-
continence, and functional dependence. Unifying the approach to geriatric
syndromes. JAMA 1995;273:1348e1353.

46. Pluijm SM, Smit JH, Tromp EA, et al. A risk profile for identifying community-
dwelling elderly with a high risk of recurrent falling: Results of a 3-year pro-
spective study. Osteoporos Int 2006;17:417e425.

47. Moreland JD, Richardson JA, Goldsmith CH, Clase CM. Muscle weakness and
falls in older adults: A systematic review and meta-analysis. J Am Geriatr Soc
2004;52:1121e1129.

48. Rantanen T, Era P, Heikkinen E. Maximal isometric strength and mobility
among 75-year-old men and women. Age Ageing 1994;23:132e137.

49. Pialoux T, Goyard J, Lesourd B. Screening tools for frailty in primary health care:
A systematic review. Geriatr Gerontol Int 2012;12:189e197.

50. Tabue-Teguo M, Kelaiditi E, Demougeot L, et al. Frailty index and mortality in
nursing home residents in France: Results from the INCUR study. J Am Med Dir
Assoc 2015;16:603e606.

51. Angleman SB, Santoni G, Pilotto A, et al. Multidimensional prognostic index in
association with future mortality and number of hospital days in a population-
based sample of older adults: Results of the EU Funded MPI_AGE Project. PLoS
One 2015;10:e0133789.

52. Gallucci M, Battistella G, Bergamelli C, et al. Multidimensional prognostic index
in a cognitive impairment outpatient setting: Mortality and hospitalizations.
The Treviso Dementia (TREDEM) study. J Alzheimers Dis 2014;42:1461e1468.

53. Pilotto A, Sancarlo D, Pellegrini F, et al. The multidimensional prognostic index
predicts in-hospital length of stay in older patients: A multicentre prospective
study. Age Ageing 2016;45:90e96.

54. Volpato S, Bazzano S, Fontana A, et al. Multidimensional Prognostic Index
predicts mortality and length of stay during hospitalization in the older pa-
tients: A multicenter prospective study. J Gerontol A Biol Sci Med Sci 2015;70:
325e331.

55. Beaudart C, Zaaria M, Pasleau F, et al. Health outcomes of sarcopenia: A Sys-
tematic review and meta-analysis. PLoS One 2017;12:e0169548.

56. Kim NH, Cho HJ, Kim S, et al. Predictive mortality index for community-
dwelling elderly Koreans. Medicine (Baltimore) 2016;95:e2696.

57. Gene Badia J, Borras Santos A, Contel Segura JC, et al. Predictors of mortality
among elderly dependent home care patients. BMC Health Serv Res 2013;
13:316.

http://refhub.elsevier.com/S1525-8610(17)30357-2/sref24
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref24
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref24
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref25
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref25
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref25
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref26
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref26
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref26
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref27
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref27
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref27
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref27
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref27
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref28
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref28
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref28
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref29
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref29
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref29
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref30
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref30
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref30
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref30
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref30
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref31
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref31
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref31
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref32
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref32
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref32
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref33
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref33
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref33
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref33
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref34
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref34
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref34
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref35
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref35
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref35
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref36
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref36
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref36
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref36
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref37
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref37
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref37
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref37
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref38
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref38
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref38
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref38
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref39
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref39
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref39
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref40
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref40
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref42
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref42
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref42
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref42
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref43
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref43
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref43
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref43
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref44
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref44
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref44
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref45
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref45
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref45
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref45
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref46
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref46
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref46
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref46
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref47
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref47
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref47
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref47
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref48
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref48
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref48
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref49
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref49
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref49
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref50
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref50
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref50
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref50
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref51
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref51
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref51
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref51
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref52
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref52
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref52
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref52
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref53
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref53
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref53
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref53
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref54
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref54
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref54
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref54
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref54
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref55
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref55
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref56
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref56
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref57
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref57
http://refhub.elsevier.com/S1525-8610(17)30357-2/sref57

	Prediction of the Incidence of Falls and Deaths Among Elderly Nursing Home Residents: The SENIOR Study
	Methods
	Study Design
	Population
	Data Collected
	Diagnosis of frailty
	Clinical Characteristics Collected
	Occurrence of Falls and Death

	Statistical Analysis

	Results
	Population
	Prediction of Falls
	Prediction of Death

	Discussion
	Acknowledgments
	References


