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Objective: The comprehensive geriatric assessment (CGA) is an integral tool used to
identify vulnerable older adults in need of individualized plans to delay the course of
diseases and monitor treatment outcomes. We previously developed and validated a 68-
item frailty index (FI) based on the CGA in a large, older, Chinese population. However,
substantial time is needed to evaluate the 68 items. Therefore, we aimed to develop and
validate a simplified FI for use in Chinese older population.

Design: Longitudinal study.

Setting and Participants: Data were drawn from the Beijing Longitudinal Study of Aging.
The study was conducted in 2004 with 1808 participants evaluated using the CGA and was
followed-up for 13 years. Mortality was recorded at 3, 5, 8, 10, and 13 years intervals.
Measures: 27-Item, 50-item, and 68-item frailty indices were investigated. A Cox propor-
tional hazards model and area under the curve of the receiver operating characteristic (AUC-
ROC) were calculated to compare mortality predictions.

Results: The FI was positively correlated with age in males (r = 0.174, P <0.001) and
females (r = 0.270, P <0.001). The mean baseline FI was 0.225 + 0.085 (range: 0.04—0.56) as
evaluated by the 27-item FI, 0.181 £ 0.117 (range: 0.02-0.62) by the 50-item FI, and 0.167 +
0.101 (range: 0.02-0.59) by the 68-item FI. Cox regression models showed that mortality
was significantly higher in frail people than in non-frail people for all 3 indices (p<0.001).
The AUCs of the 68-item FI, 50-item FI, and 27-item FI for predicting mortality were 0.720,
0.717, and 0.677, respectively (p<0.001).

Conclusion: The 27-item FI is reasonable to expect that the AUC of the indices with the
higher items number is inferior to the performance of the indices with higher number of
items (FI50 and F168). But 27-item maybe used as a tool to identify frail older adults and
predict mortality in clinical and primary care practices in China.
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Introduction
Biological aging occurs at different rates in humans and frailty is a better indicator
of biological aging than chronological age." Understanding frailty is clinically
important, as it can predict health outcomes and be measured across the course of
a lifetime. Comprehensively assessing patients’ risks and needs, as well as facil-
itating referrals to community resources, have been identified as common attributes
of successful care models for patients with complex needs, such as those with
higher levels of frailty.” The most common methods used to assess frailty are the
frailty phenotype® and the frailty index (FI).*

The FI is an important method for comprehensively assessing the health of the
older adults and allows us to quantify how variability in aging might arise across
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the adult lifespan. Moreover, the level of frailty strongly
influences how a given disease might present itself in an
individual.® The FI is measured by the accumulation of
deficits® and is expressed as a ratio of deficits present to
the total number of deficits being considered, the result
being a number between 0 (no deficits) and 1 (all possible
deficits). People with high FI scores are at substantially
increased risk of adverse outcomes, including death.” The
FI is also a marker of biological age, which is useful in
discriminating different degrees of frailty—even at extre-
mely advanced ages.®

The number and types of variables included in a FI can
differ. Indices consider not only physical characteristics,
but also the psychosocial characteristics of frailty.” Some
researchers have also incorporated laboratory variables
into the FL.'
in different studies may vary. In general, the precision of

Therefore, the number of FI variables used

the estimate increases with the number of wvariables
included. An index with 30—40 variables has been shown
to be
outcomes. "’

sufficiently accurate for predicting adverse

We have previously developed and validated a 68-item
FI based on the comprehensive geriatric assessment
(CGA),13 entitled the CGA-FL, in a large, older Chinese
population. However, this index requires a substantial
amount of time to administer. Therefore, we have aimed
to develop and validate a shorter, easy-to-use frailty tool
for use in busy clinical practices in China.

Methods

Study Design and Data Collection

Data for this study came from the cohort of the 2004
Beijing Longitudinal Study of Aging (BLSA), which com-
prised 1808 older adults who were available for 3-, 5-, 8-,
10-, and 13-year follow-up assessments. Older commu-
nity-dwelling adults were selected. Participants who were
unable to complete the assessment were excluded from the
study. A total of 1459 participants aged 60—100 years were
included in the analysis, 349 (19.3%) participants were
excluded due to incomplete follow-up. Comparison
between the included and excluded participants were in
Table S1. At the 13-year follow-up, 938 of the participants
were dead.

In the original study, the questionnaire used was
designed by an expert committee. Research personnel
completed uniform training to conduct face-to-face sur-
veys and participants signed informed consent forms.

Instances of death were confirmed by a family member,
a neighborhood or village committee. All subjects gave
written informed consent in accordance with the
Declaration of Helsinki and the study was approved by
the ethical review board of Xuanwu Hospital Capital

Medical University.

FI Construction

Frailty variables included in the FI were selected accord-
ing to the requirements by Searle et al.'> The variables
must be deficits associated with health status, generally
increase with age, not saturate too early, cover a range of
systems, and so on.'> A total of 68 variables were included
in the 68-item FI, also known as the CGA-FL'>!'* It
comprises five dimensions: demographic characteristics,
physical health, physical function, living behavior and
social function, and mental health. For further details, see
Table S2. Mental health was assessed by the Center for
Epidemiologic Studies Depression scale (CES-D) and the
mini-Mental State Examination (MMSE). After expert
panel discussion, the 68-item FI was reduced to a 50-
item or 27-item index including the same five dimensions.
The expert panel consisted of 12 professors major in
geriatric medicine, gerontology, geroscience, epidemiol-
ogy, internal medicine, evidence-based medicine, neu-
roscience, public health, and general medicine. In this
process, all the variables satisfied the criteria by Searle

et al'?

and those with the most significant impact on the
adverse mortality in older adults were retained. Details are
shown in Tables S3 and S4.

Each item was scored as 1 if a deficit was present or 0
if no deficit was present.'” In the 27-item FI, ADL and
IADL were evaluated according to the total scores, which
were counted as one of the contents of the frailty-index
evaluation system. Each sample was evaluated using 68-
item FIs, items of FI-50 and FI-27 were selected from the

FI-68.

Statistical Methods

The database was established using Epi-Data (Epi-data
Association, Odense, Denmark) and then exported into
SPSS 19.0 (IBM Corporation, Armonk, NY, USA) after
verification and confirmation of data. Continuous measures
presented as mean = SD were compared using #-tests or one-
way analysis of variance (ANOVA), and categorical data
expressed as proportions were compared using chi-square
tests. Age and sex adjusted Cox proportional hazard ratios
were used to investigate the association between the FI
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Figure | Distribution of FI-27 scores by age at baseline.

scores and mortality. Area under the curve of the receiver
operating characteristic (AUC-ROC) was also calculated.
A value of p < 0.05 was considered statistically significant.

Results

Group Characteristics
After excluding incomplete data, 1459 participants were
included in the final analysis. The age ranged from 60 to 100,

and the mean age was 74.74 £+ 7.25 years at baseline. There
were 709 males with a mean age of 74.8 + 7.37 years, and 750
females with a mean age of 74.68 + 7.13 years. The cumulative
follow-up 13-year mortality was found to be 64.3%.

The FI-27 scores positively correlated with age in both
males (R = 0.174, P <0.001) and females (R = 0.270,
P <0.001) (Figure 1).

Table 1 shows the demographic characteristics of the
participants according to survival status. Differences in mor-
tality between males and females was statistically signifi-
cant, with male mortality at 68.3% and female mortality at
60.5% (p=0.002). Mortality increased with age (p =0.007).
In addition, higher mortality was associated with smoking
(p=0.004), drinking alcohol (p =0.023), less social activity (p
<0.001), uneducated (p <0.001), low self-satisfaction level
(p <0.001) and higher CES-D scores (p <0.001).

Frailty Index Scores of FI 27-Item,
50-Item and 68-ltem by Different

Characteristics
We examined frailty using the 68-item, 50-item, and 27-
item indices (Table 2). The mean baseline CGA-FIs were

Table | Demographic and Health Characteristics of Participants According to Survival Status

Characteristics Total Alive (%) Death (%) P value

Total 1459 521(35.7) 938(64.3)

Sex Male 709 225(31.7) 484(68.3) 0.002
Female 750 296(39.5) 454(60.5)

Age group 60-74 850 328(38.6) 522(61.4) 0.007
75-100 609 193(31.7) 416(68.3)

Education level llliterate 684 181(26.5) 503(73.5) <0.001
Literate 775 340(43.9) 435(56.1)

Smoking Yes 543 121(22.3) 378(77.7) 0.004
No 916 356(38.9) 560(61.1)

Drinking Yes 465 164(35.3) 301(74.7) 0.023
No 994 357(35.9) 637(64.1)

Self-satisfaction Satisfaction 775 312(40.3) 463(59.7) <0.001
General satisfaction 409 157(38.4) 252(61.6)
Unsatisfactory 275 52(18.9) 223(81.1)

CES-D <lé 1263 475(37.6) 788(62.4) <0.001
16-19 56 18(32.1) 38(67.9)
220 140 28(20.0) 112(80.0)

Social activity Yes 226 117(51.8) 109(48.2) <0.001
No 1230 403(32.8) 827(62.7)

Abbreviation: CED-S, Center for Epidemiologic Studies Depression Scale.
Risk Management and Healthcare Policy 2021:14 https: 4869
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0.225 £ 0.085 (range: 0.04-0.56); 0.181 + 0.117 (range:
0.02-0.62); and 0.167 + 0.101 (range: 0.02—0.59) for the
27-item, 50-item, and 68-item FIs, respectively. FI scores
were higher in females (except 27-item FI group), the
uneducated, smokers, non-drinkers, and those with no
with self-
satisfaction scores had higher FI scores than those with
high self-satisfaction scores, and those with high CES-D
scores also had higher FI scores than those with lower

social-activity —groups. Participants low

SCOres.

Predicts Mortality by the Frailty Index
(FI-68, FI-650, FI-27)

The number of frail participants identified by the 68-item, 50-
item, and 27-item FIs were 269 (18.44%), 301 (20.63%) and
513 (35.16%), respectively. During follow-up, 938 deaths
occurred, and frailty was associated with reduced survival
in all groups. The median survival time was 8 years. For the
Cox regression models, a score of 0.2 was used as the
boundary between frailty and non-frailty.” The analysis sug-
gested that the mortality of frail people was significantly

Table 2 Frailty Index Scores of FI 27-Item, 50-Item and 68-ltem

higher than non-frail people using the 27-, 50-, and 68-item
FIs (p<0.001 for all 3 Fls) (Figure 2). The above prediction of
Fls for mortality did not change after adjusted for age, sex
and chronic diseases (hypertension, diabetes, heart disease,
chronic obstructive pulmonary disease) (Table 3). Hence,
higher FI scores were associated with reduced survival in
all 3 indices.

Figure 3 shows that the AUCs of the 68-, 50- and 27-
item FIs for predicting 13-year all-cause mortality were
0.720, 0.717 and 0.677, respectively. All FI scores were
statistically significant (p<0.001). When used 68-item FI
as a reference to identify frailty, the AUC-ROC for 50- and
27-item FIs were 0.996 and 0.922 to diagnose frailty,
respectively (p<0.001).

Discussion

BLSA is representative sample of older adults in Beijing
of China. The present study of 1459 community-
dwelling older Chinese adults indicates that, after 13
years of follow-up, the relative risk of mortality was
significantly higher in frail participants than non-frail

Characteristic FI-27 FI-50 FI-68
Total 0.225(0.085) 0.181(0.117) 0.167(0.101)
Sex Male 0.229(0.085) 0.178(0.117) 0.164(0.101)
Female 0.220(0.859) 0.184(0.117) 0.169(0.102)
Age (ys) 60-74 0.206(0.084) 0.167(0.111) 0.155(0.094)
75-100 0.250(0.081) 0.200(0.123) 0.183(0.105)
Education Level llliterate 0.238(0.088) 0.205(0.125) 0.188(0.108)
Literate 0.213(0.082) 0.160(0.105) 0.148(0.092)
Smoking Yes 0.254(0.084) 0.193(0.111) 0.178(0.097)
No 0.207(0.082) 0.174(0.119) 0.161(0.104)
Drinking Yes 0.215(0.086) 0.184(0.122) 0.167(0.106)
No 0.244(0.080) 0.180(0.105) 0.166(0.092)
Self-satisfaction Satisfaction 0.189(0.069) 0.141(0.093) 0.128(0.079)
General satisfaction 0.236(0.077) 0.186(0.097) 0.174(0.083)
Unsatisfactory 0.307(0.079) 0.286(0.137) 0.266(0.113)
CES-D <lé6 0.211(0.077) 0.169(0.110) 0.154(0.095)
16-19 0.286(0.078) 0.234(0.106) 0.221(0.088)
220 0.319(0.091) 0.268(0.131) 0.261(0.111)
Social Activity Yes 0.163(0.065) 0.018(0.072) 0.112(0.064)
No 0.236(0.084) 0.193(0.120) 0.177(0.104)

Note: Data were expressed as mean (SD).
Abbreviation: CED-S, Center for Epidemiologic Studies Depression Scale.
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Figure 2 Survival curve of |3-year mortality for frail and non-frailty older people measured by FI-68, FI-50, and FI-27. (A) Survival at the frail older adults were higher than
non-frail older adults assessed by FI-68 (P<0.001). (B) Survival at the frail older adults were higher than non-frail older adults assessed by FI-50 (P<0.001). (C) Survival at the

frail older adults were higher than non-frail older adults assessed by FI-27 (P<0.001).

participants. This supports the findings of Mitnitski’s
study.” Eukasz Pulik'> and his team also made
index (m-FIS and m-FI11) as

a predictor of the long-term functional result in patients

a modified frailty

undergoing primary total hip arthroplasty. We modified
the 68-item FI to 27 items, which included information
regarding physical and psychological characteristics, dis-
ease status, as well as other variables that showed
a correlation between frailty and age. The FI scores
increased with age and were consistent with previous
population-based studies.'®'” Rockwood’s study sug-
gests that gender, age, and FI were independent predic-
tors of survival outcomes.'® Previous studies have shown
that mortality is higher in men,'® smokers,*® those with
depression,zo’21 lower education,?? those who were less
socially active,” and those with poor, self-rated general
health. These results are consistent with the results of
studies the  Chinese

and current

14,2425

previous on
population.

We found the mean baseline score of the CGA-FI was
0.225 as evaluated by the 27-item FI, which is similar to
a study of Dutch older adults evaluated by a 32-item FI
(mean FI = 0.19).'° In the Dutch study, FI scores were

higher in males, the uneducated, smokers, non-drinkers

and those with no social-activity groups, which corre-
sponded to a high mortality rate of the older adults in
those groups.

Our research showed the frailty scores of the 27-item
FI was the highest, while the frailty scores of the 68-item
FI was the lowest. Furthermore, with the 27-item FI, if we
use 0.2 as a cut-off value, more frail older adults were
identified as frail. Which suggesting pre-frail older adults
may be classified as frail by 27-item. However, compar-
isons with previous studies are difficult as different vari-
ables are frequently used to define frailty.>'>'¢

The 68-item FI was used in a community of Chinese
older adults, which has sound applicability and provides
a useful evaluation of prognoses in older adults in the
Beijing area, which is similar to the results of other
studies.'®*® Consistency in frailty assessment is impor-
tant when evaluating the value of an index for clinical
applications. Our study used the 68-item FI as a reference,
and ROC curve analysis showed that both the 50-item and
27-item FIs can accurately differentiate risk of mortality
in older adults. The more essential the deficits that are
taken into account, the more precise the estimation of
frailty that is obtained.?” Although previous studies have
suggested that 30 to 40 variables are the most stable for

Table 3 Predictive Models of Mortality at |3-Year Follow-Up
Model A Model B Model C
HR 95% CI P value HR 95% CI P value HR 95% CI P value
FI-27 2.141 1.880-2.437 <0.001 2.136 | 1.871-2.440 <0.001 2.241 1.946-2.580 <0.001
FI-50 3.072 2.662-3.546 <0.001 3.112 | 2.694-3.596 <0.001 3.125 | 2.696-3.622 <0.001
FI-68 3.109 2.682-3.605 <0.001 3.146 | 2.712-3.649 <0.001 3.166 | 2.718-3.688 <0.001

Notes: Mode A: Unadjusted Cox proportional hazard analysis. Mode B: Adjusted Cox proportional hazard analysis. Adjusted by age and sex. Mode C: Adjusted Cox
proportional hazard analysis. Adjusted by age, sex and chronic diseases (hypertension, diabetes, heart disease, chronic obstructive pulmonary disease).
Abbreviations: HR, hazard ratio; Cl, confidence interval.
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Figure 3 The ROC curves of FI-68, FI-50, and FI-27 to predict |3-year mortality.

an evaluation of frailty,'" the 27-item FI may still be used
for the rapid evaluation of frailty in the older adults. This
assessment is also supported by Traven’s research that
showed fewer variables can be used to assess frailty.”®
The modified frailty index-11 (mFI-11) made by Lukasz
Pulik has been proved to adequately reflect frailty and
predict mortality.'> They further modified frailty index-5
(mFI-5) based on mFI-11, has been found the predictive
values was lower than those for the general population but
still had effective predictive value for mortality.”’ So
fewer items of FI can still be used as a predictor of
mortality.

However, there are several limitations in this study.
Firstly, the cumulative lost follow-up was 19.3% during
the 13 year follow up in the study. Secondly, in the 27-item
FI, the data for each item of ADL and IADL need to be
collected which takes much time. Thirdly, the mean values
of the 27-item was smaller than the other indices, which
indicates that 27-item FI might underestimate the preva-
lence of frailty.

Conclusions and Implications

We found that FI increased with age and differed accord-
ing to gender, self-satisfaction, and education level
amongst other factors. Moreover, the 27-item FI has the
ability to predict adverse outcomes, although it is reason-
able to expect that the AUC of the indices with the higher
items number is inferior to the performance of the indices
with higher number of items (FIS0 and FI68). All the
variables on the 27-item FI are easily obtained through
a questionnaire and can be used to identify high-risk
mortality. This method can be easily administered to
and a shortened

community-dwelling, older adults,

amount of time is needed to make the assessments.
Strengthening medical knowledge about the health of
the older adults can improve their quality of life and
further improve their long-term prognoses, thus frailty is
an issue deserving more attention. Further studies on
application of this simplified method in clinical practice
are needed.
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