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Abstract

Background: Consistent and reproducible estimates of the underlying true level of frailty are essential for risk stratification and monitoring of
health changes. The purpose of this study is to examine the reliability of the frailty index (Fl).

Methods: A total of 426 community-dwelling older adults from the FRequent health Assessment In Later life (FRAIL70+) study in Austria were
interviewed biweekly up to 7 times. Two versions of the Fl, one with 49 deficits (baseline), and another with 44 (follow-up) were created. Internal
consistency was assessed using confirmatory factor analysis and coefficient omega. Test-retest reliability was assessed with Pearson correla-
tion coefficients and the intraclass correlation coefficient. Measurement error was assessed with the standard error of measurement, limits of
agreement, and smallest detectable change.

Results: Participants (64.6% women) were on average 77.2 (+5.4) years old with mean Fl, g at a baseline of 0.19 (x0.14). Internal consistency
(coefficient omega) was 0.81. Correlations between biweekly Fl,, assessments ranged between 0.86 and 0.94 and reliability (intraclass correla-
tion coefficient) was 0.88. The standard error of measurement was 0.05, and the smallest detectable change and upper limits of agreement
were 0.13; the latter is larger than previously reported minimal clinically meaningful changes.

Conclusions: Both internal consistency and reliability of the FI were good, that is, the FI differentiates well between community-dwelling
older adults, which is an important requirement for risk stratification for both group-level oriented research and patient-level clinical purposes.
Measurement error, however, was large, suggesting that individual health deteriorations or improvements, cannot be reliably detected for Fl

changes smaller than 0.13.
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Frailty describes a state of increased vulnerability to stressors
resulting from a cumulative decline in multiple physiologi-
cal systems among older adults (1). Against the background
of population aging and increased frailty prevalence in more
recent birth cohorts (2,3), the importance of frailty for both
public health and clinical practice (4) is expected to increase
in the coming years. The frailty index (FI) (5), 1 of the 2 dom-
inant conceptualizations of frailty, is based on the accumu-
lation of a large number of age-related health deficits and
consistently predicts negative health outcomes such as mor-
tality among older adults (6). FIs based on routine adminis-
trative and health record data have been developed in recent
years as low-cost and wide-coverage tools to screen for frailty
in order to identify those older adults with the highest risk
for adverse outcomes (7-11). In addition to risk stratification

based on one-time assessments, the FI is also discussed for
monitoring health changes in older adults (12-18).

Both risk stratification based on single assessments as
well as the evaluation of health changes requires that the
degree of frailty in an older person—a latent quality difficult
to observe directly—is measured reliably. Reliability can be
defined as the extent to which an instrument yields consistent
and reproducible estimates of the underlying true score(®!3%
(19). Multiple systematic reviews (20-23) note that, com-
pared to construct and criterion validity, the reliability of
frailty tools has received fairly little attention. However, it
is only when we are sure that an instrument measures some-
thing in the same way every time we deploy it (=reliabil-
ity), that we can truly ascertain that it is measuring the right
thing (=validity) (24). The COSMIN consensus (25) holds
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that the domain of reliability consists of 3 different mea-
surement properties: (1) internal consistency, (2) reliability,
and (3) measurement error. (1) Internal consistency refers
to the degree to which multiple indicators share a common
variance due to the underlying construct of frailty, assessed
by coefficient alpha or omega (26). (2) Test—retest reliability
is the extent to which the relative position of an individual
is consistent across multiple time points (24), expressed for
example with Pearson’s correlation coefficient or the intra-
class correlation coefficient (ICC), and is relevant for dis-
crimination between individuals (27), that is, when the FI is
used as a tool for risk stratification. (3) Measurement error,
finally, is relevant for frailty monitoring, that is, to differen-
tiate “real” frailty changes from error or “noise,” and can
be assessed with the standard error of measurement (SEM)
(27). To date, only 2 studies (28,29) provide estimates of the
reliability of the standard clinical FI (30). Based on a large
cross-national sample of community-dwelling older adults
and confirmatory factor analysis (CFA), Mayerl and col-
leagues (28) reported internal consistency (omega) of 0.89—
0.93. Based on 80 stable hospital patients over 3 months,
Feenstra et al. (29) reported a test-retest reliability (ICC)
of 0.84 and a measurement error (SEM) of 0.06. Although
these first studies suggest the FI to be reliable, more evidence
is needed against the background of the current and intended
future use of the FI in both research and clinical practice.
Here, we use intensive longitudinal data from a nationwide
sample of older adults in Austria to provide new evidence on
internal consistency, test-retest reliability, and measurement
error of the FI among community-dwelling older adults. In
this way, we assess the FI’s psychometric properties for risk
stratification and monitoring in the context of both group-
level research questions and individual-level clinical purposes.

Method

Data

Longitudinal data came from the FRequent health Assessment
In Later life (FRAIL70+) study. At the behest of the first
author, a professional survey agency collected information
on health deficits among a nationwide sample of community-
dwelling older adults aged 70 years and above in Austria.
In total, 971 older adults were contacted based on previous
participation in population-representative studies, of which
426 individuals agreed to participate (response rate = 44 %;
Supplementary Methods 1). Before participation, interviewers
described the topic, length, and required information of the
study, ensured anonymity of all personal data, and obtained
written consent for participation. Between September 2021
and January 2022, participants were interviewed every 2
weeks (mean duration between interviews = 14.7 = 2.3 days)
up to 7 times (mean number of interviews per person = 6.8
+ 0.7), resulting in a total number of 2 892 repeated inter-
views over a mean period of 84.2 + 17.0 days (Supplementary
Figure 1). The first interview was always an in-person inter-
view conducted in the older adult’s home and included phys-
ical performance tests. Six shorter follow-up interviews were
conducted via telephone, except for a subsample of 40 older
adults, with whom all interviews were conducted in person to
obtain repeated physical performance measures and to com-
pare survey modes. This study was approved by the Ethics
Committee of the Medical University of Graz (EK-number:
33-243 ex 20/21).

Variables

Using baseline data, a frailty index (FI,,) was calculated from
49 health deficits including self-reported information as well
as physical and cognitive performance tests following stan-
dard protocol (30). This FI , was used to assess internal consis-
tency. Furthermore, a highly similar second FI,, based on the
subset of those 44 health deficits that were measured repeat-
edly was created to assess test—retest reliability and measure-
ment error. For both FIs, the selected health deficits reflected
multiple physiological systems, and included chronic diseases,
limitations in basic and instrumental activities of daily liv-
ing (ADLs, IADLs), mobility restrictions, somatic symptoms,
depressed affect, sensory impairments, physical inactivity, self-
rated health, and memory problems (Supplementary Table 1).
Self-reported health deficits generally referred to problems or
difficulties during the last 2 weeks. All health deficits had less
than 2% missing values. The FI score was calculated for all
participants by dividing the sum of the health deficit score
by the total number of health deficits measured, for exam-
ple, 10/44 = 0.23. A common cut-off value to differentiate
between nonfrail and frail older adults is 0.20 (30).

Sociodemographic variables included sex (male/female),
chronological age (years), and level of completed education
(low = compulsory education, medium = vocational training,
and high = high school or higher). Time since baseline was
measured in days. As negative health outcomes, we included
1-year mortality, which was ascertained by proxy interviews
or contacting the local municipality. Information on vital sta-
tus 1 year after participation was 99.5% complete.

Statistical Analysis

First, we calculated and plotted descriptive statistics for the
baseline FI,, and the longitudinal FI,,. Second, we assessed
internal consistency. Internal consistency only applies as a
measure of reliability, if the multi-item construct under ques-
tion follows a reflective measurement model, which is linked
to criteria (31) such as the direction of causality between
construct and indicators, and the interchangeability of and
covariation between indicators. In Supplementary Table 2, we
outline why we consider the FI to follow a reflective rather
than a formative model. Next, as detailed in Supplementary
Methods 2, we used polychoric correlations and CFA to test
the unidimensionality of the FI prior to calculating internal
consistency (coefficient omega). Here, we followed the qual-
ity criterion that internal consistency should be greater than
0.80 for population-level research aiming at group compar-
isons, and greater than 0.90 when individual-level decisions
are to be made based on the instrument®** (32). Third,
we assessed test—retest reliability and measurement error
based on the repeated measurements 14-days apart (33,34),
a period in which we would not expect substantive frailty
changes among community-dwelling older adults; at the same
time, memory and learning effects should be limited. For test—
retest reliability, as detailed in Supplementary Methods 3, we
calculated Pearson correlation coefficients and ICC, and for
measurement error, we calculated SEM, limits of agreement
(LOA), and smallest detectable change (SDC), all based on
the 7 repeated FI,, assessments. Here, we followed the quality
criterion of an ICC of 0.75-0.90 indicating good reliability,
with values above 0.90 being considered excellent (35). For
measurement error, clinically meaningful changes (CMC)—
that is, differences in continuous measures large enough to
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be considered important, for example, by clinicians or older
adults themselves—should be smaller than the SDC and lie
outside the LOA (34). Previous work has suggested CMCs for
the FI among community-dwelling older adults of 0.06/0.08
(36) and 0.04/0.06 (37).

All data preparation, calculations, and statistical tests
were done with R (v4.3.0), which are documented in the
R-Markdown code file available online: https://osf.io/qvek2/.

Results

Sample Characteristics and Descriptive Statistics

Of 426 participants at baseline, 64.6% were women, with a
mean age of 77.3 (+5.4, range = 70-96) years. Low educa-
tion was reported by 19.3%, medium by 54.2%, and high by
26.5%. The mean (SD) and median interquartile range (IQR)
of the FI,; were 0.19 (0.14) and 0.14 (+0.16). The empirical
submaximum (99" percentile) was 0.63. The prevalence of
specific health deficits at baseline is shown in Supplementary
Table 1. The FI; exhibited a right-skewed distribution, with
higher values among women than men (Figure 1A), and a
positive relationship with age, with a steeper slope for women
than men (Figure 1B). Older adults with a low level of educa-
tion had higher mean FI, values at baseline (0.25 + 0.16) com-
pared to those who had completed vocational training (0.19
+ 0.14), which again were frailer compared to those who had
completed upper secondary or higher education (0.13 = 0.08;
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Figure 1. Descriptive statistics of the baseline frailty index (Fl,,) and the
longitudinal frailty index (Fl,,). Fl g = frailty index at baseline based on

49 health deficits; Fl,, = longitudinal frailty index based on the same 44
health deficits in all 7 repeated assessment. Estimated overall trajectory
in plot E is the fitted mean trajectory based on a linear mixed model, and
the light gray shaded area indicates 95% confidence intervals.

Figure 1C). Participants who died during 1-year follow-up (1
= 11, 2.6%) had a substantively higher median FI,, (0.47 =
0.20) compared to those who survived (0.18 = 0.14; Figure
1D). Based on logistic regression analysis adjusted for age,
the odds of death were 11% higher (OR = 1.11, 95% CI: =
1.07-1.17) per 0.01 FI points.

The correlation between the FI,; and FI,, at baseline was
0.99 (95% CI: = 0.99, 0.99). Descriptive statistics of the longi-
tudinal FI,, for each assessment (Table 1) showed little change
in the average frailty level across biweekly assessments. We
also found no evidence of a linear change in the overall level of
frailty across the 3 months (Figure 1E). There were, however,
considerable within-person instabilities or fluctuations visible,
particularly in the higher FI regions (Figure 2) readily seen
when repeated FI,, assessments (points) for each person (lines)
were ordered by their mean FI,, level. Finally, we found that
both mean FI,, change and individual FI,, fluctuations were
similar in both interview modes (Supplementary Figure 2).

Internal Consistency

The mean overall polychoric correlation among health defi-
cits was 0.29 (+0.18), which is adequate (38) for a broad
construct such as the FI (Supplementary Figure 3). The mean
polyserial correlation between FL, and its health deficits was
0.50 (x0.17), which again meets the criteria for scale con-
struction™? (33). The highest correlation coefficients were
observed for poor self-reported health as well as ADL, IADL,
and mobility impairments including slow gait speed (range
= 0.60-0.70), whereas lower associations were found for
chronic diseases (range = 0.20-0.30) (Supplementary Table 3).

Next, we tested whether the FI can be assumed a unidi-
mensional measure. Comparison of a unidimensional single-
factor model with a multidimensional correlated factor/
first-order model of 3 separated domains (physical, cog-
nitive, and mental health) without a superstructure, and a
bifactor model that retains a general factor of frailty as well
as remaining subdomain variance showed (Supplementary
Table 3) the bifactor model to fit best (2 =1409,df =1 121,
p < .001, CFI = 0.97, TLI = 0.97, RMSEA = 0.02, SRMR
= 0.107). In addition, the factor loadings between the uni-
dimensional model and the general factor of the bifactor
model were closely correlated (r = 0.96), and 87% of the
reliable variance (omega of the general factor in the bifactor
model divided by omega of the 1-factor model, 0.81/0.93
= 87%) in the health deficits was due to the general fac-
tor, which suggests that the FI is unidimensional enough

Table 1. Descriptive Statistics of the Frailty Index (Fl,,) by Measurement
Occasion

Assessment # Sample size  Mean (SD) Median (IQR) 99%tile
1 426 0.18 (0.13)  0.14 (0.15) 0.60
2 418 0.17 (0.13)  0.12 (0.15) 0.64
3 419 0.16 (0.13)  0.12 (0.13) 0.62
4 410 0.17 (0.13)  0.12 (0.15) 0.59
S 406 0.16 (0.12)  0.12 (0.13) 0.57
6 407 0.17 (0.13)  0.12 (0.15) 0.56
7 406 0.17 (0.13)  0.14 (0.15) 0.60

Notes: IQR = interquartile range; SD = standard deviation; 99 %tile = 99th
percentile, that is, the empirical submaximum.
Unweighted data, FI based on 44 health items.
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Frailty Index (F144)

Participant 1D

Figure 2. Repeated frailty index (Fl,,) assessments by participant. Fl,,
= longitudinal frailty index based on the same 44 health deficits in all 7
assessments. Points show repeated Fl,, assessments for each person,
each line represents 1 participant. Participants are ordered according to
their mean Fl,,.

for practical purposes. Internal consistency reliability for
the general factor depicting overall frailty as measured by
coefficient omega (26) was 0.81, which is good.

More detailed results from the bifactor CFA model
(Supplementary Table 4) also show how well specific health
deficits reflected the overall frailty level. The highest fac-
tor loadings showed for ADLs (eg, using the toilet = 0.88),
IADLs (eg, preparing a warm meal = 0.87), self-rated health
(0.83), and polypharmacy (0.83). Loadings that were more
moderate showed for bedrest (0.69), tiredness (0.64), phys-
ical inactivity (0.62), poor appetite (0.54), and attention
(0.47) and memory (0.41) problems. Finally, chronic diseases
had—except for arthritis (0.44) and dementia (0.47)—nota-
bly lower loadings between 0.20 and 0.30, the lowest being
cancer (0.14).

Reliability

The Pearson correlation coefficients between adjacent FI
assessments (Figure 3) showed a strong association, rang-
ing between 0.86 and 0.89 among the first 4 assessments,
and reaching 0.94 and 0.91 between the last 3 assessments.
Nonetheless, using 0.20 as a cut-off for frailty (dashed lines),
showed that 11%-18% of participants would be classified
incoherently—that is, one time as frail and the other time as
nonfrail—across assessments only 14 days apart.

Results from the linear mixed regression model showed
that the largest part of the total FI variance was between per-
son differences (o= 0.125), followed by the error variance
(02 iduat = 0.05), whereas there was no systematic variation
across waves (Uiz = 0.004). The ICC was 0.88 (95% CI: =
0.86-0.90), which can be considered very good.

Measurement Error

The SEM was 0.046 (95% CI: = 0.045-0.047) and the SDC
was 0.127 (95% CI: = 0.125, 0.130). The latter value means
that a FI change of at least 0.13 needs to occur to be (95%)
confident, that this change is real and not just due to the
measurement error of the instrument. These results were also
reflected in the Bland—Altman plots (Figure 4) between adja-
cent FI assessments. There was no indication of systematic
bias, and the larger of the two LOA, which together encom-
pass 95% of the paired observations, ranged between 0.09
and 0.13 across waves. Anchor-/distribution-based CMCs
provided in the literature (36,37) for community-dwelling
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Figure 3. Correlations between subsequent frailty index (Fl,,)
measurements. Fl = frailty index based on 44 health deficits, n = sample
size in paired assessments, r = Pearson'’s correlation coefficient, values
in parentheses are 95% confidence intervals. Dashed lines indicate the
cut-off to differentiate between nonfrail and frail older adults.

older adults—0.06/0.08, respectively, 0.04/0.06—were
clearly smaller than the SDC, and lay within the LOA in our
study, which means that such FI changes (0.06 for example
equates to 2.6 deficits) cannot be reliably differentiated from
measurement error. Only changes larger than 0.13 (or 5.7
deficits) in individuals can be confidently interpreted as real
changes.

Finally, since short-term fluctuations across biweekly FI
assessments seemed more pronounced in frail compared to
nonfrail older adults (Figure 2), we also calculated ICC and
SEM according to baseline FI,, differences (<0.20/20.20).
The ICC was smaller for both subgroups compared to the
total sample—because the between-person variance became
smaller due to the partitioning—but the effect was stronger
among nonfrail (0.65, 95% CI: = 0.60, 0.69) compared to
frail (0.80, 95% CI: = 0.75, 0.84) participants. In contrast,
the SEM was smaller among those who were nonfrail at base-
line (SEM =0.037,95% CI: = 0.036,0.038) compared to frail
participants (SEM = 0.062, 95% CI: = 0.058, 0.065), as were
the SDCs: 0.102 (95% CI: = 0.099, 0.105) versus 0.171 (95%
ClL: = 0.162, 0.179).

Discussion

In this study, we found internal consistency and test-retest
reliability of the FI to be good, respectively, very good. This
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Figure 4. Limits of agreement between subsequent frailty index (Fl,,)
measurements (Bland-Altman plots). FI = frailty index based on 44
health deficits. Solid lines shows the extent of systematic bias between
paired assessments, dashed lines indicate upper and lower limit of
agreement which contains 95% of the paired FI differences, shaded area
indicates 95% confidence intervals.

means that the standard clinical FI under study was able to dif-
ferentiate well between groups and individuals of community-
dwelling older adults, which is an important requirement
for risk stratification. The measurement error, however, was
relatively large, so only changes above 0.13 in the FI instru-
ment can be safely interpreted as real improvements or dete-
riorations among individuals. At higher degrees of frailty,
differentiating between older adults was easier due to the
larger differences between them, while evaluating their health
changes was more difficult, as larger health changes were
necessary to differentiate genuine health deterioration or
improvement from the noise given their high(er) short-term
within-person variability. It should be intuitive that what is
a meaningful change needs to be standardized in relation to
where it is on the scale, reflecting that as with many age-related
attributes, variability increases with the degree of frailty.

The first measure of reliability we assessed was internal con-
sistency, which assumes a reflective measurement model (31),
which among other factors, depends on the exchangeability
of indicators. In contrast to other frailty instruments, partic-
ularly phenotypic frailty (39) which is defined by 5 specific
indicators (weight loss, exhaustion, weakness, slow gait, and
low physical activity), the health deficits of the FI can be seen
as manifestations rather than defining characteristics, and are
hence in principle exchangeable (30). Another indicator of a

reflective measurement model is positive correlations among
indicators and between indicators and the overall scale, for
which we both found evidence. Using CFA, we tested the uni-
dimensionality of the FI before assessing internal consistency.
We found the FI to be essentially unidimensional, although
future studies should psychometrically vet the choice of health
deficits for the construction of clinical FIs more thoroughly,
for example using item response models, to ensure that the
best set of indicators for overall frailty are put to use in both
research and practice (40). Here, we found that health deficits
loaded differentially on the single underlying factor frailty:
poor self-reported health and restrictions in ADLs and [ADLs
as well as mobility reflected overall frailty best, a finding that
is also supported by network analyses of the FI, where these
deficits are found to integrate many systems (41,42). With the
exception of dementia and arthritis, many chronic diseases,
on the other hand, contributed notably less to overall frailty,
particularly cancer.

Despite generally limited evidence on the reliability of
frailty instruments (20-23), a few studies offer interesting
points for comparison. First, our findings on internal con-
sistency are highly similar to those from Mayerl et al. (28)
with regard to the 1-factor model. In the final bifactor model
where we adjusted for the multidomain nature of the FI, we
still found a good level of internal consistency (0.81). Among
other frailty instruments, internal consistency tends to be
smaller, for example, 0.62 in the Edmonton Frail Scale (43) or
0.66-0.80 in the Tilburg Frailty Indicator (44). This is likely
due to the often fewer indicators considered in these tools,
as coefficient alpha and omega are not only a function of
the interrelatedness of the indicators, but also their number.
Indeed, Nguyen et al. (45) showed in a simulation study com-
paring various FI configurations, that the reliability of the FI
is associated with the number of health deficits considered,
ranging from ICC = 0.19 with just 5 health deficits up to ICC
=0.84 with 45.

Test—retest reliability of the FI over multiple 14-day periods
was ICC = 0.88, which is slightly above the results reported
for stable hospital patients over 3 months (ICC = 0.84/0.85)
(29). Our estimate also compares favorably with the range
of test-retest ICCs reported for other frailty instruments, for
example, 0.65/0.77 for phenotypic frailty over 3 months (29),
0.71 for the FRAIL scale over 7-15 days (46), and 0.88 for
the Tilburg Frailty Indicator over 10-25 days (47). In sum,
test—retest reliability, as well as internal consistency of the
FI were good, and hence the FI can be considered a high-
quality instrument for risk stratification among older adults.
The good reliability of the FI means that it lends itself well
for the assessment of group-level differences in research, for
example, to identify risk factors or population-health man-
agement, for example, to implement prevention programs to
halt or decrease health deterioration among particularly vul-
nerable older adults (4). Given the high level of test-retest reli-
ability, the FI likely can also be employed as a tool to inform
individual-level clinical decision-making (48), that is, tailor-
ing interventions to the frailty level, for example by avoiding
aggressive treatments among the most vulnerable patients,
and by providing goal-oriented and coordinated care.

For measurement error, we found a SEM of 0.05, and
upper LOA and SDC values of 0.13 for the FI, which corre-
spond closely to the results of Feenstra et al. (29) The evalua-
tion of the latter values depends on the magnitude of CMCs
for the FI (34). For community-dwelling older adults, CMCs
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of 0.06/0.08 (36) and 0.04/0.06 (37) have been suggested.
Since these CMCs fall within the LOA respectively and are
clearly smaller than the SDC in our study, as well as in the
work of Feenstra et al. (29), the measurement error of the
FI must be considered substantial. The FI as a broad sum-
mary measure of an older person’s overall health status (35)
seems not well suited for monitoring such health changes of
0.04-0.08 in single individuals accurately, that is, health dete-
riorations of about 2—4 deficits (in our FI,,) would not be
enough to be clearly differentiated from measurement error
or the noise of the short-term fluctuations we found. More
conservatively, the SDC in the FI that signifies a real deteri-
oration or improvement in the FI in a presenting individual
would need to amount to 0.13, or about 6 health deficits.
Among frail older adults (FI > 0.20), it is even more diffi-
cult to measure and interpret individual-level health changes
reliably. This considerably large measurement error of the FI,
however, is unlikely to affect research interested in risk fac-
tors for FI trajectories such as sex, socioeconomic status, or
BMI categories (49) as the SEM for group differences in FI
trajectories will be much smaller than for single individuals.
This applies even if reversible fluctuations are more prev-
alent in some groups than others (50). The relatively large
measurement error, may, however, limit the FI’s potential for
accurate individual-level monitoring, for example, based on
electronic routine health data (13). It might be helpful to view
any single FI score from an individual as just 1 data point in a
long string of unmeasured FIs that may fluctuate considerably
around the one realized measurement. To reduce the measure-
ment error of the FI, (1) more health deficits could be used,
(2) more test-based indicators, which come with less measure-
ment error than self-reports, could be incorporated, and (3)
information loss could be reduced by avoiding dichotomi-
zation of health deficits if possible (51). Furthermore, future
research should systematically assess which health deficits
are fueling the observed short-term instability of the FI, and
weigh their added value for the FI, for example by assessing
the loadings of individual health deficits on the FI, against the
instability associated with such indicators. Cooper et al. (48),
for example, decided to remove patient-reported low mood in
their clinical implementation of the FI due to its short-term
variability.

However, the aforementioned within-person FI fluctuations,
which have been described earlier (52) and which appear
related to the FI level, could also be more than just noise (50).
Not only could these FI fluctuations reflect chains of discrete
health transitions over weeks and months, for example, from
high functioning to acute illness or injury, followed by hos-
pitalization, and recovery (53), but they may also be driven
by age-related fluctuations inherent in disability (54), somatic
symptoms (55), or cognition (56), which tend to be also asso-
ciated with negative health outcomes. Hence, future studies
should not only investigate how these instabilities come about
and how to limit their influence but also to find out whether
these seemingly stochastic fluctuations could be a relevant
characteristic of system failure on their own.

The current study has several strengths. We used a nation-
wide cohort study of community-dwelling older adults where
the FI was assessed multiple times over 2-week periods, and
the sample size was large for a reliability study. Also, this
is the first time that information on all 3 properties of reli-
ability (25) (internal consistency, reliability, and measurement
error) of the FI was reported within a single study. Noteworthy

limitations include that although nationwide data were col-
lected, there were selection effects insofar as women, higher
educated, and younger persons were somewhat overrepre-
sented in the FRAIL70+ sample. Such selection effects, how-
ever, are common in health and aging survey studies, and we
consider it unlikely that these affected the estimation of the
reliability measures substantively. Furthermore, the longi-
tudinal FI,, consisted only of self-reported health problems
except for 3 cognitive tests, which could influence the extent
of short-term FI fluctuations, and in turn, may have affected
our reliability estimates. Given the smaller measurement
error of physical performance tests compared to self-reports,
our results can therefore be interpreted as a conservative,
lower-end estimate of the FI’s reliability.

Conclusion

Both internal consistency as well as test—retest reliability were
good, that is, the FI differentiates well between community-
dwelling older adults, which is an important requirement for
risk stratification for both research and clinical purposes.
Measurement error was considerable though, which means
that smaller FI changes among individuals cannot be identi-
fied reliably. Furthermore, we uncovered considerable revers-
ible short-term fluctuations in the FI which merit further
study.
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