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Summary

BACKGROUND: Frailty is a health characteristic resulting
from the loss of physiological reserve of multiple organs,
leading to exposure to adverse outcomes, and is possibly
reversible in its earliest stages. It is identified by a specific
phenotype that contributes to the practice of geriatric med-
icine, where it is considered a potential target for preven-
tive action. This phenotype has recently attracted inter-
est in other medical specialties for risk assessment before
stressful interventions in older adults. Whereas frailty is
unusual in sexagenarians, pre-frailty is common. This lon-
gitudinal study aimed to evaluate the significance of fulfill-
ing at least one criterion of the frailty phenotype in the late
sixties as a predictor of short- and long-term mortality in
males and females.

METHODS: Data came from the first sample of the Lc65+
cohort, representative of the community-dwelling Lau-
sanne population born between 1934 and 1939 (n =
1315). After baseline assessment of the five criteria of
Fried’s frailty phenotype (shrinking, exhaustion, muscular
weakness, motor slowness and low physical activity) in
2005 (age 66—71 years), deaths were recorded over 14
years. We separated individuals into non-frail (fulfilling O
criterion) and (pre-)frail (1+ criteria). The relationship be-
tween the phenotype and mortality was investigated
graphically using Kaplan-Meier survival curves and quan-
tified in Cox models. Multivariable analyses incrementally
controlled age, socioeconomic and health characteristics.
The prediction of fully adjusted models was evaluated us-
ing the Harrell's C index.

RESULTS: Overall, 401 persons (30.5%) were (pre-)frail
at baseline. A quarter of the 1315 participants died over
14 years (n = 336, 25.6%). The mortality rate was signifi-
cantly higher in males in the (pre-)frail subgroup only. Sur-
vival curves showed a significant effect of (pre-)frailty on
the risk of dying for both sexes. The effect of (pre-)frailty
on mortality was stronger during the first 4 years of the
follow-up. In males, it was significant both in short (0—4
years) and longer (>4—14 years) terms. In females, it was
significant in the short term only. In all models, the estimat-
ed effect was stronger in males. The fully adjusted mod-

el was fairly predictive of death in the short term both in
males (Harrell’s C 0.79) and females (0.75).

CONCLUSIONS: The significantly higher mortality of indi-
viduals presenting 1+ frailty criteria supports the appropri-
ateness of a systematic assessment of the frailty pheno-
type at the age of 66—71 years. In both females and males,
early identification of pre-frailty has the potential to limit
or reverse the development of frailty and extend lifespan
through adequate individual management.

Introduction

Determining the biological age of older adults and the re-
lated risk of dying is a challenge for epidemiologists and
for clinicians. The chronological age is an imperfect in-
dicator of this risk since health in later life is highly het-
erogeneous. An approach based on single diseases is not
satisfactory either, as coexistence of multiple chronic con-
ditions is frequent in old age [1]. Comprehensive health
indicators related to the risk of dying are needed to ap-
proximate the biological age of older individuals. Besides
characteristics such as the level of comorbidity or func-
tional dependency, the concept of frailty emerged in recent
decades as an attempt to capture the loss of physiological
reserve available to face stressful situations in old age.
Amidst various measures proposed to assess frailty, the
five dimensional phenotype described in 2001 by Fried et
al. [2] has attracted particular attention. As described by
Dent et al. [3], Fried’s frailty phenotype and Rockwood’s
frailty index appear to be the two most common and robust
assessment tools in epidemiological research. Fried’s phe-
notype relies on a clear conceptual model referring to the
biology of the aging process [4], which explains its fast dif-
fusion in the medical field. Older individuals classified as
phenotypically frail have been found to be at significantly
higher risk for a range of adverse health outcomes, includ-
ing death. As the prevalence of a frail phenotype rises with
age [5, 6], measuring frailty makes sense primarily as a
component of routine geriatric assessments. Furthermore,
frailty assessment is increasingly advocated in anaesthesi-
ology, surgery or oncology to evaluate the mortality risk of
exposure to stressful treatments at an advanced age [7-9].
Although more knowledge should still be acquired regard-
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ing effective interventions on frailty and its consequences
in general [10, 11], an individually-tailored management
of frail patients may address rehabilitation needs related to
specific problems such as denutrition, sarcopenia or cogni-
tive decline, both before and after invasive procedures.

However, the relevance of frailty assessments before the
age of 75 is less clear. Several population-based studies re-
ported low rates of frailty but also a high prevalence of pre-
frailty in middle and early old age [12]. The significance
of this observation deserves further research. On one hand,
pre-frail individuals are more likely to return to a non-frail
state than frail individuals, as shown in several studies of
transitions [13]; therefore pre-frail individuals may be a
particularly appropriate target for preventive action. On the
other hand, because fulfilment of only one criterion of the
Fried’s frailty phenotype is sufficient to classify individu-
als as pre-frail, the diagnosis of pre-frailty may be unstable
and prone to measurement errors. The extent to which the
frailty phenotype should be assessed before the age of 75
as an indicator of biological age and to target preventive
actions depends on the capability of this phenotype to pre-
dict adverse outcomes such as death.

The aims of this study were to investigate the association
between (pre-)frailty and mortality in a population of 66-
to 71-year-old community-dwelling persons, to estimate
the extent to which the frailty phenotype predicts short-
term (0 to 4 years) and long-term (>4 to 14 years) mortali-
ty, and to consider sex differences.

Methods

Study population

The Lausanne cohort 65+ study (Lc65+) started in 2004
to investigate the natural history of frailty in the general
population. It enrolled in 2004, 2009 and 2014 three suc-
cessive samples of community-dwelling, 65 to 70 year old
adults living in the city of Lausanne. Design, random se-
lection of participants from the population register and da-
ta collection were previously described [14]. Briefly, all
participants included in the cohort filled in an initial ques-
tionnaire sent during the recruitment year, collecting infor-
mation on personal history and health. The following year
they were invited to the study centre for a baseline inter-
view and examination including anthropometric measure-
ments, and physical and cognitive performance tests, and
they completed a self-administered questionnaire mailed
before the appointment. We used baseline data from the
first sample of the Lc65+ cohort recruited in 2004 and as-
sessed for frailty in 2005.

The study protocol and informed consent were approved
by the Ethics committee for human research of the Canton
of Vaud (19/04).

Frailty assessment
The five components of Fried’s frailty phenotype were
evaluated at baseline with minimal adaptations [14]:

1. shrinking, defined as any reported unintentional
weight loss in the previous year;

2. exhaustion, defined as a response “much” to the ques-
tion “Did you have feelings of generalised weakness,
weariness, lack of energy in the last four weeks?”;
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3. low physical activity, defined as reporting <20 minutes

of sport activity once a week and <30 cumulated min-
utes of walking per day 3 times a week and avoiding
climbing stairs or carrying light loads in daily activi-
ties;

4. muscular weakness, defined as a low grip strength

measure,

5. motor slowness, defined as a low gait speed in a

20-metre walk test.

Low grip strength and slow walking were defined using
Fried et al. reference cut-off values observed in the Cardio-
vascular Health Study [2]. Individuals were classified ac-
cording to the number of frailty criteria fulfilled and cate-
gorised into non-frail (0 criterion), pre-frail (1-2 criteria)
and frail (3 criteria).

Mortality

Deaths were recorded over a 14-year follow-up period
starting from the 2005 baseline frailty assessment and val-
idated by consultation of the Canton of Vaud population
registry. As this registry did not provide information on the
vital status of drop-out participants who moved outside the
Canton of Vaud, their follow-up was censored at the date
of move or last direct contact.

Covariates

Covariates for adjustment included demographics (age at
inclusion, sex), socioeconomic and health characteristics
reported at inclusion. Education was defined by the highest
completed level and categorised into basic compulsory,
apprenticeship and post-compulsory schooling (including
baccalaureate, technical and professional schools, and uni-
versity). Financial difficulties were defined by a positive
answer to the question “Do you sometimes have trouble
making ends meet?”; missing responses were imputed
based on benefit of means-tested subsidies reported in the
initial questionnaire. Living alone was defined by the re-
sponse “zero” to the question “How many people do you
currently live with?”. Depressive feelings were defined by
a positive response to either of the following two ques-
tions: “During the past month, have you often been both-
ered by (1) feeling down, depressed, or hopeless? (2) little
interest in doing things?” [15]. The number of chronic dis-
eases was based on a list of 11 diagnoses: hypertension,
coronary heart disease, other heart disease, stroke, diabetes
mellitus, chronic respiratory disease, osteoporosis, arthri-
tis, cancer, ulcer and Parkinson’s disease. Impaired basic
activities of daily living were defined by reported difficul-
ties or help received during the past 4 weeks in any of
five activities: showering or bathing, dressing, transferring
from bed or chair, using toilets, and eating, both at recruit-
ment and in the following year.

Statistical analysis

Descriptive statistics compared the baseline profile of sur-
vivors and dead participants at the end of the observation
period using chi? tests for nominal variables and Student’s
t-test for the variable age.

Mortality analyses explored the effect of a dichotomised
frailty explanatory variable separating individuals fulfill-
ing at least one frailty criterion (i.e., pre-frail of frail phe-
notype) or none (non-frail), overall and by sex. We com-
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puted mortality rates, expressed as the number of deaths
per 1000 people per year, using the stptime command in
Stata, and analysed the effect of frailty on survival. The
evolution of mortality was first illustrated by Kaplan-
Meier unadjusted survival curves. The association between
frailty and the mortality outcome was analysed in Cox re-
gression models. The proportionality assumption was test-
ed and validated first graphically and then including time-
dependent covariates in the model (tvc option in Stata),
defined as an interaction term between each variable in
the model and the logarithm of time. As the assumption
of proportionality of risk was not satisfied in the 0 to 14
years follow-up, we used time-split Cox proportional haz-
ards models that enable varying hazard ratios (HRs) with-
in multiple time intervals to be estimated. Log-log plots
according to the frailty status were used to determine a
time cut-off for sub-analyses of early (0 to 4 years) and
later (>4 to 14 years) mortality risk. Model 1 controlled
the confounding effect of age at baseline. Model 2 adjust-
ed for age and socioeconomic covariates (education, finan-
cial difficulties and living alone). Model 3 controlled age,
socio-economic and health covariates (depressive feelings,
number of chronic diseases and impairment in basic activi-
ties of daily living). The predictive capability of multivari-
able Cox models was evaluated using Harrell’s C index, a
value of 0.5 indicating no predictive discrimination and a
value of 1.0 indicating perfect discrimination [16]. P-val-
ues <0.05 were considered as statistically significant. All
analyses were conducted using Stata 16.1 software.

Results

Among 1564 persons enrolled in 2004 in the Lc65+ study,
27 died in the following months, 108 filled only the recruit-
ment questionnaire and 7 were excluded from the baseline
data collection (5 cases of severe cognitive impairment, 2
end-of-life situations), leaving a sample of 1422 individu-
als for frailty assessment in 2005. The final study sample
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included 1315 subjects who could be classified as fulfill-
ing none (non-frail) versus at least one (pre-frail or frail)
of the five phenotype criteria (fig.1). The vital status at 14
years could be ascertained for all but 23 drop-out partici-
pants who left the study area during the follow-up period
and whose observation was therefore truncated at their last
participation.

Baseline characteristics of the 1315 participants included
in analyses are presented in table 1. Mean age at frailty
assessment was 69.1 years (standard deviation [SD] 1.4)
and females made 59.0% of the study sample. Overall,
914 (69.5%) participants could be classified as non-frail,
whereas 401 (30.5%) were pre-frail or frail: 336 (25.6%)
pre-frail, 35 (2.7%) frail, and 30 (2.3%) participants who
could not be assessed on all five dimensions but who ful-
filled at least one criterion of frailty.

A total of 336 (25.6%) persons died over the study period.
The mean + SD follow-up duration was 12.5 + 3.1 years
and the median was 14.0 years. As shown in table 1, the
baseline profile of survivors and participants who died dur-
ing the 14-year follow-up period was significantly differ-
ent in almost all characteristics. The deceased persons were
only slightly, but significantly, older at baseline (69.3 vs
69.0 years, p = 0.001). They were more frequently male
(49.4% vs 38.1%, p <0.001), had a lower educational level
(70.4% vs 62.6% with basic compulsory or apprenticeship,
p =0.030), more often lived alone (41.0% vs 33.3%, p =
0.011), expressed depressive feelings (31.3% vs 23.9%, p
= 0.006), had comorbidities (47.6% vs 37.6% with two or
more comorbidities, p <0.001) and reported functional dif-
ficulties (8.6% vs 3.2%, p <0.001). The prevalence of (pre-
)frailty and of each criterion of the frailty phenotype was
significantly higher among the deceased (44.9% vs 25.5%
pre-frail or frail, p <0.001).

Overall, mortality amounted to 20.4/1000 person-years
(95% confidence interval [CI] 18.3-22.7). It was higher
in males (25.3/1000, 95% CI 21.8-29.5) than in females

Figure 1: Study flowchart.

1564
participants enrolled in 2004

- e em mm o =

1422
completed baseline assessments
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1315
participants included in analyses

Death : 27
Exclusion : 7
Dropout ; 108

Incomplete assessment of frailty precluding
classification into none versus at least one
criterion : 107
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(17.2/1000, 95% CI 14.8-19.9; p <0.001). Kaplan-Meier
survival curves (fig 2) illustrate the significant effect of ful-
filling at least one phenotype criterion on mortality both in
males and in females.

The level of mortality among non-frail participants (overall
15.6/1000, 95% CI 13.5-18.0) was slightly, but not signif-
icantly higher in males (18.0/1000, 95% CI 14.6-22.0 ver-
sus 13.8/1000, 95% CI 11.3-16.9 in females; p = 0.074).

Mortality among pre-frail or frail participants (overall rate
32.8/1000, 95% CI 28.0-38.5) was significantly higher in
males (51.8/1000, 95% CI 41.2-65.1 versus 24.3/1000,
95% CI 19.4-30.4 in females; p <0.001).

In males, the short-term effect on mortality of fulfilling at
least one criterion of the frailty phenotype was significant
when adjusted for age only (adjusted hazard ratio [aHR]
at 4 years 8.0, 95% CI 3.3-19.2; p <0.001), for age and

Table 1:

Baseline characteristics according to vital status at the end of the follow-up.

N Alive (n =979) Deceased (n = 336) Total p-value 2

Age (years), mean + SD 1315 69.0+1.4 69.3+1.5 69.1+1.4 0.001
Sex, females, n (%) 1315 606 (61.9) 170 (50.6) 776 (59.0) <0.001
Education®, n (%)

— Basic compulsory 1308 233 (23.9) 96 (28.7) 329 (25.2) 0.030
— Apprenticeship 377 (38.7) 139 (41.6) 516 (39.4)

— Post-compulsory schooling 364 (37.4) 99 (29.6) 463 (35.4)

Financial difficulties, n (%) 1309 115 (11.8) 52 (15.6) 167 (12.8) 0.070
Living alone,” n (%) 1312 326 (33.3) 137 (41.0) 463 (35.3) 0.011
Depressive feelings,® n (%) 1294 228 (23.9) 102 (31.3) 330 (25.5) 0.006
Chronic diseases® °, n (%)

— None 1310 261 (26.7) 58 (17.4) 319 (24.4) <0.001
— 1 disease 348 (35.7) 117 (35.0) 465 (35.5)

— 2+ diseases 367 (37.6) 159 (47.6) 526 (40.2)

Basic ADL impairment, n (%) 1313 31(3.2) 29 (8.6) 60 (4.6) <0.001
Frailty phenotype, n (%)

— Non-frail (O criterion) 1315 729 (74.5) 185 (55.1) 914 (69.5) <0.001
— Pre-frail or frail (1 or more criteria) 250 (25.5) 151 (44.9) 401 (30.5)

Frailty, criteria, n (%)

— Shrinking 1314 65 (6.6) 61(18.2) 126 (9.6) <0.001
— Exhaustion 1315 51(5.2) 40 (11.9) 91 (6.9) <0.001
— Low physical activity 1298 62 (6.4) 49 (15.0) 111 (8.6) <0.001
— Muscle weakness 1289 127 (13.1) 62 (19.3) 189 (14.7) 0.007
— Slowness 1285 20 (2.1) 27 (8.4) 47 (3.7) <0.001

ADL = activities of daily living; SD = standard deviation
2 From chi2 test for nominal variables and Student’s t-test for variable age.

® From postal questionnaire 2004

¢ Among a list of 11 diagnoses: hypertension, coronary heart disease, other heart diseases, stroke, diabetes mellitus, chronic respiratory disease, osteoporosis, arthritis, cancer,

ulcer, Parkinson’s disease

frail

Males

Figure 2: Kaplan-Meier survival curves according to the frailty phenotype at baseline, by sex. Continuous line: non-frail, dotted line: pre-frail or
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socioeconomic characteristics (aHR 7.0, 95% CI 2.8-17.2;
p <0.001) and for age, socioeconomic characteristics and
health at baseline (aHR 5.2, 95% CT 2.0-13.8; p = 0.001).
The Harrell’s C statistic of models 1 to 3 ranged from 0.74
to 0.79 (table 2), indicating an acceptable discrimination.
The effect on mortality over years 4 to 14 was lower but
still significant, with aHRs between 2.6 (95% CI 1.9-3.6; p
<0.001; model 1) and 2.3 (95% CI 1.6-3.3; p <0.001; mod-
el 3). The Harrell’s C index ranged between 0.61 (model 1)
and 0.67 (model 3).

In females, the short-term effect on mortality of fulfilling
at least one criterion of the frailty phenotype was weaker
than in males but it was significant in the three models
(aHR 4.9, 95% CI 2.2-10.9; p <0.001; aHR 4.9, 95% CI
2.2-11.0; p <0.001 and aHR 3.5, 95% CI 1.5-8.1; p =
0.004, respectively). Harrell’s C ranged from 0.69 to 0.75.
However, the effect of pre-frailty or frailty on later mor-
tality was not significant with aHRs between 1.4 (95% CI
1.0-1.9; p=0.088, model 1) and 1.1 (95% CI 0.8-1.6; p =
0.574, model 3).

Discussion

Our study points to a significant association between pre-
frailty or frailty at the age of 66 to 71 years in community-
dwellers and the risk of dying in the following 14 years.
(Pre-)frailty had a significant relationship with mortality
in males and in females, particularly during the first 4
years of the follow-up. Models adjusting the effect of (pre-
)frailty for age only were predictive of short-term mortali-
ty, suggesting that it is a useful indicator of biological age.

Further adjustment for socioeconomic and health charac-
teristics slightly improved the prediction. The control of
covariates attenuated the effect on short-term mortality of
fulfilling at least one criterion of the frailty phenotype, ow-
ing to the known association of frailty with comorbidities,
depression and socioeconomic determinants of health, but
also revealed the independent effect of the phenotype.

Our results highlight important sex and period contrasts.
We recorded a higher mortality in males over the whole
study period. However, our subgroup analysis found that
among individuals who were non-frail at baseline males
and females did not have a significantly different risk of
dying. The excess mortality of males was observed in our
study selectively in the (pre-)frail subgroup. To our knowl-
edge, previous studies did not report on the sex-specific
risk of dying within subgroups defined by the frailty phe-
notype.

The association of frailty with the short-term mortality was
found in both sexes, but it was stronger in males. Previ-
ous studies of sex differences in the effect of the frailty
phenotype on mortality produced inconsistent results. One
meta-analysis [17] and some later studies [18-21] reported
a stronger effect of frailty on the risk of death in males,
whereas another, recent meta-analysis found a similar ef-
fect of the frailty phenotype on mortality in both sexes
[22]. A more deleterious effect of frailty in males may ex-
plain the so-called frailty paradox [23] of a higher preva-
lence of frailty in females and a higher mortality in males.

Relationships between the frailty phenotype and the risk of
death were not constant over time. Beyond 4 years, the ef-
fect on mortality of fulfilling at least one frailty criterion at

Table 2:
Adjusted effect of pre-frailty or frailty at age 66 to 71 on mortality, by sex and follow-up period, Cox regression models.
Model 12 Model 2 ° Model 3 ¢
MALES
0 to 4 years
Observations/events 539 25 532 24 522 23
HR (95% Cl) Non-frail (ref.) 1.00 1.00 1.00
Pre-frail or frail 8.00% (3.33-19.22) 6.95** (2.82-17.18) 5.20** (1.95-13.84)
Harrell’s C 0.74 (0.63-0.85) 0.77 (0.67-0.87) 0.79 (0.70-0.89)
>4 to 14 years
Observations/events 512 141 506 138 497 133
HR (95% CI) Non-frail (ref.) 1.00 1.00 1.00
Pre-frail or frail 2.59* (1.85-3.64) 2.39*+* (1.69-3.40) 2.26*** (1.55-3.29)
Harrell's C 0.61 (0.56-0.66) 0.65 (0.60-0.70) 0.67 (0.62-0.71)
FEMALES
0 to 4 years
Observations/events 776 29 767 29 750 27
HR (95% Cl) Non-frail (ref.) 1.00 1.00 1.00
Pre-frail or frail 4,87+ (2.18-10.86) 4.90*** (2.19-10.96) 3.47* (1.48-8.14)
Harrell's C 0.69 (0.58-0.80) 0.73 (0.63-0.82) 0.75 (0.65-0.84)
>4 to 14 years
Observations/events 743 141 734 138 719 135
HR (95% Cl) Non-frail (ref.) 1.00 1.00 1.00
Pre-frail or frail 1.35 (0.96-1.90) 1.27 (0.90-1.81) 1.1 (0.77-1.61)
Harrell's C 0.59 (0.54-0.64) 0.61 (0.56-0.66) 0.63 (0.58-0.68)

Cl: confidence interval; HR: Hazard ratio

***p <0.001, ** p <0.01
2 adjusted for age at baseline;

b adjusted for: model 1 + living alone, education and financial difficulties at baseline;

¢ adjusted for: model 2 + depressive feelings, chronic diseases, and impairment in basic activities of daily living reported at baseline
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baseline was weaker, but still significant in males. It van-
ished and lost significance in females. A lower influence of
the baseline frailty phenotype on long-term mortality and
a decreasing predictive capability with increasing follow-
up have been observed in other populations [24, 25]. They
may result from the dynamic nature of frailty and were ex-
pected, as the evolution of frailty is characterised by fre-
quent transitions between levels of the phenotype [13, 26].
Thompson et al. [24] noted that recurrent measurement of
the frailty phenotype improves the prediction of death.

This study has some limitations. It was performed in a pop-
ulation of a narrow age range and results should not be ex-
trapolated to older populations. Von Renteln-Kruse et al.
[20] described an effect of frailty on mortality stronger in
females, and weaker in males, beyond the age of 70. Tu-
rusheva et al. [27] found a significant relationship only in
the oldest subgroup. However, other studies [28, 29] and a
meta-analysis [17] did not find a significant effect of age
on the relationship between the frailty phenotype and the
risk of dying. Another limitation of our study, also relat-
ed to the age range of our study population, was the low
prevalence of frailty among sexagenarians. As a conse-
quence we grouped pre-frail and frail individuals in one
single category, as did other authors [29, 30]. In several
studies including older individuals, the effect of frailty on
mortality was stronger than the effect of pre-frailty [19,
31-37]. Finally, our results were limited to the relationship
between Fried’s frailty phenotype and mortality, and could
be different with other definitions of frailty.

Conclusions

The observation of one or more frailty criteria in sexage-
narians is predictive of death, particularly in the following
4 years. This suggests the appropriateness of a systematic
assessment of the frailty phenotype in both sexes to adapt
medical interventions to the individual needs.
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