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ABSTRACT

Keywords: Objectives: Frailty instruments predict mortality and functional decline, but their performance across
Fréllty sex and age groups has not been compared.
aging Design: This is a prospective population-based cohort study conducted between October 2014 and

physical performance
mortality
cohort study

September 2016, with mortality follow-up through December 31, 2022.
Setting and Participants: This study was conducted in Saarland, Germany, and included 2000
community-dwelling adults aged 63 to 89 years with complete data on 4 frailty instruments.
Methods: We conducted a population-based cohort study of 2000 participants aged 63 to 89 years. The
Clinical Frailty Scale (CFS), Fried Frailty Phenotype (FFP), Frailty Index (FI), and FRAIL Scale (FS) were
compared with respect to their cross-sectional associations with poor physical performance (Short
Physical Performance Battery score <6 points) and longitudinal associations with all-cause mortality in
models adjusted for age, sex, education, and smoking status.
Results: The frailty prevalence was similar when assessed with the FFP (18.1%), FI (18.7%), FS (18.5%), and
CFS (20.2%), and increased with age except for the FS. Frailty assessed by all instruments was signifi-
cantly associated with poor physical performance and all-cause mortality. The FFP exhibited the
strongest association with poor physical performance [odds ratio (OR), 9.19; 95% CI, 4.87-14.30],
whereas the ORs of the other instruments had comparable OR point estimates of about 4. The FI yielded
the strongest hazard ratio (HR) with mortality (HR, 3.83; 95% CI, 2.47-5.94), closely followed by the CFS
and FS, whereas the FFP had the weakest association (HR, 2.62; 95% CI, 1.76-3.90). The FFP showed the
best discrimination for poor physical performance across age and sex subgroups. For mortality, the FI
showed the best discrimination overall, except among men, in whom the FS performed best.
Conclusions and Implications: This study showed that the performance of frailty instruments varies
strongly by outcome of interest, sex, and age. This has implications for the choice of the frailty in-
strument to use in different clinical and research contexts.
© 2026 The Author(s). Published by Elsevier Inc. on behalf of Post-Acute and Long-Term Care Medical
Association. This is an open access article under the CC BY license (http://creativecommons.org/licenses/
by/4.0)).

The accurate measurement of frailty is vital for assessing
vulnerability in older adults. Frailty is a multidimensional state of
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mobility and muscle strength, which often precede disability and loss
of independence.’

Over the past decade, studies have developed and refined frailty
assessment scales, creating standardized, multidimensional frame-
works for evaluation in older adults.®’ The most frequently used
instruments include the Clinical Frailty Scale (CFS),® the Fried Frailty
Phenotype (FFP),? the FI,'® and the FRAIL Scale (FS)."! Despite these
advances, debate continues over which instrument is best suited for
clinical and research purposes.'>'®> These instruments differ funda-
mentally in their conceptual focus, ranging from physical
performance-based (FFP) and deficit accumulation-based ap-
proaches (FI) to clinician-rated (CFS) and self-reported screening
instruments (FS). Their relative suitability for different clinical out-
comes and research purposes is unknown.

The objective of this study is to conduct a comparative analysis of
these 4 frailty measures in a single cohort. An effective frailty tool
should demonstrate an increasing prevalence with advancing age,
show a strong association with poor physical performance, and
reliably predict all-cause mortality. Although numerous studies have
compared at least 2 frailty measures using mortality as an
outcome,'*® none has provided a sex- and age-specific comparison
and also examined associations with poor physical function. This
study is the first to offer such a comprehensive evaluation of the 4
most widely used frailty tools across different sex and age groups.

Methods
Study Design and Participant Selection

Our analyses use data from the ESTHER study (German name:
Epidemiologische Studie zu Chancen der Verhiitung Friiherkennung und
optimierten Therapie chronischer Erkrankungen in der dlteren Bev-
olkerung), a comprehensive population-based cohort study con-
ducted in Germany.’> Detailed descriptions of the study population
and design have been shown in Supplementary Text 1.

The only inclusion criterion was participation in the third home
visit (conducted from October 2014 to September 2016), to which all
ESTHER participants were invited. This time point served as the
baseline for the present analysis. Of 2342 home visit participants, 342
were excluded due to age outside 63 to 89 years or completely
missing frailty data, leaving 2000 for the final analysis
(Supplementary Figure 1).

The ESTHER cohort received approval from the ethics committee
of the Heidelberg Medical Faculty of Heidelberg University and the
State Medical Board of Saarland, Germany. All participants provided
written informed consent.

Frailty Measurements and Short Physical Performance Battery

Supplementary Text 2 describes the assessment methods of the
frailty instruments and the Short Physical Performance Battery
(SPPB). Supplementary Table 1 details the single items used to
calculate their scores/indices. Supplementary Table 2 gives the
rationale for the cutoffs chosen for the FI to define prefrailty and
frailty. Supplementary Figure 2 shows the cutoffs used to define
prefrailty and frailty for all 4 frailty instruments and for the SPPB to
define poor, suboptimal, and optimal physical performance.

Mortality Assessment

Deaths occurring between the home visit and December 31, 2022,
were ascertained through inquiries at residents’ registration offices,
which resulted in a mortality follow-up of 5.2 to 7.3 years (median,
6.2 years). Causes of death were classified using the International
Classification of Diseases, 10th Revision (ICD-10) codes, with

cardiovascular disease defined as 100 to 199 and cancer defined as C00
to C97. The vital status ascertainment was complete for all
participants.

Covariates

Covariates considered were age, sex, education, smoking status,
body mass index (BMI), and the Cumulative Illness Rating Scale-
Geriatric (CIRS-G) score. Their assessment methods are outlined in
Supplementary Text 3.

Statistical Analyses

Weighted kappa coefficients were computed to assess the inter-
instrument agreement between frailty instruments to define pre-
frailty and frailty. We used the interpretation of kappa coefficients of
Checa-Lopez et al,'* with <0.01 indicating no agreement, 0.01 to 0.20
indicating poor agreement, 0.21 to 0.40 indicating fair agreement,
0.41 to 0.60 indicating moderate agreement, and 0.61 to 0.80 indi-
cating substantial agreement. To assess the association of age with
(pre-)frailty, unadjusted ordinal logistic regression models were used
with frailty status (nonfrail, prefrail, and frail) as the dependent
variable and age as a continuous independent variable.

Logistic regression models, adjusted for age (continuous), sex,
education (categorical: <9, 10-11, and >12 years of school atten-
dance), and smoking status (categorical: never, former, and current
smoker), were used to estimate odds ratios (ORs) and 95% CIs for the
associations of prefrailty and frailty (assessed using the 4 in-
struments) with poor physical performance. Similarly, Cox propor-
tional hazards regression models, adjusted for the same covariates,
were used to estimate hazard ratios (HRs) and 95% Cls for the asso-
ciations of prefrailty and frailty with all-cause mortality. The pro-
portional hazards assumption was assessed using Schoenfeld
residuals.?” In sensitivity analyses, the models were extended by
additional adjustment for BMI (categorical: <21.5, 21.5 to <25, 25 to
<30, 30 to <35, and >35 kg/m?) and CIRS-G score (continuous). These
variables were not part of the main model because low BMI and
morbidity can be highly correlated with frailty and are also items of
some frailty instruments.

The predictive performance of the frailty measures was evaluated
using discrimination metrics. For logistic regression models,*® the
area under the receiver operating characteristic curve (AUC) was
calculated, and for Cox proportional hazards models, Harrell’s C-
statistic was used.?!

Supplementary Text 4 provides details on statistical software used
and the handling of missing data.

Results
Baseline Characteristics of the Study Population

The study included 2000 participants with a mean age + SD of
74.3 + 6.1 years (Table 1). Slightly more than one-half of the partic-
ipants (53.6%) were women. Almost two-thirds of the study partici-
pants had low education of <9 years (64.4%), whereas 18.6% had
attended school for 10 to 11 years, and 17.0% for >12 years. Most were
never smokers (55.3%), whereas the others were either former
(38.7%) or current smokers (6.0%). In terms of BMI, nearly one-half of
the participants (44.3%) were classified as overweight (25 to <30 kg/
m?), whereas 23.9% met the criteria for obesity (>30 kg/m?). The
burden of comorbidity, as measured by the CIRS-G, showed a mean
score + SD of 7.49 + 5.54, and Supplementary Table 3 shows the
detailed rating in all 14 organ systems.

The proportion of study participants classified as prefrail or frail
was generally comparable across the 4 frailty measures with
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Table 1
Baseline Characteristics of the Study Population (N = 2000)
Variables Data
Age,y 743 + 6.1
Female 1072 (53.6)
Education, y*
<9 1289 (64.4)
10—11 371 (18.6)
>12 340 (17.0)
Smoking status™
Never smoker 1107 (55.3)
Former smoker 773 (38.7)
Current smoker 120 (6.0)
BMI, kg/m?*
<215 132 (6.6)
21.5 to <25 503 (25.2)
25 to <30 887 (44.3)
30 to <35 374 (18.7)
>35 104 (5.2)
Total CIRS-G morbidity score” 7.49 + 5.54
FFP*
Nonfrail 390 (19.5)
Prefrail 1248 (62.4)
Frail 362 (18.1)
CFS
Nonfrail 438 (21.9)
Prefrail 1159 (57.9)
Frail 403 (20.2)
FI*
Nonfrail 399 (19.9)
Prefrail 1227 (61.4)
Frail 374 (18.7)
FS*
Nonfrail 712 (35.6)
Prefrail 919 (45.9)
Frail 369 (18.5)
SPPB*
Optimal 569 (28.5)
Suboptimal 1033 (51.6)
Poor 398 (19.9)

Data are presented as mean =+ SD or n (%).

*Missing values for education (1.3%), smoking status (1.9%), BMI (1.7%), the 14
somatic organ systems of the CIRS-G (0.1-0.5%) (Supplementary Table 2), and items
from the FI, FFP, FS, and SPPB (0.1-8.2%) (Supplementary Table 1) were imputed
using random forest implemented with the missRanger package in R (version 2.6.0;
R Foundation for Statistical Computing, Vienna, Austria).

approximately 60% classified as prefrail and 20% classified as frail. As
assessed by the SPPB, 28.5% of participants had optimal, 51.6% had
suboptimal, and 19.9% had poor physical performance.

Concordance of Frailty Measures

The agreement between the 4 frailty measures in classifying in-
dividuals as prefrail and frail ranged from fair to moderate (Figure 1).
Moderate agreement was noted in the total sample between the CFS
and FI (kappa: 0.47), whereas the agreement of the comparisons
between other frailty measures was fair (kappa values: 0.26-0.40).
The agreement of the instruments did not differ substantially by sex.
However, the kappa values were generally higher among the older
(75-89 years) than the younger (63-74 years) subgroup.

Increasing Frailty Prevalence With Age

As illustrated in Figure 2, the proportion of frail individuals
increased progressively with age in the total population for all frailty
instruments (P < .001 in the ordinal logistic regression model), with
exception of the FS (P >.05). The age trend was clearest for the FI and
FFP. This trend was consistently observed across sex- and age-specific
groups.

Baseline Association Between Frailty Scales and Physical
Performance

Every fifth study participant had poor physical performance (n =
398, 19.9%). In the total study population, frailty was significantly
associated with poor physical performance across all frailty in-
struments, with frailty defined by the FFP showing the strongest
association (OR, 9.19), followed by the other 3 instruments, which
were each associated with approximately 4-fold higher odds of poor
physical performance (Table 2). Prefrail individuals had >4-fold odds
for poor physical performance when assessed by the FFP and
approximately 2-fold odds when assessed by the other frailty
instruments.

Stratified analyses revealed notable differences in the strength of
associations by sex and age (Table 2). However, across all subgroups,
the FFP consistently demonstrated the strongest association with
poor physical performance; the strength of the association was also
consistent with the exception of a slightly weaker association among
younger study participants (aged 63-74 years). In women, frailty
classified by the FI showed the second strongest association, whereas
in men, the FS ranked second. Among younger individuals, frailty
classified by the FS had the second strongest association, whereas in
older adults, the FI showed the second strongest association.

The observed ranking of model discrimination based on AUC for
poor physical performance was FFP > FS > FI > CFS in the total
population, FFP > FI > FS > CFS among females, FFP > FS > FI > CFS
among males, FFP > FS > FI > CFS among younger individuals, and
FFP > FI > FS > CFS among older individuals (Table 2).

Longitudinal Association of Frailty Status and All-Cause Mortality

During a median follow-up of 6.2 years, 368 of the 2000 partici-
pants died. Cardiovascular disease and cancer were the leading
causes of death, accounting for 30.4% (n = 112) and 24.2% (n = 89) of
all deaths, respectively. In adjusted Cox proportional hazard regres-
sion models, frailty was significantly associated with increased all-
cause mortality across all frailty measures and all populations
(Figure 3). The Schoenfeld residual test indicated no violation of the
proportional hazards assumption (all P >.05). Among all participants,
frailty was associated with a 2.6- to 3.8-fold increased mortality
across the different frailty measures, with the FI showing the stron-
gest association. Prefrailty was associated with a 1.3- to 1.7-fold
increased risk, with again the FI showing the strongest association.
Only the association of prefrailty classified by the CFS was not sta-
tistically significant.

Frailty classified by the FI showed the highest mortality among
women, younger, and older individuals (Figure 3). Among males, the
FI ranked second after the FS. The FS was also the only frailty in-
strument with a stronger association of frailty with mortality among
males than females, whereas it was vice versa for all other in-
struments. The frailty instruments had comparable associations with
mortality in the younger and older subgroup with exception of the
FFP, which showed a stronger association of frailty with mortality
among younger compared with older individuals.

The observed ranking of model discrimination based on C-statistic
for all-cause mortality was FI > CFS > FS > FFP in the total population,
FI > FFP > CFS > FS among females, FS > FI > FFP > CFS among males,
FI > FFP > CFS > FS among younger individuals, and FI > FS > CFS >
FFP among older individuals (Figure 3).

Sensitivity Analyses
In sensitivity analyses, additionally adjusting for BMI and CIRS-G,

the results were highly consistent with the main analyses for both
poor physical performance (Supplementary Table 4) and all-cause
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Fig. 1. Interinstrument agreement between the 4 frailty instruments in the classification of nonfrail, prefrail, and frail individuals: (A) overall, (B) women, (C) men, (D) aged 63 to

74 years, and (E) aged 75 to 89 years.

mortality (Supplementary Figure 3). Although all HRs and ORs mostly
decreased and AUCs increased in all models, the top ranked frailty
instrument always remained the same as in the main analysis.

Discussion

This study provides a comprehensive comparison of 4 widely used
frailty measures (FFP, FI, CFS, and FS) in relation to aging, physical
performance, and all-cause mortality in a large population-based
cohort of older adults. Our findings underscore the differences
among these measures regarding their predictive value for the
different outcomes, and across sex and age groups.

Although the proportion of patients classified as prefrail and frail
was similar across the FFP, FI, FS, and CFS measures, their inter-
instrument agreement was fair to moderate. This reflects the con-
ceptual differences in frailty measurements. Each test has a unique
methodologic feature. The FS relies only on self-reported informa-
tion, the CFS relies on clinical judgment of physicians, the FI only
includes age-related deficits, and the FFP is the only instrument that
includes physical assessments (grip strength and gait speed). The
only instruments with a moderate agreement were the CFS and FI.
This aligns with prior research suggesting that frailty measures
capturing cumulative deficits (eg, FI) tend to correlate more strongly
with clinical frailty assessments (eg, CFS) because for both, age-
related diseases play an important role? In contrast, the weak
agreement of the FS with other measures supports previous concerns
regarding its limited overlap with more comprehensive frailty
assessment methods.** In the nursing home setting, the FI identified
more than twice as many frail individuals as the FS (94% vs 41%).>>

Frailty is increasingly recognized as a clinical manifestation of
biological aging, characterized by multisystem dysregulation.’

Within the geroscience framework, frailty reflects underlying pro-
cesses such as chronic inflammation, mitochondrial dysfunction, and
cellular senescence.>® The extent to which frailty instruments cap-
ture these mechanisms varies.>” According to our results, the FFP and
FI best reflected aging processes, because the prefrail and frailty
prevalences estimated by these instruments increased consistently
with age. This pattern was less evident for the FS and CFS, which may
be explained by their more subjective nature. Self-reported or
clinician-rated assessments may correlate less closely with biological
age than the FFP, which is partly based on objective measurements of
grip strength and gait speed. The high correlation of FI with age is not
surprising given that Fl components are commonly selected based on
their association with aging and health decline.*®

All 4 frailty measures were strongly associated with poor physical
performance, as assessed by the SPPB, with the FFP demonstrating
the strongest association. This finding is expected given that the FFP
directly incorporates components of physical function, which are also
central to the SPPB.

Interestingly, the FI, which is based on the accumulation of defi-
cits across multiple domains, showed a weaker association with poor
physical performance compared with the FFP. This may indicate that
the FI captures broader aspects of health deterioration beyond
musculoskeletal decline, including cognitive and metabolic impair-
ments, which are not directly measured by the SPPB. The FS and CFS
also demonstrated weaker associations, which may reflect the fact
that they do not include physical performance items in their frailty
assessment.

Stratified analyses revealed notable sex and age differences in the
strength of associations between frailty and poor physical perfor-
mance. Among women, the FI showed the strongest association after
the FFP, implying that cumulative health deficits play a more
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Fig. 2. Age trend of frailty prevalence according to the 4 frailty measures in the total population and specific subgroups: (A) Fried Frailty Phenotype, (B) Frailty Index, (C) Clinical
Frailty Scale, and (D) FRAIL Scale. The P values were derived from ordinal logistic regression models to test the association between the study participant’s age (continuous) and

frailty status (nonfrail/prefrail/frail).

prominent role in female frailty-related functional decline. In
contrast, the FS exhibited the second strongest association after the
FFP, suggesting that self-reported fatigue and weight loss may be
particularly relevant predictors of functional decline in men.>”*®
These findings align with prior research showing sex differences,
with men more often physically frail and women accumulating more
chronic disease—related deficits.*

Age-stratified analyses showed that the ranking of frailty mea-
sures in modeling poor physical performance differed between
relatively younger (63-74 years) and older (75-89 years) individuals
in the study population, with the FS ranking second among younger
participants and the FI ranking second among older participants. This
pattern could be explained by the fact that the FI, which heavily
depends on disease burden, may show stronger associations with
poor physical performance in older compared with younger in-
dividuals, because older individuals tend to have a higher prevalence
and greater severity of chronic diseases.

The FI had the strongest association with mortality in the total
population and all subgroups except men, which can be explained by
its construct as a cumulative deficit model based on age-related
items. This close link to aging makes it a robust instrument for all-
cause mortality prediction. Surprisingly, the FS outperformed the FI
among men. All individual items of the FS are strong predictors of
mortality; possibly, some of them predict mortality better among
men than women. For all other frailty instruments, the association of
frailty with mortality was stronger among women than men, which

is consistent with previous literature.**> However, the biological
reason for this is unknown.

Interestingly, despite its strong association with physical perfor-
mance, the FFP had the weakest association with mortality in the
total study population. This may be due to its emphasis on short-term
functional decline rather than broader systemic health deteriora-
tion.** Nevertheless, the FFP ranked second in women for mortality
prediction, highlighting again sex differences in frailty-health
outcome associations and suggesting that, in women, functional
decline is more prevalent and occurs earlier in life, with lower
baseline physical reserves contributing to reduced resilience against
loss of function.

The frailty instruments had comparable associations with mor-
tality in relatively young (63-74 years) and old (75-89 years) in-
dividuals with exception of the FFP, which showed a stronger
association of frailty with mortality among younger than older in-
dividuals. This likely reflects that declines in physical performance
are less common earlier in life, making them more potent indicators
of mortality risk when present.

Taken together, these findings carry important clinical and public
health implications, which are outlined in Supplementary Text 5.

This study has several strengths, including the use of a large, well-
characterized, population-based cohort that supports robust statis-
tical analysis. The comprehensive assessment of 4 frailty measures
alongside an objective physical performance test and complete
mortality assessment allowed a robust analysis of high internal
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Baseline Associations of Frailty Status Assessed With Different Instruments With Poor Physical Performance

Frailty Status

Total Study
Population,
Ntotal = 2000

Women,
Neotal = 1072

Men,
Notal = 928

Npoor = 398 (19.9%)

Npoor = 225 (21.0%)

Npoor = 173 (18.6%)

63-74vy,
Notal = 978

Npoor = 118 (12.1%)

75-89y,
Neotal = 1022

Npoor = 280 (27.4%)

FFP

Nonfrail

Prefrail

Frail

AUC (95% CI)*
CFS

Nonfrail

Prefrail

Frail

AUC (95% CI)*
FI

Nonfrail

Prefrail

Frail

AUC (95% CI)*
FS

Nonfrail

Prefrail

Frail

AUC (95% CI)*

Ref.

4.80 (2.94-7.82)
9.19 (4.87—14.30)
0.804 (0.780—0.828)

Ref.

1.87 (1.18-2.96)
4.06 (2.32-7.11)
0.745 (0.717—0.773)

Ref.

1.78 (1.17-2.71)
3.77 (2.15-6.64)
0.762 (0.734—0.789)

Ref.

2.02 (1.39-2.92)
3.97 (1.83—8.64)
0.764 (0.738—0.790)

Ref.

3.71 (1.74—7.90)
8.16 (2.12—16.42)
0.812 (0.779—0.845)

Ref.

2.20 (1.17-4.15)
4.68 (2.14-10.22)
0.752 (0.716—0.788)

Ref.

1.35 (0.76—2.41)
2.83 (1.29-6.18)
0.775 (0.740—0.809)

Ref.
2.33(1.39-3.91)
6.15 (2.33-16.27)
0.760 (0.724—0.796)

Ref.

5.73 (3.02—10.86)
7.94 (2.99-14.07)
0.791 (0.755—0.827)

Ref.

1.48 (0.75—2.90)
3.34 (1.50-7.47)
0.737 (0.694—0.780)

Ref.

2.30 (1.24—4.28)
5.00 (2.18—11.48)
0.746 (0.703—-0.789)

Ref.

1.83 (1.06—3.15)
1.74 (0.41-7.45)
0.774 (0.736—0.813)

Ref.

4.39 (2.45-7.85)
5.86 (2.26—10.06)
0.755 (0.709—0.800)

Ref.

1.83 (0.86—3.89)
5.74 (2.39-13.76)
0.671 (0.620—0.721)

Ref.

1.90 (1.12—3.23)
4.16 (1.68—10.27)
0.684 (0.630—0.737)

Ref.

1.62 (0.85—3.08)
4.54 (1.37-14.91)
0.714 (0.667—0.760)

Ref.

6.58 (2.51—17.28)
8.94 (2.91-15.20)
0.794 (0.763—0.825)

Ref.

1.84 (1.01-3.33)
3.11 (1.49-6.45)
0.749 (0.716—0.788)

Ref.

1.42 (0.70—2.88)
3.00 (1.33—6.79)
0.770 (0.737—0.802)

Ref.

2.29 (1.44-3.67)
4.02 (1.42-11.31)
0.758 (0.725—0.791)

Ref., reference.

Values are OR (95% CI) or as otherwise indicated. Statistically significant (P < .05) values are presented in boldface font.

Npoor refers to the number of participants with poor physical performance (SPPB score < 6 points).
*Poor physical performance was defined by <6 points for the SPPB. All logistic regression models included the covariates of age (years), sex, education, and smoking

status.

validity. Moreover, the comparison of 4 widely used frailty measures

provides practical guidance for clinicians and researchers.

However, several limitations warrant consideration. Confounding
cannot be excluded. We used a limited number of covariates in the

Overall study participants
N togar = 2,000; N oo = 368 (18.4%)

Fried Frailty Phenotype (FFP)

Non-frail Ref.

Pre-frail H— 1.54 (1.06-2.23)

Frail —— 2.62 (1.76-3.90)

C-statistic = 0.782 (0.757-0.807)
Clinical Frailty Scale (CFS)
Non-frail Ref.

Pre-frail H- 1.33 (0.95-1.85)

Frail —t— 3.37 (2.39-4.75)
C-statistic = 0.788 (0.762-0.814)

Frailty Index (FI)

Non-frail Ref.
Pre-frail ++— 1.71 (1.12-2.61)

Frail —4—13.83 (2.47-5.94)
C-statistic = 0.796 (0.771-0.820)

FRAIL Scale (FS)

Non-frail Ref.
Pre-frail HH 1.53 (1.18-1.99)
Frail —— 3.23 (2.45-4.26)

C-statistic = 0.785 (0.760-0.811)

T T rrrrr
01 2 3 4 5 6
Adjusted HR (95% CI)

Women
N ol = 1,072; N goans = 144 (13.4%)
Ref.
——t———>2.88 (1.16-7.14)
—————t—> 4.08 (1.60-10.38)
C-statistic = 0.801 (0.763-0.838)
Ref.
—— 1.85 (1.03-3.41)
F——t—4.00 (2.22-7.49)
C-statistic = 0.798 (0.762-0.834)
Ref.
> 3.23 (1.29-8.06)
—————+-5.85 (2.28-15.02)
C-statistic = 0.810 (0.776-0.844)
Ref.
H— 1.29 (0.84-1.97)

—— 2.57 (1.67-3.97)
C-statistic = 0.791 (0.755-0.827)

01 2 3 4 5 6
Adjusted HR (95% CI)

models because it was the aim of this study to compare the predictive

value of frailty instruments and not to precisely quantify causal as-

Men
N total = 928; N geatns = 224 (24.1%)

Ref.
H— 1.37 (0.91-2.08)

———  3.26 (2.07-5.15)

C-statistic = 0.760 (0.723-0.796)
Ref.
HH 1.12 (0.75-1.68)

— 3.07 (2.02-4.69)

C-statistic = 0.755 (0.718-0.793)
Ref.
i 1.31(0.81-2.13)
—t———  3.34(2.02-5.53)
C-statistic = 0.766 (0.728-0.803)
Ref.
H— 1.68 (1.20-2.35)

—t—> 4.29 (2.98-6.17)
C-statistic = 0.768 (0.731-0.804)

01 2 3 4 5 6
Adjusted HR (95% CI)

63-74 years
N total = 9785 N geatns = 72 (7.4%)

Ref.
—— 1.23 (0.67-2.26)
———4——> 3.87 (1.92-7.83)
C-statistic = 0.716 (0.658-0.774)
Ref.
— 2.02 (0.98-4.17)
F——t————>3.34 (1.50-7.44)
C-statistic = 0.712 (0.650-0.774)
Ref.
—_— 1.15 (0.61-2.20)
f—————t—> 4.50 (2.23-9.09)
C-statistic = 0.739 (0.680-0.797)
Ref.
H— 0.82 (0.45-1.48)

F—t— 3.16 (1.81-5.52)
C-statistic = 0.710 (0.650-0.771)

01 2 3 4 5 6
Adjusted HR (95% CI)

sociations of frailty with poor physical performance and mortality.
Our study population was healthier than the general population

75-89 years
N e = 1,0225 N goans = 296 (28.9%)
Ref.
—— 1.66 (1.03-2.67)

—— 2.53 (1.55-4.15)

C-statistic = 0.710 (0.676-0.745)

Ref.
H- 1.16 (0.80-1.70)

———  3.21(2.20-4.70)

C-statistic = 0.721 (0.686-0.756)
Ref.
—— 2.04 (1.13-3.67)
———t——>4.10 (2.25-7.46)
C-statistic = 0.731 (0.697-0.765)
Ref.

i 1.76 (1.31-2.36)

—— 3.27 (2.37-4.50)
C-statistic = 0.726 (0.691-0.761)

b U B e
01 2 3 4 5 6
Adjusted HR (95% Cl)

Fig. 3. Longitudinal association of the 4 frailty measures with all-cause mortality in the overall population and specific subgroups. All Cox regression models were adjusted for age
(years), sex, education, and smoking status. Statistically significant results (P < .05) are highlighted in boldface font. Ref., reference.
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because institutionalized adults and less healthy nonparticipants
were excluded. This is unlikely to materially affect the relative effect
estimates (ORs and HRs) shown in this study. However, it may have
led to an underestimation of (pre-)frailty prevalences, and these es-
timates should be interpreted with caution when extrapolating to
broader populations. Therefore, replication of these findings in in-
dependent cohorts, particularly those including individuals with
higher baseline frailty levels or institutionalized populations, would
further strengthen the generalizability of our findings. Finally, the
results on physical performance were cross sectional, and future
studies should adopt a longitudinal design.

Conclusions and Implications

In this population-based cohort, 4 commonly used frailty in-
struments were all associated with poor physical performance and
all-cause mortality, but their agreement and predictive performance
varied substantially by outcome, sex, and age. These findings indicate
that frailty instruments are not interchangeable and that their se-
lection should be guided by the intended clinical or research purpose.
Instruments incorporating physical performance may be preferable
for identifying functional impairment, whereas deficit accumulation
approaches appear more suitable for mortality risk stratification.
Future studies should explicitly consider outcome- and subgroup-
specific performance when selecting or comparing frailty measures.
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