
Dr	Drevet	Sabine,	Grenoble
22	novembre	2018

1

Evaluation	de	la	fragilité	
aux	urgences	et	en	réanimation



2

Vieillissement
=

Profils	Hétérogènes	



3

Vieillissement	de	population

Plus	de	75	ans	
9,1%	 à 15,6%	en	2050

Réanimation
Plus	de	80	ans	
16%	des	admissions	2005
à 20-25%	actuellement

Urgences
Plus	de	75	ans

16%	des	consultations
60	- 75%	hospitalisés

En 2060, il y a encore 150 000 naissan-
ces de plus que de décès. Dans le
scénario de fécondité basse, les nais-
sances sont moins nombreuses que les
décès à partir de 2040 et la population se
stabilise autour de 70 millions d’habitants.
Les variantes sur le solde migratoire
offrent aussi un éventail très large car
l’évolution future de cette composante est
particulièrement incertaine. La variante
haute (solde migratoire de 150 000
personnes en plus par an) est ainsi trois
fois supérieure à la variante basse
(+ 50 000). En 2060, il y a 7,1 millions
d’habitants de plus dans la projection avec
la variante haute du solde migratoire que
dans celle avec la variante basse.
Les variantes sur les hypothèses de
mortalité aboutissent également à
plusieurs évolutions possibles : la
variante haute d’espérance de vie
suppose une espérance de vie à la nais-
sance en 2060 de cinq années supé-
rieure à la variante basse, ce qui se
traduit par 3,6 millions d’habitants
supplémentaires en 2060.
Cependant, quelle que soit la variante
retenue, la proportion de personnes de
60 ans ou plus dans la population sera
toujours en forte hausse et supérieure à
30 % dès 2035 (graphique 3).
De même, le rapport entre le nombre de
personnes d’« âge inactif » (moins de
20 ans ou 60 ans et plus) et d’« âge
actif » (entre 20 et 59 ans), appelé aussi
ratio de dépendance économique,
augmentera selon toutes les variantes
(graphique 4). En 2007, i l y avait
86 personnes d’« âge inactif » pour 100
d’« âge actif » ; il y en aurait 114 pour
100 en 2035 selon le scénario central,
puis 118 en 2060. Pour maintenir le ratio
de dépendance économique à son
niveau observé en 2007, il faudrait alors
en modifier les bornes et faire passer
l’âge pivot de la définition à 68 ans en
2060 au lieu des 60 ans conventionnelle-
ment retenus actuellement.

En 2060, la part des plus
de 60 ans dans la population
dépendra surtout des gains

d’espérance de vie
Ce sont les hypothèses sur la mortalité
qui ont le plus d’impact à long terme sur la
part des plus de 60 ans dans la popula-
tion et sur le ratio de dépendance écono-
mique. Plus les gains d’espérance de vie
sont importants, plus la part des 60 ans et

plus dans la population et le ratio de
dépendance économique augmentent.
Les hypothèses sur la fécondité condui-
sent, elles aussi, à des divergences
fortes avec le scénario central sur la part
des 60 ans ou plus mais beaucoup
moins sur le ratio de dépendance écono-
mique. Les variantes basse et haute de
fécondité aboutissent en effet au même
ratio de dépendance économique en
2060, après avoir fortement divergé
jusqu’en 2032 (graphique 4).
Mais quelles que soient ces hypothèses
sur la mortalité et la fécondité, l’augmen-
tation de la part des personnes âgées de
plus de 60 ans est inéluctable : elle est

inscrite dans l’actuelle pyramide des
âges, les personnes qui atteindront
60 ans à l’horizon 2060 étant déjà toutes
nées (en 1999 ou avant). Ces généra-
tions sont très nombreuses et la plupart
de ces personnes vivront au-delà de
60 ans. Si bien que même si l’on faisait
l’hypothèse, improbable compte tenu
des évolutions passées, que les risques
de décéder à chaque âge restaient à leur
niveau de 2009, 94 % des femmes et 88 %
des hommes nés en 2009 atteindraient
tout de même l’âge de 60 ans. Le ratio de
dépendance économique augmenterait
alors de 86 en 2007 à 110 en 2035 pour se
stabiliser à 106 en 2060.
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Homme Femme
Espérance	de	
vie	à	la	
naissance

76 83

Espérance	de	
vie	à	75	ans 10 13

Espérance	de	
vie	à	85	ans 6 7

Espérance	de	
vie	à	90	ans 3 4

Bagshaw	SM,	Crit	Care,	2009	

Transition	démographique
Espérance	de	vie	sans	incapacités

Panorama	Pays	de	Loire
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Déterminants	du	vieillissement

Vieillissement

Activité	physique

- Social
- Psychologique
- Economique
- Affectif
- Spirituel

Co-morbidités	- Médical
Age,	sexe

Génétique

Environnement

Biologie

Alimentation
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¡ Robuste
§ Autonome	sans	comorbidité	majeure	ni	syndrome	gériatrique	
§ Réserves	fonctionnelles	peu	modi:iées.

¡ Fragile
§ Diminution	des	réserves
§ A> 	risque	de	décompensation	/	syndrome	gériatrique

¡ Polypathologique	dépendant
§ Impossibilité	partielle	ou	totale	d’effectuer	sans	aide,	les	
activités	de	la	vie	qu’elles	soient	physiques,	psychiques	ou	
sociales	et	de	s’adapter	à son	environnement.

Modèle	de	Balducci

Hétérogénéité

3	profils,	des	enjeux	différents
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Poids	des	co-morbidités

"OFTUIFTJPMPHZ������������������ 1339  Boddaert et al.

EDUCATION

clinical outcome.3,26 Some of these measures have included 
an orthopedic ward with geriatric consultation or an ortho-
pedic ward with daily geriatric management. A more inter-
esting approach has included admission into a geriatric ward 
under the specialist care of an orthopedic consultant. To our 
knowledge, this is the only approach that has shown sus-
tained mortality reduction, together with improved walking 
ability and less morbidity (fig. 3).3

In our institution, we created a geriatric unit devoted to 
the postoperative care of elderly patients with hip fracture. 
The medical staff from the emergency, anesthesiology and 
critical care, geriatric, orthopedic surgery, and rehabilitation 
departments define priorities for these patients. Four key fac-
tors were identified and management strategy was focused 
on specific points (table 1). A marked reduction (risk ratio, 

0.43; 95% CI, 0·25 to 0·73) was observed in the risk of 
death at 6 months, a treatment effect is twice that observed 
with early surgery (fig. 3) as well as reductions in pressure 
ulcer, admission to intensive care unit, and re-hospitaliza-
tion within 30 days.3 Early sitting and walking, prevention 
of pressure ulcer, early identification of urinary retention and 
delirium may be the most important management factors 
associated with survival improvement.3 One of the key aims 
is to create a dedicated unit where some team skills can be 
more easily developed. Rehabilitation facilities as well as the 
cooperation between acute care and rehabilitation facilities 
play a crucial role in the care of these elderly patients.

Postoperative delirium may affect one third of elderly 
patients,3 be already present at admission and is frequently 

Fig. 2. The orthogeriatric concept. (A) Increasing risk related 
to anesthesia/surgery versus comorbidities in young patients, 
elderly healthy patients (i.e., elderly patients with harmonious 
aging process without significant comorbidities), and “geriat-
ric patients (i.e., elderly patients with several comorbidities). 
(B) Four designs of orthogeriatric cooperation have been pro-
posed in the literature with increasing participation of the geri-
atrician and decreasing participation of the surgeon (from 1 to 
4). The Unit for PostOperative Geriatric (UPOG) care belongs 
to the last one.

Fig. 3. Survival curves for mortality for patients in the orthope-
dic (solid line) and geriatric (dotted line) cohorts. The orthope-
dic cohort (n = 131) was treated in an orthopedic department 
without geriatric cooperation. The geriatric cohort (n = 203) 
was treated in a dedicated Unit for PostOperative Geriatric 
care. Survival is adjusted for age, sex, and Cumulative Illness 
Rating Scale calculated with a Cox regression analysis. P val-
ues refer to log-rank test. Reproduced, with permission, from 
Boddaert et al. PLoS One 2014; 9:e83795.3.

Table 1. Multidisciplinary and Team Approaches in the Elderly 
Patients with Hip Fracture

Four Key Factors
  1. Early alert from the emergency department.
  2. Consider hip fracture as an emergency surgical case.
  3.  Rapid transfer to a dedicated geriatric unit after surgery 

(<48 h).
  4.  Rapid transfer of stable patients to a dedicated  

rehabilitation unit.
Management Focused on following things
  1. Early mobilization (chair sitting 24 h and walking 48 h)
  2. Pain management (acetaminophen and morphine).
  3.  Provision of air-filled mattresses in high-risk patients 

(Braden Scale).
  4. Swallowing disorders detection.
  5. Detection of stool impaction.
  6. Detection of urinary retention (bedside ultrasound).
  7. Anemia detection and correction.
  8.  Detection of delirium (Confusion Assessment Method); 

avoid any chronic benzodiazepine  
treatment withdrawal.

  9. Malnutrition detection (nutritionist).

Downloaded From: http://anesthesiology.pubs.asahq.org/pdfaccess.ashx?url=/data/journals/jasa/931155/ on 09/11/2017

Boddaert	J,	Anesthesiology,	2014

Multi-morbidité	

Degré	de	sévérité	des	comorbidités

Malnutrition	protéino	énergétique

cluded multimorbidity, the interaction term between multimorbid-
ity and sex, and the interaction term between multimorbidity and
age group. All statistical analyses were conducted by using Stata
version 13 (StataCorp LP).

We conducted sensitivity analyses to assess the robustness of find-
ings to the operationalization of the dependent variable and mul-
timorbidity, the primary exposure of interest. We assessed wheth-
er our findings held when operationalizing the functional limita-
tions of ADL and IADL domains only, which are considered to be
later manifestations of functional loss than other physical function
domains (6,24).

Results
The mean age of the study population was 73 years, 55.9% were
women, and 71.0% were overweight or obese (Table 1).  Most
(82.4%) participants were non-Hispanic white, and 60.7% were
married or living with a partner. Approximately one-third (34.6%)
had an annual household income of less than 200% of the FPL.
Most participants reported having a usual source of health care
(97.4%).

Multimorbidity ranged from 0 to 8 chronic conditions (Table 2).
The estimated prevalence of having 2 or more concurrent chronic
conditions was 67% overall  (95% CI,  65%–68%); it  was 64%
(95% CI, 61%–66%) among participants aged 65 to 74 and 71%
(95% CI, 68%–73%) among those aged 75 or older. The number
of limitations ranged from 0 to 19. Overall, 64% of participants
had at least 1 functional limitation; the percentage of those who
had difficulty performing activities was greater among those aged
75 or older than among those aged 65 to 74 except for 1 activity,
sitting  for  long  periods  (Appendix).  We  found  a  difference
between sex and age group; women reported a greater number of
limitations than men in both age groups.

We found a significant positive association between multimorbid-
ity and the number of functional limitations and a significant inter-
action with age (P = .02) (Table 3). The magnitude of the associ-
ation was also stronger among women than among men: for each
additional chronic disease, the mean number of limitations among
women aged 65 to 74 increased by an estimated 1.62 (95% CI,
1.31–2.02) times and among women aged 75 or older by 2.06
(95% CI, 1.51–2.81) times (Table 3 and Figure 1). In contrast, for
each additional chronic disease, the mean number of limitations
among men aged 65 to 74 increased by an estimated 1.35 (95%
CI, 1.27–1.43) times and among men aged 75 or older by 1.71
(95% CI,  1.35–2.16)  times.  Associations  found  for  ADL and
IADL limitations only were similar to the associations found for
all limitations in direction, magnitude, and significance in all age
and sex categories (Table 3).

Figure 1. Predicted mean number of limitations by the number of chronic
conditions, stratified by sex and age group, National Health and Nutrition
Examination Survey 2005–2012, for all 19 limitations and for ADL and IADL
(7 limitations) only. Negative binomial regression was used to estimate the
association between multimorbidity and functional limitation, adjusted for
age, body mass index, and smoking. Abbreviations: ADL, activities of daily
living; IADL, instrumental activities of daily living.

 

Women had a significantly higher prevalence of arthritis than men
in both age groups (Figure 2). In contrast, the prevalence of cardi-
ovascular disease was higher for men than women in both age
groups. Among women, the prevalence of stroke and hyperten-
sion was significantly higher for the older age group than for the
younger group; and among men, the prevalence of cancer was sig-
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Results
We analysed data from 1 751 841 patients (about a third 
of the Scottish population) from 314 Scottish medical 
practices. Table 1 shows the demographic characteristics 
of the study population, the proportion of those with 
multimorbidity, and the proportion with physical and 
mental health comorbidity. Men and women were 
equally represented, as were all deprivation deciles. 
42·2% (95% CI 42·1–42·3) of the population had one or 
more chronic morbidities, 23·2% (23·1–23·2) had 
multimorbidity, and 8·3% (8·3–8·4) had physical and 
mental health comorbidity. Of people with at least one 
morbidity, 54·9% (54·8–55·0) had multimorbidity and 
19·8% (19·8–19·9) had physical and mental health 
comorbidity. Most people with common chronic mor-
bidities had at least two, and frequently more, other 
disorders (appendix).

The number of morbidities and the proportion of 
people with multimorbidity increased substantially with 
age (table 1). By age 50 years, half of the population had 
at least one morbidity, and by age 65 years most were 
multimorbid (fi gure 1). However, in absolute terms, 
more people with multimorbidity were younger than 
65 years than 65 years and older (210 500 vs 194 966), 
although older people had more morbidities on average 
(table 1).

The crude prevalence of multimorbidity increased 
modestly with the deprivation of the area in which patients 
lived (19·5%, 95% CI 19·3–19·6, in the most affl  uent 
areas vs 24·1%, 23·9–24·4, in the most deprived; 
diff erence 4·6%, 95% CI 4·3–4·9; table 1). However, this 
fi nding should be interpreted with caution because the 
population in more deprived areas was, on average, 
younger (median age 37 years [IQR 21–53] in the most 
deprived areas vs 42 years [IQR 22–58] in the most affl  uent 
areas). People living in more deprived areas were more 
likely to be multimorbid than were those living in the 
most affl  uent areas at all ages, apart from those aged 
85 years and older (fi gure 2). Young and middle-aged 
adults living in the most deprived areas had rates of 
multimorbidity equivalent to those aged 10–15 years older 
in the most affl  uent areas (fi gure 2 and appendix).

8·3% (95% CI 8·3–8·4) of all patients, and 36·0% 
(35·9–36·2) of people with multimorbidity, had both a 
physical and a mental health disorder. The prevalence of 
physical and mental health comorbidity was higher in 
women than in men, and was substantially higher in older 
people than in younger people (table 1). Although older 
people were much more likely to have physical–mental 
health comorbidity, the absolute numbers were greater in 
younger people (90 139 people <65 years vs 55 912 people 
≥65 years). The crude socioeconomic gradient in physical–
mental health comorbidity was greater than that for any 
multimorbidity, with a near doubling in prevalence in the 
most deprived versus the most affl  uent areas (table 1; 
diff erence 5·1%, 95% CI 4·9–5·3). In the logistic regres-
sion analysis with the presence of any mental health 

disorder as the outcome (table 2), we noted a non-linear 
association with age, so we included an age-squared term 
in the model. The predicted probability of having a mental 
health disorder increased with age up until about age 
60 years, and then decreased (data not shown). Men were 
less likely to have a mental health disorder than were 
women, and those in the most deprived decile were more 
than twice as likely to have a mental health disorder than 
were those in the most affl  uent decile (adjusted OR 2·28, 
95% CI 2·21–2·32). The presence of a mental health 
disorder was strongly associated with the number of 
physical disorders that an individual had—eg, people with 
fi ve or more disorders had an OR of 6·74 (95% CI 
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Katz Dépendance
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QUESTION 2 :  
QUELS SONT LES INFORMATIONS ET LES 
ELEMENTS IMMEDIATS NECESSAIRES A LA PRISE 
EN CHARGE DES PERSONNES AGEES DE PLUS DE 
75 ANS A L’ARRIVEE AU SERVICE DES 
URGENCES, D’ORDRE MEDICAL, PSYCHOLOGIQUE 
ENVIRONNEMENTAL ET SOCIAL ? 
 
 
 

Le jury recommande un repérage de la 
fragilité (définie selon les termes de la vignette) chez 
toute PA de plus de 75 ans se présentant au SU (Rang 
C). Les informations et les éléments d’ordre médical, 
psychologique, environnemental et social permettent 
de repérer la fragilité, d’en identifier les formes 
patentes et latentes. Elles conduiront  à une évaluation 
gériatrique et sociale globale. 

 
Le jury recommande que des relations 

étroites soient tissées entre SU et gériatrie.  
 
L’ensemble de l’équipe du SU participe au 

recueil des données. La mise en commun de ce recueil  
est facilité par les nouvelles technologies de 
l’information (Rang B). 

 
Le jury recommande l’utilisation d’outils de 

repérage uniquement des PA fragiles. Ces outils 
doivent être adaptés au caractère patent ou latent des 
troubles gériatriques et adaptés à la pratique des SU 
(Rang C ) : 

Pour les formes patentes de fragilité, les 
données à recueillir sont : 

- En zone d’accueil, l’infirmière d’organisation de 
l’accueil (IOA), en plus des informations nécessaires 
au tri, doit être attentive : 
• aux données concernant les accompagnants 
• à l’identification du patient, notamment en 
présence de troubles cognitifs. 
• aux troubles du comportement qui peuvent 
conditionner le tri. 
- En zone de soins, l’IDE complète le recueil de 
données sur :  
� la perte d’autonomie  
� le mode de vie  
� la présence d’un entourage  
� l’état physique global du patient (hygiène, 
nutrition). 
� les constantes et la douleur évaluée avec un 
outil adapté à l’état cognitif  
 
Le score ADL (activities of daily live) peut aider au 
recueil de ces éléments (tableau1).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
- Le médecin en zone de soins : les patients ayant 
des problèmes gériatriques patents doivent 
bénéficier au SU d’un recueil exhaustif de données 
générales en insistant fortement sur les données 
sociales, d’autonomie, sur le repérage des troubles 
cognitifs, des troubles de la marche et de l’équilibre, 
et des troubles dépressifs. Des outils sont préconisés 
pour évaluer de façon pertinente ces troubles : ADL 
pour l’autonomie (tableau 1), mini- GDS pour la 
dépression (tableau 2), « get up and go test » pour 
l’équilibre. (Rang C)   

 
Le relevé de toutes ces données nécessite un 

délai de réalisation important, et est donc réservé aux 
PA fragiles de façon patente. Chez ces malades, tous 
ces éléments permettront de réaliser ultérieurement 
une évaluation gériatrique globale. Le jury ne 
recommande pas que les urgentistes effectuent cette 
évaluation gériatrique globale, qui est du ressort de la 
spécialité de gériatrie.. 
 

Pour les PA sans problème gériatrique patent 
(forme latente de fragilité), qui n’ont pas de raison 
médicale d’être hospitalisées, et qui n’ont pas bénéficié 
de l’évaluation précédente, le jury recommande 
d’effectuer un test de dépistage simple avant leur 
sortie. Le test ISAR, réalisable par l’ensemble des 
soignants, adapté au SU, validé dans la prévention des 
réhospitalisations précoces, est recommandé par le 
jury (Rang B ) (tableau 3) 
 

 
 
 
 
 
 
 
 

ADL (Activities of daily living) 
¾ Se laver 
¾ S’habiller 
¾ Se rendre aux toilettes 
¾ Se déplacer 
¾ S’alimenter 
¾ Etre continent 

Score de 0 (totalement dépendant) à 6 
(totalement autonome) 
 
TABLEAU 1 : score ADL (activities of living) 

Personne âgée fragile 
 
Le jury du consensus a défini la fragilité d’une personne âgée comme un risque de déséquilibre entre des 
éléments somatiques, psychiques et sociaux, provoqué par une agression même minime. En pratique, 
elle se manifeste et s’évalue par l’apparition de troubles cognitifs, comportementaux et sensoriels, de 
polypathologies, de polymédications, et par l’accroissement des besoins d’aide dans la vie quotidienne. 
La fragilité peut être patente ou latente. 
 
Patient gériatrique 
 
La définition du patient gériatrique est « un patient âgé polypathologique ou très âgé présentant un fort 
risque de dépendance physique ou sociale et ne relevant pas d’un service de spécialité » (circulaire 
DHOS du 18 mars 2002). 
 

Vignette 

Conf	consensus	urgence,	sfmu,	2003
Katz	S,	JAMA,	1963

Pietilainen	L,	Intensive	Care	Med,	2018

n=	1800,	ICU,	>	80	ans
Mortalité	intra	hospitalière	 21%
Mortalité	à	1	an	 38%

ADL	<	6/6	(pré	hospitalier)	 OR=	1,75
Ne	pas	être	capable	de	marcher	400m	 OR=	2

Statut	fonctionnel	« pré-événement »

ADL	6/6	=	être	indépendant
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Trajectoire	fonctionnelle

Gill	TM,	BMJ,	2015

Etude	prospective	1998	– 2013
n=	754,	>	70	ans,	communautaires
Initialement	indépendants
Evaluation	fonctionnelle:	1/mois	(15	ans)

RESEARCH

3the bmj | BMJ 2015;350:h2361 | doi: 10.1136/bmj.h2361

 considered an excellent fit, whereas less than 0.7 is con-
sidered a poor fit.23  The proportions of decedents 
assigned to each trajectory, mean probability of member-
ship, and proportions with poor fit are based on the origi-
nal data, and we estimated 95% confidence intervals 
using 1000 bootstrapped samples.24

We assessed relevant decedent characteristics accord-
ing to the disability trajectories. Frequency distributions 
were calculated for the conditions leading to death and 
the number of hospital admissions in the last year of life.

To evaluate the relation between hospital admissions 
and disability trajectories, we first plotted the preva-
lence of hospital admission and severity of disability 
during each month in the last year of life on a single 
graph for each of the disability trajectories. We then for-
mally modeled the association between hospital admis-
sions and disability scores through the use of two 
trajectory specific Poisson models that invoked general-
ized estimating equations with a first order autoregres-
sive covariance structure to account for correlation 
among repeated observations within the same partici-
pant. The first model used a log link function to generate 
a relative effect (or rate ratio),25  whereas the second 
model used an identify link to generate an absolute 
effect.25 The rate ratio represents the relative increase in 
the predicted disability score based on the occurrence of 
a hospital admission in a given month, while the abso-
lute effect represents the mean increase in the  predicted 
disability score based on the occurrence of a hospital 
admission in a given month. The multivariable models 
included hospital admission in month t and time (that 
is, month t). We included time to account for unmea-

sured factors that could worsen disability at the end of 
life. Measured covariates included age, sex, race, educa-
tion, number of chronic conditions, and scores on the 
mini-mental state examination and short physical per-
formance battery.

All analyses were performed using SAS V9.3 (SAS 
Institute, Cary, NC), and we considered P<0.05 (two 
tailed) to denote statistical significance.

Results
Six distinct trajectories in the last year of life were identi-
fied: no disability, catastrophic disability, accelerated dis-
ability, progressively mild disability, progressively severe 
disability, and persistently severe disability (fig 1). On 
average, a year before death, four of the groups—those 
with no, catastrophic, accelerated, and progressively 
mild disability (which combined accounted for nearly 
half of all decedents)—were largely free of disability, 
whereas the other two disability groups—progressively 
severe and persistently severe—had mild and severe dis-
ability, respectively. The trajectories of the accelerated 
and catastrophic groups diverged from that of the 
non-disabled group at about seven and two months 
before death, respectively. Over the course of the year, 
the severity of disability in the two progressive groups 
increased gradually, whereas that in the persistently 
severe group was near the maximum and changed little.
For four of the disability trajectories—no, catastrophic, 
accelerated, and persistently severe disabilities, the pre-
dicted values for severity of disability did not differ from 
the observed values. For the progressively mild trajec-
tory, the predicted value underestimated the observed 
value at months 8 and 1 and overestimated the observed 
value at months 5, 4, and 3. For the progressively severe 
trajectory, the predicted value underestimated the 
observed value at month 10 and overestimated the 
observed value at month 4. None the less, the mean 
probability of membership for each trajectory was 0.9 or 
higher except for progressively mild disability, with a 
value of 0.89.

Table 1 shows the characteristics of the decedents 
according to the disability trajectory in the last year of 
life. The mean age ranged from 83.9 years in the no dis-
ability group to 88.9 years in the persistently severe dis-
ability group. Women were overrepresented in the 
persistently severe disability group. There were only 
modest differences in race or ethnicity and number of 
chronic conditions across the six groups. The cata-
strophic disability group had the highest educational 
level, whereas the persistently severe disability group 
had the lowest. Low scores on the mini-mental state 
examination and short physical performance battery 
were observed most commonly for the progressively 
severe and persistently severe disability groups.

The most common condition leading to death was 
frailty (27.9%, n=154), followed by organ failure (21.4%, 
n=118), cancer (18.1%, n=100), advanced dementia 
(17.4%, n=96), other (12.7%, n=70), and sudden (2.5%, 
n=14). Overall, 392 (71.0%) participants had at least one 
hospital admission in the last year of life and 248 
(44.9%) had multiple hospital admissions. The frequency 
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Fig 1 | Trajectories of disability in last year of life among 552 decedents. Values for severity 
of disability represent the mean number of disabled activities of daily living (from 0 to 4). 
Black lines depict predicted trajectories, and companion lines depict observed 
trajectories. Ι bars represent 95% confidence intervals for predicted disability scores. 
Only 45 (8.2%) of the decedents had a probability of their assigned trajectory <0.70, with 
values ranging from 0.48 to 0.68; and in all cases, an adjacent trajectory had the next 
highest probability of membership, with values ranging from 0.16 to 0.42. Nearly 78% 
(n=35) of these trajectories were characterized by episodes of recovery from a more severe 
form of disability, while 20% (n=9) were characterized by disability in a single activity in 
the month before death without any preceding disability

6	
trajectoires	
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28%

11	%
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in our earlier study, which included 169 fewer dece-
dents.1  Identification of progressively mild disability as 
an additional trajectory, one that had the poorest fit of 
the six trajectories, is likely due to the inclusion of 
 decedents who had accrued since the earlier study. The 
addition of these decedents, however, did not alter the 
distribution of conditions leading to death.1

The validity of our results is strengthened by the 
nearly complete ascertainment of hospital admission 
and disability, the high reliability and accuracy of these 
assessments, the low rate of attrition, and adjustment 
for several relevant covariates. None the less, our results 
should be interpreted in the context of several limita-
tions. Firstly, because this was an observational study, 
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Fig 3 | Prevalence of hospital admission and severity of disability during each month in last year of life according to disability 
trajectory. Values for severity of disability represent the mean number of disabled activities of daily living (from 0 to 4)

Table 3 | Multivariable associations between admissions to hospital and severity of disability according to disability 
trajectory in last year of life

Disability trajectory
Relative effect Absolute effect
Rate ratio (95% CI) P value Mean increase (95% CI) P value

No disability 7.1 (2.5 to 19) <0.001 0.1 (0.01 to 0.3) 0.037
Catastrophic disability 2.0 (1.5 to 2.7) <0.001 1.9 (1.5 to 2.4) <0.001
Accelerated disability 2.1 (1.9 to 2.4) <0.001 1.3 (1.1 to 1.5) <0.001
Progressively mild disability 3.1 (2.3 to 4.1) <0.001 1.2 (0.9 to 1.5) <0.001
Progressively severe disability 1.5 (1.4 to 1.6) <0.001 0.9 (0.7 to 1.1) <0.001
Persistently severe disability 1.1 (1.1 to 1.1) <0.001 0.3 (0.2 to 0.4) <0.001
*Multivariable Poisson models were run using generalized estimating equations, with a log link function to generate a relative effect and an identify link 
to generate an absolute effect, and a first order autoregressive covariance structure to account for correlation among repeated observations within the 
same participant. Covariates included age >85 years, sex, race (non-Hispanic white versus other), education in years, number of chronic conditions, 
mini-mental state examination score <24, short physical performance battery score <8, and time (that is, month in last year of life). The severity of 
disability was operationalized as the mean number of disabled activities of daily living (from 0 to 4).
†Relative increase in predicted disability score based on occurrence of a hospital admission in a given month.
‡Mean increase in predicted disability score based on occurrence of a hospital admission in a given month.

RESEARCH

6 doi: 10.1136/bmj.h2361 | BMJ 2015;350:h2361 | the bmj

in our earlier study, which included 169 fewer dece-
dents.1  Identification of progressively mild disability as 
an additional trajectory, one that had the poorest fit of 
the six trajectories, is likely due to the inclusion of 
 decedents who had accrued since the earlier study. The 
addition of these decedents, however, did not alter the 
distribution of conditions leading to death.1

The validity of our results is strengthened by the 
nearly complete ascertainment of hospital admission 
and disability, the high reliability and accuracy of these 
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Fig 3 | Prevalence of hospital admission and severity of disability during each month in last year of life according to disability 
trajectory. Values for severity of disability represent the mean number of disabled activities of daily living (from 0 to 4)

Table 3 | Multivariable associations between admissions to hospital and severity of disability according to disability 
trajectory in last year of life

Disability trajectory
Relative effect Absolute effect
Rate ratio (95% CI) P value Mean increase (95% CI) P value

No disability 7.1 (2.5 to 19) <0.001 0.1 (0.01 to 0.3) 0.037
Catastrophic disability 2.0 (1.5 to 2.7) <0.001 1.9 (1.5 to 2.4) <0.001
Accelerated disability 2.1 (1.9 to 2.4) <0.001 1.3 (1.1 to 1.5) <0.001
Progressively mild disability 3.1 (2.3 to 4.1) <0.001 1.2 (0.9 to 1.5) <0.001
Progressively severe disability 1.5 (1.4 to 1.6) <0.001 0.9 (0.7 to 1.1) <0.001
Persistently severe disability 1.1 (1.1 to 1.1) <0.001 0.3 (0.2 to 0.4) <0.001
*Multivariable Poisson models were run using generalized estimating equations, with a log link function to generate a relative effect and an identify link 
to generate an absolute effect, and a first order autoregressive covariance structure to account for correlation among repeated observations within the 
same participant. Covariates included age >85 years, sex, race (non-Hispanic white versus other), education in years, number of chronic conditions, 
mini-mental state examination score <24, short physical performance battery score <8, and time (that is, month in last year of life). The severity of 
disability was operationalized as the mean number of disabled activities of daily living (from 0 to 4).
†Relative increase in predicted disability score based on occurrence of a hospital admission in a given month.
‡Mean increase in predicted disability score based on occurrence of a hospital admission in a given month.
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in our earlier study, which included 169 fewer dece-
dents.1  Identification of progressively mild disability as 
an additional trajectory, one that had the poorest fit of 
the six trajectories, is likely due to the inclusion of 
 decedents who had accrued since the earlier study. The 
addition of these decedents, however, did not alter the 
distribution of conditions leading to death.1

The validity of our results is strengthened by the 
nearly complete ascertainment of hospital admission 
and disability, the high reliability and accuracy of these 
assessments, the low rate of attrition, and adjustment 
for several relevant covariates. None the less, our results 
should be interpreted in the context of several limita-
tions. Firstly, because this was an observational study, 
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Fig 3 | Prevalence of hospital admission and severity of disability during each month in last year of life according to disability 
trajectory. Values for severity of disability represent the mean number of disabled activities of daily living (from 0 to 4)

Table 3 | Multivariable associations between admissions to hospital and severity of disability according to disability 
trajectory in last year of life

Disability trajectory
Relative effect Absolute effect
Rate ratio (95% CI) P value Mean increase (95% CI) P value

No disability 7.1 (2.5 to 19) <0.001 0.1 (0.01 to 0.3) 0.037
Catastrophic disability 2.0 (1.5 to 2.7) <0.001 1.9 (1.5 to 2.4) <0.001
Accelerated disability 2.1 (1.9 to 2.4) <0.001 1.3 (1.1 to 1.5) <0.001
Progressively mild disability 3.1 (2.3 to 4.1) <0.001 1.2 (0.9 to 1.5) <0.001
Progressively severe disability 1.5 (1.4 to 1.6) <0.001 0.9 (0.7 to 1.1) <0.001
Persistently severe disability 1.1 (1.1 to 1.1) <0.001 0.3 (0.2 to 0.4) <0.001
*Multivariable Poisson models were run using generalized estimating equations, with a log link function to generate a relative effect and an identify link 
to generate an absolute effect, and a first order autoregressive covariance structure to account for correlation among repeated observations within the 
same participant. Covariates included age >85 years, sex, race (non-Hispanic white versus other), education in years, number of chronic conditions, 
mini-mental state examination score <24, short physical performance battery score <8, and time (that is, month in last year of life). The severity of 
disability was operationalized as the mean number of disabled activities of daily living (from 0 to 4).
†Relative increase in predicted disability score based on occurrence of a hospital admission in a given month.
‡Mean increase in predicted disability score based on occurrence of a hospital admission in a given month.
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Points	clés	intermédiaires

Co-morbidités

Malnutrition	protéino	énergétique

Statut	fonctionnel	pré	hospitalier

àMortalité	1	an	sortie	ICU

survivors were 12 (IQR 7; 21) and 26 (IQR 15; 43) days,
respectively. Details of patients’ comorbidities are pre-
sented in Additional file 1: Table S1. The main reasons
for ICU admission were septic shock (22%), acute re-
spiratory failure (19%), acute neurological disorder (15%)
and out-of-hospital cardiac arrest (8%). On admission,
the Sequential Organ Failure Assessment (SOFA) score
was 6 (IQR 4; 9) and the Simplified Acute Physiologic
Score (SAPS) II was 46 (IQR 34; 59).
Clinical and biological characteristics at the time of

ICU discharge were generally in the normal range
(Table 1), except for hemoglobin (median value 10 g/dl).
Patients were mostly discharged to a ward (n = 976,
50%) or step-down unit (n = 269, 14%).

Determinants of 1-year survival after ICU discharge
Of the 1570 ICU survivors, 333 (21%) died during the
year following ICU discharge, including 123 (8%) during
the index hospitalization (Additional file 1: Figure S1).
Univariate analysis revealed that the 333 nonsurvivors at
1 year post ICU discharge had a greater degree of illness
severity at ICU admission and more comorbidities
(Table 1, Additional file 1: Table S1). One-year nonsurvi-
vors were more likely to have septic shock as the cause
of admission. While in the ICU, 1-year nonsurvivors re-
quired more renal replacement therapy, inotropes/vaso-
pressors and transfusion than survivors. On ICU
discharge, nonsurvivors had lower blood pressure and
residual organ dysfunction than survivors. Yet renal
function was more profoundly altered in nonsurvivors
with a higher serum creatinine and lower eGFR at ICU
discharge (Table 1).

Multivariable analysis identified 14 independent pre-
dictors of post-ICU survival (Fig. 2). Odds ratios of sig-
nificantly associated variables are presented in
Additional file 1: Table S2. Linearity of the association
between continuous variables in the multivariable model
and the outcome is depicted in Additional file 1: Figure
S2. The area of the ROC curve for the multivariable
model was 0.787 (95% CI 0.759–0.815). Age and comor-
bidities (Charlson comorbidity score, vascular disease,
severe valvular disease, chronic kidney diseases, cancer
and loss of autonomy) were associated with a greater 1-
year risk of death. At ICU discharge, five clinical vari-
ables (low values of systolic blood pressure, body
temperature, total protein and platelet counts, and a
high white blood cell count) were associated with an in-
creased post-ICU risk of death. With respect to their
ICU stay, red blood cell transfusion and prolonged ICU
length of stay were associated with higher risk of 1-year
post-ICU mortality. Of note, AUCs of SOFA at admis-
sion and SAPS II were 0.574 (95% CI 0.531–0.619) and
0.605 (95% CI 0.572–0.64) respectively; both were sig-
nificantly lower than the AUC of the clinical score.

Association between cardiovascular biomarkers at
discharge and 1-year survival after ICU discharge
At the time of ICU discharge, 1-year nonsurvivors had
elevated levels of all measured cardiovascular biomarkers
(Table 2). As depicted in Additional file 1: Figure S3, the
association between the level of biomarkers at discharge
and the outcome was not linear in all cases. After di-
chotomization according to the median value, elevated
biomarkers of cardiac (NT-proBNP, sST2) and vascular

Fig. 2 Clinical predictors of 1-year post-ICU survival. Area under the ROC curve of the multivariable model including the 14 variables is 0.787 (95%
CI 0.759–0.815). RBC red blood cell transfusion, ICU intensive care unit, LOS length of stay, SBP systolic blood pressure, WBC white blood cell, Ref
reference, OR odds ratio, CI confidence interval

Gayat et al. Critical Care  (2018) 22:8 Page 5 of 10

Gayat	E,	Critical	Care,	2018

Vieillissement	hétérogène
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La	Fragilité
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Contexte : Situation de stress ou de prise en charge
particulière 

ADL et IADL

Evaluation gériatrique
standardisée 

Test de détection de la
fragilité 

N

N

Intervention multi-domaine
adaptée au contexte 

Pas de modification par rapport à la
prise en charge habituelle 

Figure 1. Proposition d’un arbre décisionnel de dépistage du syndrome de fragilité.
Figure 1. Pattern of a decision-making tree of screening frailty un older subjects.

Plusieurs aspects doivent être précisés pour que le
concept de fragilité de la personne âgée puisse se traduire
par des recommandations à mettre en œuvre dans la pra-
tique gériatrique et gérontologique.

1- Constitution d’un outil simple de repérage de la fragi-
lité :
– sur quel modèle ?
– pour quelle utilisation ?

Points clés

• La fragilité de la personne âgée est un syndrome cli-
nique.
• Son dépistage est pertinent pour les personnes âgées
autonomes pour les activités de base de la vie quoti-
dienne.
• Plusieurs critères cliniques ont été proposés pour défi-
nir la fragilité, mais un consensus international reste à
établir.

2- Pertinence de la fragilité pour l’évaluation :
– d’anciens et de nouveaux traitements en gériatrie ;
– de procédures de soins ;
– de filières de prise en charge médicale et sociale en popu-
lation générale.

3- Place de la fragilité dans la prévention :
– peut-on proposer le dépistage et la prise en charge de la
fragilité comme approches pertinentes de la prévention de
la dépendance ?
– le syndrome de fragilité peut-il être proposé pour initier
des campagnes de prévention par l’évaluation gériatrique
standardisée ou de dépistage de certaines maladies (mala-
die d’Alzheimer, cancer. . .).

L’ensemble de ces aspects sera l’objet d’un séminaire
de travail sous l’égide à la fois de l’Organisation mondiale
de la santé (OMS), de l’International association of geriatry
and gerontology et de la Société française de gériatrie et
gérontologie.

Conflits d’intérêts : aucun.

390 Geriatr Psychol Neuropsychiatr Vieil, vol. 9, n ◦ 4, décembre 2011

Dépendance	sur	les	ADL	≠	Fragilité
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Prévalence
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NOTE: Random effects analysis
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Fig. 1. Prevalence of frailty in older persons (high level of evidence) (Brody et al., 1997; Cigolle et al., 2009; Dayhoff et al., 1998; Fried et al., 2001; Gutman et al., 2001; Hardy
et al., 2005; Kiely et al., 2009; Klein et al., 2005; Song et al., 2010; Tennstedt et al., 1992).

Table 1
Difference in prevalence of frailty in racial groups.

Reference Study Race Definition Prevalence (95% CI)

Deficit accumulation
Bowles et al. (2000) Frailty study of African

Americans  in South Central Los
Angeles

African  American Any of four: functional impairment,
depression, urinary incontinence, falls

66.9  (62.7; 70.9)

Cigolle et al. (2009) Health and Retirement Study African American Frail according to Functional Domains model 34.0 (31.7; 36.3)a

African American Frail according to Burden model 20.2 (18.3; 22.2)a

Caucasian Frail according to Functional Domains model 20.2 (18.3; 22.2)a

Caucasian Frail according to Burden model 14.4 (12.8; 16.2)a

Hispanic Frail according to Functional Domains model 22.3 (20.3; 24.3)a

Hispanic Frail according to Burden model 12.8 (11.3; 14.5)a

Phenotype
Fried et al. (2001) Cardiovascular health study African American Three or more of criteria list 12.9 (12.0; 13.8)

Caucasian Three or more of criteria list 5.9 (5.3; 6.5)

Hardy et al. (2005) New Haven older Americans
independence  center study*

African American Rapid gait test >10 s 54.2 (50.6; 57.7)

Caucasian Rapid gait test >10 s 41.5 (38.0; 45.1)

Ottenbacher et al. (2005) Hispanic established
populations epidemiologic
studies  of the elderly

Hispanic Modified Frailty index: scale of 0–4 for weight
loss, exhaustion, walking speed, and grip
strength

20.0  (17.0; 23.3)

Hispanic Frailty index based on weight loss, exhaustion,
walking speed, grip strength, and physical
activity

7.6 (6.5; 8.8)

Cigolle et al. (2009) Health and Retirement Study African American Frail according to Biologic Syndrome model 30.0 (27.8; 32.2)a

Caucasian Frail according to Biologic Syndrome model 11.8 (10.3; 13.4)a

Hispanic Frail according to Biologic Syndrome model 15.0 (13.4; 16.9)a

Kiely et al. (2009) MOBILIZE Caucasian Frailty index based on; weight loss >10 pounds
or greater than 5% of body weight, subjective
exhaustion, impaired walking, timed up and go
test >19 s, abnormal strength on physical
examination

8.6 (6.8; 10.8)

a Weighted percentages were derived using Health and Retirement Study respondent population weights to adjust for differential probability of selection into the sample
and differential non response.

* The authors referred to phenotypic definitions of frailty and justified operationalizing frailty with valid and reliable measure of gait because “impaired mobility”,
represented by slow gait speed, is one of the most commonly reported components of the frailty.

Rockwood
24%

Fried
14%

compared with those who are not screened as frail.45 Although considerable research
resources have focused on evaluation of single system or syndrome disease (ie,
sepsis, acute respiratory distress syndrome, acute kidney injury), there has been rela-
tively little investigation focused on understanding the complex interplay of frailty and
outcomes associated with critical illness.46

Mortality

Frailty has consistently been shown to portend greater risk for mortality in critical
illness when compared with those who are not frail (Fig. 3).47 This association seems
to be robust across frailty instruments and across age strata that include both younger
and older patients, and further shows gradation in risk with increasing severity of
frailty. To date, most studies have focused on short-term mortality (ie, ICU, hospital,
30 day)31,32,40,48–50; only 4 studies have described the long-term mortality hazard at
6 months or beyond (Fig. 4).33,34,36,47,51 In our study, baseline frailty status conferred
significantly greater hazard for death within 1 year, a finding that persisted after covar-
iate adjustment for demographic, clinical factors and illness severity (adjusted hazard
ratio, 1.82; 95% confidence interval, 1.28–2.60; see Fig. 4).34 We further found that an
increasing CFS score, implying greater severity of frailty, portended incremental haz-
ard for death within 1 year. Similarly, Brummel and colleagues36 found association be-
tween frailty status and greater mortality at 3 and 12 months, with increasing CFS
score likewise conferring significantly greater mortality risk.

Health-Related Quality of Life

Health-related quality of life (HRQL) is an important patient-centered outcome for sur-
vivors of critical illness. A large body of literature has consistently shown that survivors
of critical illness are characterized by high rates of impaired HRQL, incident disability,
and psychosocial stress. To date, only 2 studies have described HRQL among frail
survivors of critical illness.
In our study,30 we evaluated HRQL among ICU survivors at 6 and 12 months using

both the Short Form-12 and EuroQoL (EQ)-5D instruments. We found frail patients
showed greater impairment in HRQL at 6 and 12 months when assessed using the

Fig. 2. Pooled prevalence (prev) of frailty among patients admitted to intensive care. CI,
confidence interval. (From Muscedere J, Waters B, Varambally A, et al. The impact of frailty
on intensive care unit outcomes: a systematic review and meta-analysis. Intensive Care Med
2017;43(8):1113; with permission.)

Montgomery et al8

Montgomery	CL,	Crit	Care	Clinic,	2018

Shamliyan	T,	Ageing	Res	Rev,	2013	

En	ICU…..
30%

Age Prévalence	

Fried

65-69 4%

70-74 7%

75-79 9%

80-84 16%

85-89 26%

Lancet,	2014
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those who were nonfrail. Bivariate (unadjusted) associa-
tions were significant (p , .05) for the predictive associa-
tion of frailty and intermediate frailty status with incident
falls, worsened mobility or ADL disability, incident hospi-
talization, and death over 3 or 7 years, with hazard ratios
ranging from 1.82–4.46 and 1.28–2.10 for the frail and in-
termediate groups, respectively. After adjustment for cova-
riates (42), the frailty phenotype remained an independent
predictor of all adverse outcomes at both 3 and 7 years, with
7-year hazard ratios ranging from 1.23–1.79 (p , .05 for
all, except falls, where p 5 .06). The intermediate group
also significantly (p , .05) predicted all outcomes after ad-
justment, but with lower strengths of association. Results
for both 3 and 7 years follow-up were consistent. The pro-
portional hazards assumption was found reasonable for each
model.

Finally, we evaluated whether being in the intermediate
group identified increased risk of frailty. Adjusting for co-
variates, those who were intermediate at baseline were at
more than twice the risk of becoming frail over 3 years (or
over 4 years for cohort 2), relative to those subjects with no
frailty characteristics at baseline (odds ratio [OR] 5 2.63,
95% confidence interval [CI] 5 1.94, 3.56) (Table 8). The

results were nearly identical in separate analyses of just the
first cohort (which had a 1-year shorter initial follow-up in-
terval than the second cohort). Of incident frailty cases,
88% (254/290) came from the first cohort.

DISCUSSION
This work proposes a standardized phenotype of frailty in

older adults and demonstrates predictive validity for the ad-
verse outcomes that geriatricians identify frail older adults
as being at risk for: falls, hospitalizations, disability, and
death. Even after adjustment for measures of socioeconomic
status, health status, subclinical and clinical disease, depres-
sive symptoms, and disability status at baseline, frailty re-
mained an independent predictor of risk of these adverse
outcomes. The intermediate group with one or two frailty
characteristics was at elevated, but intermediate, risk for
these outcomes and at risk for subsequent frailty.

This study provides insight into frailty and its outcomes
in a population-based sample of older adults who were
neither institutionalized nor end-stage, characterizing both
early presentation, correlates, and long-term outcomes. A
standardized phenotype provides a basis for future compari-
son with other populations. The exact frequencies identified

Table 6. Incidence of Adverse Outcomes Associated With Frailty: Kaplan-Meier Estimates at 3 Years and 7 Years* After Study Entry for 
Both of the Cohorts† (N 5 5317)

Died First Hospitalization First Fall Worsening ADL Disability Worsening Mobility Disability

Frailty Status at Baseline (n) 3 yr % 7 yr % 3 yr % 7 yr % 3 yr % 7 yr % 3 yr % 7 yr % 3 yr % 7 yr %

Not Frail (2469) 3 12 33 79 15 27 8 23 23 41
Intermediate (2480) 7 23 43 83 19 33 20 41 40 58
Frail (368) 18 43 59 96 28 41 39 63 51 71
p‡ ,.0001 ,.0001 ,.0001 ,.0001 ,.0001

*7-year estimates are only available for the first cohort.
†Only those evaluable for frailty are included.
‡p value is based on the 2 degree of freedom log rank test using all available follow-up.

Figure 4. Survival curve estimates (unadjusted) over 72 months of follow-up by frailty status at baseline: Frail (3 or more criteria present); In-
termediate (1 or 2 criteria present); Not frail (0 criteria present). (Data are from both cohorts.)
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In a 2009 cross-sectional study of 1002 women, 
investigators used 12 measures to assess cumulative 
physio logical dysfunction in six diff erent systems 
(haemato  logical, infl ammatory, hormonal, adiposity, 
neuro muscular, and micronutrient) and reported a non-
linear relation between the number of abnormal systems 
and frailty, independent of age and comorbidity.14 
Abnormal results in three or more systems were a strong 
predictor of frailty. Importantly, the number of abnormal 
systems was more predictive of frailty than were abnor-
malities in any particular system. This fi nding supports 
the idea that when physiological decline reaches an 
aggregate crucial level, frailty becomes evident.14

The brain, endocrine system, immune system, 
and skeletal muscle are intrinsically inter-related and 
are the organ systems that are best studied in the 
develop ment of frailty.5 Notably, frailty has also been 
associated with loss of physiological reserve in the 
respiratory15, cardiovascular,16 renal,17 and haemopoietic 
and clotting systems,18,19 and nutritional status can also 
be a mediating factor.3,20–22

The frail brain
Ageing is associated with characteristic structural and 
physiological changes in the brain. The loss of indiv-
idual neurons in most cortical regions is low,23 but 
neurons with high metabolic demands, such as the 
hippocampal pyramidal neurons, could be aff ected 
disproportionally by changes in synaptic function, 
protein transport, and mitochondrial function.23 The 
hippocampus has been identifi ed as an important 
mediator in the pathophysi ology of cognitive decline 
and Alzheimer’s dementia24 and is a key component of 
the stress response, since it senses increased gluco-
corticoid values and relays information to the hypo-
thalamus via a negative-feedback loop.25

The ageing brain is also characterised by structural and 
functional changes to microglial cells, which are the 
resident immune cell population of the CNS and are the 
CNS equivalent of macrophages. They are activated by 
brain injury and local and systemic infl ammation and 
become primed (hyper-responsive) to small stimuli 
with ageing, which can potentially cause damage and 
neuronal death.26–28 Primed microglia are postulated to have 
an important role in the pathophysiology of delirium.28,29 In 
a prospective cohort study of 273 elderly patients admitted 
to hospital, investigators identifi ed that frailty is associated 
with both increased risk of the development of delirium 
(odds ratio [OR] 8·5, 95% CI 4·8–14·8) and subsequent 
reduced survival (median survival in frail elderly patients 
with delirium 88 days, 95% CI 5–171; median survival in 
non-frail elderly patients with delirium 359 days, 95% CI 
118–600).6 This fi nding suggests that the combination of 
delirium and frailty identifi es elderly people at especially 
high risk of adverse outcomes.

Accumulating evidence from observational studies 
supports a temporal association between frailty, cognitive 

impairment, and dementia. In a prospective cohort study 
(n=750) of elderly people without cognitive impairment at 
baseline, the investigators reported that frailty was 
associated with an increased risk of the development of 
mild cognitive impairment during 12 years of follow-up 
(hazard ratio [HR] 1·63, 95% CI 1·27–2·08).30 Increasing 
frailty was also associated with a faster rate of cognitive 
decline. An independent association between frailty and 
dementia has been reported in two large prospective 
cohort studies.31,32

The frail endocrine system
The brain and endocrine system are linked intrinsically 
through the hypothalamo-pituitary axis, which controls 
metabolism and energy use through the signalling action 

Figure 1: Vulnerability of frail elderly people to a sudden change in health 
status after a minor illness
The green line represents a fi t elderly individual who, after a minor stressor event 
such as an infection, has a small deterioration in function and then returns to 
homoeostasis. The red line represents a frail elderly individual who, after a similar 
stressor event, undergoes a larger deterioration, which may manifest as functional 
dependency, and who does not return to baseline homoeostasis. The horizontal 
dashed line represents the cutoff  between dependent and independent.
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Falls
Balance and gait impairment are major features of frailty, and are important risk factors for 
falls. A so-called hot fall is related to a minor illness that reduces postural balance below a 
crucial threshold necessary to maintain gait integrity. Spontaneous falls occur in more 
severe frailty when vital postural systems (vision, balance, and strength) are no longer 
consistent with safe navigation through undemanding environments. Spontaneous falls 
are typically repeated and are closely associated with the psychological reaction of fear of 
further falls that causes the patient to develop severely impaired mobility.

Delirium
Delirium (sometimes called acute confusion) is characterised by the rapid onset of 
fl uctuating confusion and impaired awareness. Delirium is related to reduced integrity of 
brain function and is independently associated with adverse outcomes. Roughly 30% of 
elderly people admitted to hospital will develop delirium, and the point prevalence 
estimate for delirium for patients in long-term care is 15%.

Fluctuating disability
Fluctuating disability is day-to-day instability, resulting in patients with ”good”, 
independent days, and ”bad” days on which (professional) care is often needed.

726 T. Shamliyan et al. / Ageing Research Reviews 12 (2013) 719– 736
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Fig. 4. Prevalence of frailty in older women depending on definition and age categories (sorted by increasing age) (high level of evidence) (Brody et al., 1997; Cigolle et al.,
2009; Fried et al., 2001; Klein et al., 2005; Song et al., 2010).

risk using the deficit accumulation definition (Cawthon et al., 2007;
Ensrud et al., 2009b; Gu et al., 2009; Puts et al., 2005a). Women
have increased mortality across studies and definitions of frailty
(Bandeen-Roche et al., 2006; Gu et al., 2009; Puts et al., 2005a).
One Chinese study found a significant dose–response association
between a greater number of deficits and increased mortality in
women across all age categories (Gu et al., 2009). The studies did
not directly compare survival rates between the sexes.

We  also estimated the population risk of mortality attributable
to frailty (Kane et al., 2011). Taking into account the pooled pop-
ulation prevalence (23.6% and 14.4% for accumulation deficits and
phenotype definitions, respectively) and multivariate adjusted rel-
ative risks (1.15 and 1.5), we estimated that 3–5% of deaths among
older adults could be delayed if frailty was prevented.

The effect of frailty on remaining life expectancy in individu-
als was estimated using the U.S. Life Tables and relative risk of
death from pooled analyses and individual studies (Table 3). In
the young–old (ages 65–74), only those very few who  were frail
suffered significant alterations in predicted life expectancy. In the
old–old, particularly past age 90, the added effect from frailty was
minimal.

4. Discussion

The absence of frailty is a significant indicator of successful
aging (Fedarko, 2011). However, the lack of consensus on the

definition  of frailty creates clinical and research challenges
(Sternberg et al., 2011). Frailty occurs on a spectrum of sever-
ity, and defining the moment that frailty begins is difficult (Xue,
2011). Broad, multi-element frailty definitions are bound to be
more inclusive (Rockwood and Mitnitski, 2011; Weiss, 2011; Yao
et al., 2011). One key challenge is to develop consensus on the ques-
tion of whether disability is a component of or an outcome of frailty
(Sternberg et al., 2011). Another critical challenge is identifying
the tipping point at which frailty’s progression becomes associated
with poor survival.

Our  review identified important associations between frailty
and mortality, regardless of the definition used. Because frailty

Table 3
Differences in remaining life expectancy in elderly persons from the general popu-
lation and with frailty.

Age Remaining life
expectancy in the
general  population

Frailty  (phenotype) Frailty (accumulation
deficit)

65 18.4 −3.2 −1.1
70 14.9 −2.8 −1.0
75 11.7 −2.5 −0.9
80 8.9 −2.1 −0.7
85 6.5 −1.6 −0.6
90 4.6 −1.2 −0.4
95 2.8 −0.7 −0.2

100 0.4 −0.1 −0.1

Shamliyan	T,	Ageing	Res	Rev,	2013	

Décès Déclin	fonctionnel
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representing 44.7% of the study population and 71% of
major mobility disability events (283 of 536 total events),
received considerable benefit (HR, 0.81). These results sug-
gest the potential for structured physical activity as a fea-
sible and effective intervention to reduce the burden of dis-
ability among vulnerable older persons, in spite of
functional decline in late life. To our knowledge, the LIFE
study is the largest and longest duration randomized trial of
physical activity in older persons.

The LIFE study has important strengths, including the
objectively measured primary outcome of major mobility
disability that is a reliable,22 well-validated, and important
clinical and public health outcome in older people.11 Partici-
pants at high risk for disability were recruited from 8 field
centers spanning the United States, including urban, subur-
ban, and rural settings, and included a high proportion of
older adults from African American and Hispanic back-
grounds. Although highly prevalent and increasing in size,

Figure 2. Self-reported and Accelerometry-Derived Physical Activity by Treatment Group
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Plotted values represent least squares means (95% CI) from a mixed-effects
model adjusting for clinical site and sex (both used to stratify randomization)
and the baseline self-reported walking/weight training activities or
accelerometry counts. In addition to the above-mentioned terms, the model
contained a term for the intervention group, follow-up clinic visit, and the
intervention × visit interaction. All participants had expected follow-up through
24 months and approximately 47% of randomized participants had expected

visits at 36 months. Accelerometry data were not collected at the 36-month
visit. Baseline values represent the overall mean of both groups combined (a
standard practice when using the analysis of covariance method): this is the
assumed value for both groups when obtaining least squares means at
follow-up using mixed-effects analysis of covariance. The baseline,
prerandomization value is reflected by follow-up time 0. The P value is less than
.001 for the average intervention effect.

Figure 3. Effect of a Moderate Physical Activity Intervention on the Onset of Major Mobility Disability and Persistent Mobility Disability

1.0

0.8

0.6

0.4

0.2

0

Events
Physical activity
Health education

No. at risk
Physical activity
Health education

Physical activity

Health education

HR,  0.82 (95% CI, 0.69-0.98); P = .03Pr
op

or
tio

n 
of

 E
ve

nt
-F

re
e 

Pa
rt

ic
ip

an
ts

Follow-up Time, y
0

0
0

818
817

3.5

246
286

11
13

Major mobility disability

0.5

29
33

758
765

1.0

67
105

706
680

2.0

155
190

559
540

1.5

115
155

646
617

3.0

224
277

182
162

2.5

197
232

378
358

1.0

0.8

0.6

0.4

0.2

0

Physical activity

Health education

HR, 0.72 (95% CI, 0.57-0.91); P = .006Pr
op

or
tio

n 
of

 E
ve

nt
-F

re
e 

Pa
rt

ic
ip

an
ts

Follow-up Time, y
0

0
0

818
817

3.5

120
162

12
10

Persistent mobility disability

0.5

18
25

761
762

1.0

32
64

726
707

2.0

88
118

579
567

1.5

64
91

673
655

3.0

113
158

188
178

2.5

104
138

393
371

HR indicates hazard ratio. The graph for major mobility disability was truncated
at 3.5 years and the health education group had 4 additional failures between
3.5 and 3.6 years of follow-up. Number of events represents cumulative events

and adjusted HRs and P values are from proportional hazards regression models
defined in the Methods section.
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ADDRESSING KNOWLEDGE GAPS WITH FUTURE WORK

Frailty has garnered increasing recognition in the critical care community as a
powerful modifier of outcome; however, there remain substantial gaps in our knowl-
edge on the interaction of frailty and critical illness and care. First, as mentioned,
we need to clarify the most valid and reliable methods to screen for frailty among
patients admitted to the ICU.26,79 Likewise, we need additional work on when
and how best to understanding the driving component domains for frailty among
ICU survivors57 to inform on personalized approaches and strategies to facilitate
recovery and rehabilitation. Second, we need to expand the scope of work evalu-
ating the spectrum of survivorship issues encountered by frail patients, including
interaction of these long-term outcomes with the duration and intensity of life sup-
port. In addition, we also need to better understand the prehospital trajectory in
frailty and functional status in association with survival and other survivorship out-
comes (ie, HRQL, functional autonomy, mental health). Third, in anticipation of an
aging population and greater numbers of frail patients potentially interacting with
critical care, health system planning would benefit from a better understanding of
the health economic implications of frailty. Fourth, we need to improve our under-
standing of how clinicians may use knowledge of baseline frailty status in their
triage decision making and regarding decisions to recommend withholding or with-
drawing life-sustaining therapy in intensive care settings. Can screening for frailty
be leveraged to identify those least likely to benefit from ICU support and those
most likely to benefit from palliation? Finally, this work ideally would culminate in
the development and evaluation of personalized multimodal interventional ap-
proaches to care aligned with patient and family preferences, which may include
either symptom management and palliation or customized rehabilitation and seam-
less transition from the ICU to the ward and from the hospital to the community
(Table 3).

Table 3
The potential knowledge implications of routine evaluation for frailty among critically ill and
surgical patients

Knowledge
Implication Detail

Triage decision
making

Decision making on the suitability and benefit of ICU admission or listing for
surgical procedure

Therapeutic
decision
making

Decision making regarding the scope and duration of ICU support (ie,
time-limited trials)

Decision making about setting and/or discussion of goals of care
Prognostic information about post-ICU or surgical survivorship experiences

(ie, impact on HRQL, autonomy, disposition, health services use)

Transition of
care

Informed priorities/specialized needs for transfer from ICU/HDU to regular
ward

Informed priorities/specialized needs for transfer from hospital to
community (ie, home-based geriatric services, primary care
communication)

Interventions Aimed to maximize physical recovery (ie, minimize disability)
Aimed to maximize cognitive, psycho-social and emotional recovery
Aimed to support family caregivers (ie, mitigate burden)

Abbreviations: HDU, high-dependency unit; HRQL, health-related quality-of-life; ICU, intensive
care unit.

Montgomery et al16

Montgomery	CL,	Crit	Care	Clinic,	2018

Triage	/	admission

Projet	de	soin

Trajectoire	de	soin

Optimisation

Guidet	B,	JAMA,	2017
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Table 3

Characteristics associated with disability and/or death in older ICU survivors

Characteristic or Exposure Measurement Comment Supporting Studies

Age Independent predictor in more recent larger cohort 
studies, but not in older smaller cohort studies 10–14

Pre-Existing Disability
Admission from skilled-
care facility, Katz ADLs, 

Barthel Index

Pre-hospitalization estimates of disability using 
more detailed surveys than the Katz ADLs need 
validation (e.g. Barthel Index).

4, 19, 20, 28, 58

Pre-Existing Frailty CFS Subjective measure that quickly identifies at risk 
patients 67

Severe Sepsis
Persistent physical disability and neurocognitive 
impairment for up to 8 years after treatment of the 
initial infection

36

Medical or Unplanned Surgical ICU 
Admission 13

Use of Mechanical Ventilation 5, 16

Chronic Critical Illness PMV via tracheostomy ≥ 
10 days

Highest reported mortality among older ICU 
survivors 16, 24

Burden of Comorbidity High Charlson 
Comorbidity Score 14, 19

DNR Preference DNR order at hospital 
discharge

DNR decision reflects a patient preference, and 
may also reflect a severity of chronic illness and 
frailty not captured with other measurements

19

Disability at Hospital Discharge
Discharge to skilled-care 

facility, Katz ADLs, 
Barthel Index

Less disability is predictive of full-functional 
recovery among 1-year older ICU survivors (23) 5, 16, 19, 23, 28

Frailty at Hospital Discharge CFS or Fried’s Index Fried’s frailty measurements identify deficits that 
may be targets for post-ICU interventions 19, 68

ADL: Activities of Daily Living; CFS: Clinical Frailty Scale; PMV: Prolonged Mechanical Ventilation; DNR: Do-Not-Resuscitate

Minerva Anestesiol. Author manuscript; available in PMC 2015 June 09.

Baldwin	MR,	2015

Facteurs	pronostics	en	ICU
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Table 3 Survival analysis all patients (Cox model: all patients are censored at a maximum of 30 days)

HR (95% CI) p

Univariate analysis

 Frailty

  Vulnerable (4) vs fit (1–3) 1.24 (1.07–1.43) 0.005

  Frail (5–9) vs fit (1–3) 1.88 (1.67–2.1) < 0.001

 Frailty

  2 vs 1 1.33 (0.91–1.93) 0.136

  3 vs 1 1.27 (0.89–1.81) 0.187

  4 vs 1 1.56 (1.09–2.23) 0.014

  5 vs 1 1.97 (1.38–2.81) < 0.001

  6 vs 1 2.16 (1.51–3.08) < 0.001

  7 vs 1 3.08 (2.15–4.41) < 0.001

  8 vs 1 3.29 (2.20–4.92) < 0.001

  9 vs 1 4.50 (2.45–8.25) < 0.001

 Age

  5-year increase 1.21 (1.14–1.30) < 0.001

 Gender

  Male vs female 1.11 (1.01–1.22) 0.039

 SOFA score

  One-point increase 1.14 (1.13–1.16) < 0.001

 Type of admission

  Acute vs elective 6.72 (5.22–8.67) < 0.001

Multivariate analysis

 Frailty

  Vulnerable (4) vs fit (1–3) 1.19 (1.03–1.38) 0.021

  Frail (5–9) vs fit (1–3) 1.54 (1.38–1.73) < 0.001

 Age

  5-year increase 1.2 (1.12–1.28) < 0.001

 Gender

Male vs female 1.17 (1.06–1.29) 0.002

 SOFA score

  One-point increase 1.13 (1.12–1.14) < 0.001

 Type of admission

  Acute vs elective 4.72 (3.65–6.10) < 0.001

Acute admissions only (n = 4115)

 Frailty

  Vulnerable (4) vs fit (1–3) 1.18 (1.02–1.38) 0.031

  Frail (5–9) vs fit (1–3) 1.53 (1.36–1.72) < 0.001

 Age

  5-year increase 1.19 (1.12–1.28) < 0.001

 Gender

  Male vs female 1.17 (1.06–1.29) 0.002

 SOFA score

  One-point increase 1.13 (1.12–1.14) < 0.001

Flaaten	H,	Intensive	Care	Med,	2017

Prospective

n=	5021
84	ans

Mortalité	ICU
22,1%

Mortalité	J30
32,6%

Fragilité	(CFS)
43,1%

Indépendamment	
associée	à	la	mortalité

Fragilité	associée	à	la	mortalité
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Table 1. Differences in clinical characteristics between frail and non-frail patients

Characteristic Not frail
n = 102

Frail
n = 170

P-value

Age (years) 83 (81–85.25) 85 (82–88) 0.004

SOFA score 10 (6–14) 10 (7–14) 0.99

Gender (female) 57.8% 58.8% 0.87

Non-invasive ventilation 7.8% 15.9% 0.06

Intubation & mechanical ventilation 85.3% 84.7% 0.90

Vasoactive drugs 65.7% 74.7% 0.11

Renal replacement therapy 21.6% 19.4% 0.67

Respiratory failure 19.6% 18.2% 0.78

Combined circulatory & respiratory failure 23.5% 28.2% 0.39

Post-elective surgery 20.6% 12.4% 0.07

One-day stay (< 24h at ICU) 19.6% 16.5% 0.51

End-of-life care* 9.8% 16.5% 0.13

Withholding of treatment 6.9% 8.8% 0.57

Withdrawal of treatment 2.9% 7.6% 0.18

ICU length of stay (days) 5.7 (1.1–17.3) 3.1 (1.3–13.1) 0.26

ICU survival 66.3% 47.6% 0.003

30-day survival§ 59.1% 40.4% 0.005

SOFA: Sequential Organ Failure Assessment; ICU: Intensive Care Unit; *End-of-life care: the overall proportion of patients with only withholding and patients with and 
appropriateness (including patients with previous of treatment; §Survival estimates reported after exclusion of patients lost to follow-up (11.2% and 13.7% missing 30-day 
observations of frail and non-frail patients respectively)

In univariate analyses, patients with frailty syndrome 
were older and had a significantly lower ICU and 30-day sur-
vival rate than those without frailty (Table 1). The unadjusted 
OR for death in the ICU associated with frailty was equal to 
2.17 (95% CI: 1.3–3.62; P = 0.003), with a similar effect on 
30-day mortality and an OR of 2.13 (95% CI: 1.26–3.64, P = 
0.005). There were no differences in terms of the baseline 
SOFA score and utilisation of ICU procedures based on the 
presence of frailty. End-of-life care was applied in 16.5% and 
9.8% of the frail and non-frail patients respectively (P = 0.13).

Three variables that significantly increased the odds of 
ICU death were identified in the multiple logistic regression 

model, namely: SOFA score (OR = 1.16; 95% CI: 1.16–1.24); 
acute mode of admission (OR = 5.1; 95% CI: 1.67–15.57); and 
frailty (OR = 2.25; 95% CI: 1.26–4.01) (Table 2). Age was not 
a significant predictor of poor outcome after adjustment for 
other clinical characteristics. An analogous model for 30-day 
mortality exhibited similar findings (results not shown).

An exploratory model investigating whether patients 
lost to follow-up were more severely ill was provided to 
verify the possibility of attrition bias. We found that a com-
bination of SOFA score, frailty and type of admission could 
not predict which patients would leave the study (none of 
these features achieved statistical significance; AUC = 0.56).

Table 2. Multiple logistic regression model — mortality in the ICU

Characteristic Estimate SE P-value Adjusted OR (95%CI)

SOFA score 0.15 0.03 < 0.001 1.16 (1.09–1.24)

Frailty 0.81 0.30 0.006 2.25 (1.26–4.01)

Acute admission 1.63 0.57 0.004 5.10 (1.67–15.57)

Age (years) 0.042 0.037 0.25 1.04 (0.97–1.12)

Gender (female) 0.15 0.28 0.58 1.17 (0.67–2.02)

Intercept –8.96 3.19 0.005 -

SOFA: Sequential Organ Failure Assessment

Fronczek	J,	Anesthesiology	Intensive	Therapy,	2018

Fragilité	meilleure	que	l’âge	ou	le	SOFA	pour	prédire	le	décès	intra	ICU	?
Chez	l’âgé,	d’autres	indicateurs	sont	à	prendre	en	compte

Fragilité	(CSF)
62,5%

Survie	ICU
54,6%

Survie	J30
47,3%

Fragilité	=	marqueur	d’intérêt

Multicentrique	prospective	2016	et	2017
n=	272;	>80	ans,	SOFA	moyen	10.
àmortalité	en	ICU	et	mortalité	à	J30
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Evaluation	gériatrique	standardisée

Globale

Temps

En	dehors	d’une	phase	aigue
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Fried	 Rockwood

USA

Dimensions	motrice +	énergétique

Evaluation	clinique

« Phénotype	de	fragilité »

Evaluation	mesurée

Canada

Dimensions	physiques	+	cognitivo-sociales

Accumulation	de	déficits	(symptômes,	clinique,
maladie,	biologie)

« Index	de	fragilité	globale,	multi-domaine »
Plusieurs	révisions	des	échelles.

Interrogatoire

Approche	Physiologique
Gold	Standard
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Fried,		Phénotype	de	fragilité

Perte	de	poids
§ 5%	sur	1	an

Vitesse	de	marche	lente
§ <	0,6m/sec

Sédentarité
§ <	380	Kcal/sem	(homme)	
§ <	270	Kcal/sem	(femme)

Faiblesse	musculaire
§ HandGrip	réduit	de	20%	/norme

Fatigue
§ Épuisé	/	fatigue	permanente	
§ Au	moindre	effort

Si	≥	3	items	 Fragile
Si	1	ou	2		 Pré-fragile
Si	0 Non	fragile

Fried	LP,	J	Gerontol	A	Biol	Sci	Med	Sci,	2001

Mesures	OBJECTIVES

Décès	à	3	ans Décès	à	7	ans

Robuste 3% 12%

Pré-fragile 7% 23%

Fragile 18% 43%
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Rockwood,	Frailty-Index	à CFS

- Cognition
- Humeur
- Motricité
- Équilibre
- Continence
- ADL
- Nutrition
- Conditions	sociales
- Co-morbidités

Modèle	du	Cumul	de	déficits	
Fragilité	multi-domaine

à 7	stades

Fragilité	
si	≥	4

Rockwood	K,	CMAJ,	2005

Clinical	Frailty	Scale
Jugement	cliniqueQuestionnaires	à	70	items	

CSHA-1	Frailty	Index		

Confusion	langage?

their risks of death and of entry into an institutional facility) with
simple clinical descriptors. We defined the Clinical Frailty Scale
using the terminology of Streiner and Norman.21 Rooted in our
theoretical model of fitness and frailty7 and the importance of
function (which we reported in earlier investigations),12 our Clini-
cal Frailty Scale (Box 1) ranges from 1 (robust health) to 7 (com-
plete functional dependence on others).

In 1996, we began CSHA-2, the second stage of the study. Of
the 10 263 people in CSHA-1 who had been examined clinically
and found to be without dementia, 2305 (22.5%) were examined
again by one of a team of clinicians (33 family physicians, 30 in-
ternists or geriatricians, 11 neurologists and 3 psychiatrists), who
then applied the Clinical Frailty Scale and the other measures in
Box 2, for comparison. This reduced study population (874 men
[37.9%] and 1431 women) consisted of 210 people (9.1%) who
had entered institutional facilities since CSHA-1; 1326 (57.5%)
who were still living at home or elsewhere in the community and
whose 3MS screening results in CSHA-2 now indicated cognitive
impairment (i.e., a 3MS score of 77 or less); and 769 (33.4%), also
living within the community, whose 3MS scores remained at 78
or greater and who formed a comparison group.

Our objective in the present study (CSHA-3), begun in 2001,
was to validate the Clinical Frailty Scale by following those pa-
tients who remained alive 5 years after CSHA-2 (1299/2305
[56.4%]). Follow-up vital and domicile status (living in the com-
munity or in an institution) was known for all 2305 participants
who did not have dementia at the time of CSHA-2, of whom 249
had entered an institutional facility between CSHA-2 and -3.

At the end of the clinical interview in CSHA-2, the interview-
ing physician assigned the subject a score of 1 to 7 on the Clinical
Frailty Scale. Each interview was reviewed and scored again by a
multidisciplinary team that included the physician and therefore
was not blinded to the initial score.

Given the increased likelihood of falls, episodes of delirium
and cognitive impairment among people who are frail, we
recorded that information. Physicians making the initial Clinical
Frailty Scale assessment had access to diagnoses and assessments
related to these variables and other measures of comorbidity,
function and associated features that inform clinical judgments

about the severity of frailty. They were, however, unaware of sub-
jects’ results on other frailty indexes. The subjects assessed were
almost always new to the clinician involved.

To assess the construct validity of the CSHA Clinical Frailty
Scale, in the analysis we compared patients’ scores from the initial
assessments only with their results from other established tools
that indicate the degree of frailty by measuring function and co-
morbidity1 (see Box 2).12,23–26 When applying the CSHA Function
Scale, we excluded “walking” and “transferring” because data
from nursing homes were incomplete for many patients.

The Frailty Index is a count of 70 clinical deficits from the
CSHA clinical assessment (Appendix 1). Items included the pres-
ence and severity of current diseases, ability in the activities of
daily living, and physical and neurological signs from the clinical
examinations. Each deficit was dichotomized or trichotomized
and mapped to the interval 0–1 (i.e., individual assessment items
could be scored as 0, 0.33, 0.50, 0.67 or 1.0) to represent the
severity or frequency of the problem (see Box 2). No variable had
more than 5% missing data. Except for the Clinical Frailty Scale
(which was completed on all but 8 patients), any values that were
missing were imputed using the relevant mean.

We used Pearson or Spearman correlation coefficients to mea-
sure the degree of correlation (i.e., to test convergent construct
validity) between the Clinical Frailty Scale and the other, estab-
lished measurement tools. To assess predictive validity, an aspect
of criterion validation,21 we constructed Kaplan–Meier curves per

Rockwood et al
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Box 1: The CSHA Clinical Frailty Scale

1 Very fit — robust, active, energetic, well motivated and
fit; these people commonly exercise regularly and are in
the most fit group for their age

2 Well — without active disease, but less fit than people in
category 1

3 Well, with treated comorbid disease — disease symptoms
are well controlled compared with those in category 4

4 Apparently vulnerable — although not frankly dependent,
these people commonly complain of being “slowed up”
or have disease symptoms

5 Mildly frail — with limited dependence on others for
instrumental activities of daily living

6 Moderately frail — help is needed with both instrumental
and non-instrumental activities of daily living

7 Severely frail — completely dependent on others for the
activities of daily living, or terminally ill

Note: CSHA = Canadian Study of Health and Aging.

Box 2: Tools for measuring degree of frailty that were
compared with the CSHA Clinical Frailty Scale*

• Modified Mini-Mental State Examination22 (3MS), in which
a score† of 77 or less indicates cognitive impairment

• Cumulative Illness Rating Scale,23 a comorbidity measure that
has been validated with autopsies

• A history† of falls, delirium, cognitive impairment or dementia
(as per DSM-III-R criteria for the diagnosis of dementia)24

• CSHA rules-based definition of frailty,12 which categorizes
subjects as 0 (having no cognitive or functional impairment),
1 (isolated urinary incontinence), 2 (dependent in 1 ADL or
having a diagnosis of CIND) or 3 (dependent in at least 2 ADLs,
having mobility impairment or having a diagnosis of dementia)

• CSHA Frailty Index, a count of 70 deficits (listed in Appendix 1),
including the presence and severity of current diseases, ability
in ADLs and physical signs from clinical and neurologic exams.
(A person with 7 deficits, for example, would have an index
score of 7/70 = 0.10. The relative frailty or fitness of a patient
can be calculated as a percentage difference from the average
score for people of that age.) To indicate severity, each deficit
not restricted by its nature to two values (i.e., 0 or 1 for absence
or presence, respectively) was assigned three (0, 0.5 or 1) or four
values (0, 0.33, 0.67 or 1.0), as appropriate

• CSHA Function Scale (based on the extensively validated Older
American Resources Survey), which scores the patient on each
of 12 ADLs (some instrumental) as 0 (the patient is independent
in carrying out this ADL), 1 (needs assistance) or 2 (is incapable)

Note: CSHA = Canadian Study of Health and Aging, 3MS = Modified Mini-Mental State
Examination, ADL = activity of daily living, CIND = cognitive impairment, no dementia.
*Except for the 3MS, a higher score on these tests represents greater morbidity.
†The clinicians assessing study participants on the CHSA Clinical Frailty Scale were
aware of these factors in the medical history but blinded to scores from all the other
indexes listed, except for results from the 3MS (as indicated).
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EQ-visual analog scale compared with those who are not frail. We also observed
HRQL was modified by frailty severity, with greater CFS scores associated with
greater impairment in HRQL (Fig. 5).30 Of note, the EQ-visual analog scale scores re-
ported by frail survivors of critical illness were consistently worse than those described
in other contemporaneous cohorts of sepsis, acute respiratory distress syndrome,
sepsis, and acute kidney injury survivors.52–54 Frail survivors showed lower mental

Fig. 3. Pooled risk ratios for (A) hospital and (B) long-term mortality (>6 months) among
frail and not frail patients admitted to intensive care. CI, confidence interval. (From
Muscedere J, Waters B, Varambally A, et al. The impact of frailty on intensive care unit out-
comes: a systematic review and meta-analysis. Intensive Care Med 2017;43(8):1115; with
permission.)

Fig. 4. Kaplan–Meier survival curves stratified by Clinical Frailty Scale score among patients
admitted to the intensive care unit (ICU). (From Bagshaw SM, Stelfox HT, McDermid RC, et al.
Association between frailty and short- and long-term outcomes among critically ill patients:
a multicentre prospective cohort study. CMAJ 2014;186(2):E100.)

Frailty and Recovery After ICU 9

Bagshaw	SM,	CMAJ,	2014
Montgomery	CL,	Crit	Care	Clinic,	2018

Index each correlated to a similar degree with age (0.35 and
0.29, respectively); the 3MS measure of cognition (0.58,
0.59); the Cumulative Illness Rating Scale, which measures
comorbidity (0.43, 0.48); the CSHA Function Score (0.78,
0.74); and the CSHA rules-based frailty definition (0.67
and 0.65, respectively). Reliability between the 2 ratings of
the CSHA Clinical Frailty Scale assessments was very high
(intraclass correlation coefficient 0.97, p < 0.001).

Hazard ratios for death and entry into an institutional
facility (Table 2) in each case showed increasing risk with
increasing frailty (Fig. 1, upper graph). ROC curve analyses

of the CSHA Clinical Frailty Scale and the Frailty Index
revealed similar areas under the curves, a performance bet-
ter than that of the other measures (Table 3). The best
result was achieved for near-term mortality (death within
18 months), with an area under the curve of 0.77.

Similarly, worse frailty was associated with an increased
probability of entering an institutional facility (Fig. 1,
lower graph). The Clinical Frailty Scale and the Frailty In-
dex had comparable performances in ROC analyses, which
again was better than the performance of the 3MS or
Cumulative Illness Rating Scale tools (Table 3). However,

the CSHA Function Scale showed sig-
nificantly better performance than all
other measures in assessing risk for en-
try into an institution.

In multivariable models that adjusted
for age, sex and education (Fig. 1), each
1-category increment of our Clinical
Frailty Scale significantly increased the
medium-term risks (i.e., those within
about 70 months) of death (21.2%,
95% CI 12.5%–30.6%) and entry into
institutional care (23.9%, 95% CI 8.8%–
41.2%).

Interpretation

We have shown that the Clinical
Frailty Scale is an effective measure of
frailty and provides predictive informa-
tion similar to that of other established
tools about death or the need for an
institution. The Clinical Frailty Scale is
easy to use and may readily be adminis-
tered in a clinical setting, an advantage
over the tools previously developed. For
example, counting deficits with the
Frailty Index is easy to understand, and
powerfully correlates the relation be-
tween frailty and death; on the other
hand, it requires the physician to consi-
der a list of no fewer than 70 possible
disorders. The 7-category Clinical Frail-
ty Scale showed good criterion validity,
with a dose–response effect in relation to
5-year prediction of death or entry into
an institutional facility and reasonable
construct validity, with worse health
characteristics associated with increasing
frailty.

The Clinical Frailty Scale mixes
items such as comorbidity, cognitive im-
pairment and disability that some other
groups separate in focusing on physical
frailty.3 Although support exists for sepa-
rate approaches,28 consensus does not,1,2
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Fig. 1: Kaplan–Meier curves, adjusted for age and sex, for study participants (n)
over the medium term (5–6 years), according to their scores on the CSHA Clinical
Frailty Scale. Some scores were grouped. Top: Probability of survival. Bottom:
Probability of avoidance of institutional care.

Rockood	K,	CMAJ,	2005

En	ICU,	Mortalité	à	1	an

Survie

« EHPAD »

patients were more likely than nonfrail patients to
become functionally dependent (71% v. 52%; OR
2.25, 95% CI 1.03–4.89) (Table 3). In a sensitiv-
ity analysis, this association was stronger when
stratified by a baseline frailty score of more than
5 or of 3 or lower (78% v. 46%; OR 4.14, 95% CI
1.34–12.73). Health-related quality of life was
generally lower among the frail patients than
among the nonfrail patients at 6 and 12 months,
and across all physical and mental health
domains; however, both groups had lower health-
related quality of life compared with the general
population of Alberta22 (Table 4).

Interpretation

In this prospective multicentre study of a represen-
tative cohort of critically ill patients over the age of
50, we found that frailty was common, affecting
one-third of the participants. Frail patients differed
from nonfrail patients in many sociodemographic
and clinical characteristics, including having a
greater burden of comorbid illness and functional

impairment at ICU admission. Despite both groups
having similar treatment intensity, frail patients
were more likely to experience adverse events, had
longer lengths of stay in ICU and hospital, and
were more likely to die while in hospital and
within 12 months after admission. Among sur-
vivors, frail patients were more likely than nonfrail
patients to have new functional dependence at hos-
pital discharge and had higher rates of hospital
readmission. There was a similar disadvantage for
frail patients for worse health-related quality of life
across all domains measured. These associations
were stronger with increasing severity of frailty
and persisted even after adjustment for sociodemo-
graphic factors, premorbid health status, comor-
bidities and illness severity.

Our data suggest that frailty can be measured in
patients admitted to the ICU using a simple bed-
side assessment tool and is an important prognos-
tic factor in both the short and long term.23 Similar
to acute care hospital admission contributing to an
increased likelihood of cognitive impairment, an
episode of critical illness may have a sustained

Research

CMAJ, February 4, 2014, 186(2) E99

0.5 1 2 3 4 5 6
Hazard ratio (95% CI)

Model
Frailty
score HR (95% CI) 

Unadjusted 1–3
4
5

6–8

1.00
2.01
2.88
3.76

(ref)
(1.25–3.24)
(1.65–5.02)
(2.33–6.07)

Model 1 1
4
5

6–8

1.00
2.03
3.00
3.52

(1.26–3.28)
(1.71–5.22)
(2.16–5.73)

Model 2 1–3
4
5

6–8

1.00
1.90
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3.08

(1.18–3.07)
(1.53–4.71)
(1.88–5.06)

Model 3 1–3
4
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Figure 3: Adjusted hazard ratios for death within 12 months after admission to an intensive care unit, strat-
ified by Clinical Frailty Scale score (score > 4 indicates frailty). Hazard ratios greater than 1.0 indicate an
increased risk of death. The models were adjusted as follows: model 1 for age and sex; model 2 for age,
sex and Elixhauser score (comorbidity indicator); model 3 for age, sex, Elixhauser score and non–age-spe-
cific Acute Physiology and Chronic Health Evaluation (APACHE) II score (illness severity); model 4 for age,
sex, Elixhauser score and Sequential Organ Failure Assessment (SOFA) score (presence and severity of
organ dysfunction); and model 5 for age, sex, Elixhauser score, non–age-specific APACHE II score and hospi-
tal type (tertiary care/academic v. community). CI = confidence interval, ref = reference group. 
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in cohort age inclusion criteria. The geographical spread 
is large and the range of findings could potentially reflect 
the different critical care service delivery models in oper-
ation internationally.

Considered collectively, these data indicate insuffi-
cient knowledge about how to best measure and describe 
frailty in the critical care setting where more refined 
methods like a comprehensive geriatric assessment [9] 
from a geriatrician is highly resource-intensive and fre-
quently unavailable.

Future studies must focus on the validity, reliability and 
feasibility of frailty measures. Construct validity is the 
degree to which a test measures the concept it is claim-
ing to measure. Convergent validity is a component of 
construct validity and is a measure of the degree to which 
two measures of the same construct are related. This is 
highly important in the context of frailty in critical care, 
but there has been a relative absence of research in this 
area. Criterion validity is the extent to which a measure 
is related to an outcome, and can be subdivided into con-
current validity (how the measure predicts an outcome 
measured at the same time, such as disability) and pre-
dictive validity (how the measure predicts a future event, 
such as mortality). There is a strong link between frailty, 
co-morbidity and disability. This has historically been 
considered a challenge, but measurement of concurrent 
validity (e.g. how frailty predicts existing disability) and 
predictive validity (e.g. how frailty predicts future disabil-
ity, nursing home admission, or mortality) are attractive 
options for research, particularly as studies of predictive 
validity have tended to focus on mortality as an outcome 
[10]. In addition, the inter-rater and test–retest reliability 
of frailty measures must be measured and reported. Such 
studies have started to appear [11]. Of the available tools, 
the CFS has been tested against other frailty instruments 
[12] and has now been translated to several languages 
and has been used extensively, not only within intensive 

care. It is easy to learn, but several validity and reliability 
properties of CSF are at present missing.

In this issue of ICM, a large register-based study from 
Brazil is published using a modified frailty index (mFI) 
[13]. The mFI is derived from the original FI that was 
developed as a part of the Canadian Study of Health 
and Ageing [14], and is constructed of 70 items most of 
them based on symptoms that describes frailty. Further 
modification with a reduction of the items in the FI has 
been used in clinical and administrative databases. This 
mFI ends up with a very small number of items and 
both 11- and 19-item versions have been used [15, 16]. 
The 11-item mFI results in a large reduction  in specific 
frailty deficits, leaving only 1 item, on physical function. 
In addition, the reduction has been carried out with-
out a formal investigation of convergent validity against 
the original FI. Overall, the mFI deviates from the gen-
eral multidimensional concept of frailty developed over 
recent decades, and is more consistent with a comorbid-
ity measure.

Given the importance of frailty in the context of critical 
care, we must be confident that the instruments used to 
identify the condition are robust and properly validated. 
A wide range of tools to identify frailty are available in 
general settings, and should be considered for investiga-
tion in the context of critical care. In particular, the docu-
mentation of construct and criterion validity alongside 
reliability and feasibility for practice is necessary before 
we can recommended them for use in routine clinical 
practice.
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score in the ICU (p = 0.0007). Thus, 40 patients were discharged
alive from the hospital. By the end of the study, 22 (48.9%) of the 45
patients had died.

3.5. Impact of geriatric management (Fig. 2)

At hospital discharge the mean functional autonomy score was
75.6 ! 28.4 for patients transferred to the geriatric ward and
64.6 ! 26.9 for patients transferred to a general ward (p = 0.2). At
the end of the study the mean Barthel index was 81.5 ! 30.4 for
patients managed in the geriatric ward and 70.5 ! 33.4 in other group
(p = 0.4). Finally, 57.9% (11/19) of patients in the geriatric ward group
returned home after hospital discharge, compared to 47.6% (10/21) of
the patients in the standard ward group (p = 0.6). The need for third-
party assistance increased in, respectively, 52.6% (11/19) and 61.9%
(13/21) of cases (p = 0.7). At the end of the study, 84.6% (11/13) of
patients in the geriatric ward group had returned home, compared to
90.0% (9/10) of the patients in the standard ward group (p = 1).

4. Discussion

This study of 45 patients aged at least 75 years shows that
autonomy is usually recovered rapidly after discharge from an ICU,
and that the degree of recovery depends on the level of autonomy
prior to ICU admission.

Recruitment of acute-care elderly patients to this type of
prospective study is notoriously difficult (Berkman et al., 2001).
The accrual rate was slow in our study, owing to unexpected reasons
for exclusion. The main problem was urgent patient transfer from
the ICU (<24 h), and transfer at the weekend. The large proportion of
patients requiring highly specialized care after the ICU stay suggests
that age is less of a barrier (or that the age barrier is rising), as
observed in other controlled randomized trials (Lee et al., 2001;
McMurdo et al., 2005). This phenomenon can be due to the
university settings of the hospital. For these patients, the acute
geriatric unit appears to be inappropriate; nevertheless, it seems
highly likely that these patients experience same needs concerning
autonomy and global management. Their care management in close
collaboration with the specialized unit seems to be a possible target
of a mobile geriatric team (inpatient geriatric consultation service).
More anecdotally, many exclusions were due to distance or language
problems, reflecting the increasing mobility of elderly people, as
reported in other countries (Tate et al., 2006).

Assuming a non-participation rate of 20%, we nonetheless
overestimated the likely accrual rate, while the total number of
patients over 75 admitted to the ICU was relatively stable during
the study period. Retrospectively, 142 patients were discharged
alive from the ICU without having first been transferred from
another ward. With a non-participation rate of 20%, 114 patients
should have been enrolled, even more than the 65 expected when
planning the trial. There are three possible ways of increasing the
accrual rate for such a study: (1) one is to lengthen the inclusion
period, but this would create the risk of a bias due to the evolution
of patient management over time; (2) a multicenter study would
raise the problem of standardizing practices among the participat-
ing geriatric wards and ICUs; and (3) autonomy could be assessed
routinely on discharge from ICUs, as such observational data, when
collected in proper conditions, are scientifically valid (Benson and
Hartz, 2000).

Despite the inadequate statistical power of our study, the
observed changes in autonomy favoured post-ICU management in
a dedicated geriatric ward. Our results could serve as a basis for
calculating the required number of patients for future studies
based on the Barthel index. Taking a difference of 10 points and a
standard deviation of 20 points, as reported here, with an alpha risk
of 5 and 80% power, 98 patients would be needed in each group.
Our analysis is original because, contrary to previous studies, the
assessment in the ICU was standardized and prospective
(Boumendil et al., 2007). In addition, the assessors were blinded
to the randomization arm, which is infrequent in studies of
healthcare organization (Hopewell et al., 2007). Our results also
underline the importance, in terms of functional outcome, of the
type of post-ICU in-hospital management. In long-term follow-up
studies, the relative importance of the in-hospital and post-
hospital periods were not analyzed separately (Boumendil et al.,
2007).

Finally, this work, although terminated prematurely, shows
that a randomized study of the benefits of specific geriatric
management is feasible, although the protocol must take into
account the specificities of geriatric research (Berkman et al.,
2001). In a field where few data are available (Boumendil et al.,
2007) and where healthcare organization is a major financial and
therefore ethical challenge, it is important to report studies
including those with ‘‘inconclusive’’ or ‘‘negative’’ results, in order
to avoid a publication bias in systematic reviews and meta-
analyses (Coultas, 2007; Hopewell et al., 2007).

Fig. 2. Changes in autonomy (Barthel index) over time.

D. Somme et al. / Archives of Gerontology and Geriatrics 50 (2010) e36–e40 e39

Somme	D,	Arch	Gerontol	Geriatr,	2010
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Take	Home	Messages

a common trajectory in late life,3 and perhaps the most problematic expression of
population aging. It is a “state of exaggerated vulnerability and poor resolution of ho-
meostasis following a stress” (Fig. 1).4 This excessive state of vulnerability has both
biological and mathematical underpinnings, represented by the 2 best-known models
of frailty, to be described further herein. Regardless of the model, frailty is a powerful
predictor of adverse outcomes including mortality, morbidity, functional decline, falls,
health services use, and subsequent institutionalization.5–10 It is, therefore, increas-
ingly vital to screen for a prefrail and frail state to case find at an early stage those per-
sons who are perceived to be vulnerable and to anticipate and possibly modify the risk
of these adverse events. Beyond this, frailty measurement before critical illness in
particular, and any acute care hospitalization in general, can provide important knowl-
edge about the clinical course and trajectory of recovery, along with prognostic infor-
mation to help inform health care decisions by individuals, families, and health care
professionals. One key focus for discussion should be early, informed decisions on
the intensity and duration of advanced life support in an intensive care setting and
an understanding of patient and family preferences for goals of care in this context.
Beyond case finding, a multidimensional frailty measure can direct attention to the
precise system(s) of vulnerability in a survivor of critical illness, allowing targeted multi-
modal assessments and interventions to strengthen and build resilience against a
future episode of heightened stress. Likewise, health care delivery can be reimagined
to better meet the needs of a rising number of older adults who are living with frailty
and survivors of critical illness.

PATHOPHYSIOLOGY OF FRAILTY

Frailty is a state of reduced homeostatic reserve (ie, physical, cognitive, physiologic,
immune) and exaggerated vulnerability to adverse events after seemingly relatively mi-
nor stressor events. Frailty can be considered simultaneously as both a syndrome and

Fig. 1. The theoretic trajectories of frail and not frail patients before and after an episode of
critical illness. (From Singer JP, Lederer DJ, Baldwin MR. Frailty in pulmonary and critical care
medicine. Ann Am Thorac Soc 2016;13(8):1395; with permission.)

Montgomery et al2

Montgomery	CL,	Crit	Care	Clinic,	2018
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Take	Home	Messages
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Figure 1. Proposition d’un arbre décisionnel de dépistage du syndrome de fragilité.
Figure 1. Pattern of a decision-making tree of screening frailty un older subjects.

Plusieurs aspects doivent être précisés pour que le
concept de fragilité de la personne âgée puisse se traduire
par des recommandations à mettre en œuvre dans la pra-
tique gériatrique et gérontologique.

1- Constitution d’un outil simple de repérage de la fragi-
lité :
– sur quel modèle ?
– pour quelle utilisation ?

Points clés

• La fragilité de la personne âgée est un syndrome cli-
nique.
• Son dépistage est pertinent pour les personnes âgées
autonomes pour les activités de base de la vie quoti-
dienne.
• Plusieurs critères cliniques ont été proposés pour défi-
nir la fragilité, mais un consensus international reste à
établir.

2- Pertinence de la fragilité pour l’évaluation :
– d’anciens et de nouveaux traitements en gériatrie ;
– de procédures de soins ;
– de filières de prise en charge médicale et sociale en popu-
lation générale.

3- Place de la fragilité dans la prévention :
– peut-on proposer le dépistage et la prise en charge de la
fragilité comme approches pertinentes de la prévention de
la dépendance ?
– le syndrome de fragilité peut-il être proposé pour initier
des campagnes de prévention par l’évaluation gériatrique
standardisée ou de dépistage de certaines maladies (mala-
die d’Alzheimer, cancer. . .).

L’ensemble de ces aspects sera l’objet d’un séminaire
de travail sous l’égide à la fois de l’Organisation mondiale
de la santé (OMS), de l’International association of geriatry
and gerontology et de la Société française de gériatrie et
gérontologie.

Conflits d’intérêts : aucun.

390 Geriatr Psychol Neuropsychiatr Vieil, vol. 9, n ◦ 4, décembre 2011
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