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Abstract

Background: The identification of older adults with different frailty 
transitions, especially the old-old, is beneficial for stratified management. 
However, the factors associated with frailty transition in the elderly have not been 
fully elucidated. This study aimed to explore frailty transitions and associated 
factors among older adults.

Methods: The participants were all from a prospective cohort study of older 
adults aged ≥75 years in a continuing care retirement community in Beijing, 
China. Frailty states were assessed using FRAIL at baseline and 1-year 
follow-up. The association between factors, including comprehensive geriatric 
assessment and laboratory indicators such as serum albumin and high-
sensitivity C-reactive protein (hsCRP), and frailty transitions were explored by 
binary logistic regression. The predicted value of the factors associated with 
frailty transitions was analyzed using the receiver operating characteristic curve 
(ROC), and the area under the ROC curve (AUC) was calculated.

Results: A total of 183 older adults (mean age: 83.9±4.4 years; females, 
59%) completed the frailty state assessment at baseline and 1-year follow-
up. After adjusting for age and sex, walking speed(odds ratio [OR], 0.01; 
95%confidence interval [CI]: 0.002-0.12),timed up-and-go (TUG) test(OR:1.08, 
95% CI: 1.02-1.15), short physical performance battery(OR:0.79, 95% CI 
:0.68-0.92), serum albumin (OR:0.78, 95% CI:0.64-0.94), and serum hsCRP 
(OR:1.21, 95% CI:1.00-1.47) were associated with worsening of the frailty state. 
Cognitive function (OR:6.73, 95% CI:1.15-39.19) was associated with improving 
the frailty state. ROC analysis showed that low walking speed (AUC:0.81), long 
TUG test time(AUC:0.77), low Short Physical Performance Battery (SPPB)score 
(AUC:0.75), low serum albumin (AUC:0.68), and high serum hsCRP(AUC:0.80) 
could predict the decline in frailty state. Good cognitive function (AUC: 0.69) 
predicted an improvement in the frailty state.

Conclusions: Frailty is dynamic. The frailty state of the old-old with poor 
physical function, low serum albumin, and high serum hsCRP was more likely to 
decline, but it was more likely to improve with good cognitive function. Walking 
speed, TUG test, SPPB, serum albumin, serum hsCRP, and cognitive function 
may predict frailty transitions among the old-old.
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Introduction

Frailty is a state of cumulative decline in the functions of various 
physiological systems in the elderly, increasing vulnerability to 
poor homeostasis after a stress event [1-3]. Frailtyis associated with 
various adverse outcomes such as falls, disability, decreased quality of 
life, and mortality [4-7]. The prevalence of frailty among the elderly 
in community varies widely from 4.0% to 59.1% [8]. In China, the 
overall weighted prevalence of frailty was 9.9% according to the 
Comprehensive Geriatric Assessment-Frailty Index [9]. As global 
aging becomes increasingly prominent, frailty has become a challenge 
to the health of older adults. Early identification and intervention 
might reverse frailty and reduce adverse outcomes [10], consistent 
with the purpose of healthy aging.

Frailty is dynamic and partly reversible [3,11,12], which means that 
non-frail older adults may revert to frailty; similarly, frailty in older 
adults may improve their frailty state to a non-frailty state. Research 
among older adults from communities in Taiwan showed that the 
5-year mortality risk differed among older adults with different frailty 
transitions within 1 year [13]. Mexican research has shown that males 
who transitioned to a worse frail state had a significantly higher risk 
of hospitalization than those who remained, as well as had a higher 
Medicare payment [14]. Thus, exploring the risk factors for frailty 
transition may provide a reference for identifying high-risk groups 
and developing intervention strategies. Differences in physical and 
psychological characteristics between the young-old and old-old have 
been recognized [15,16]. However, the factors associated with frailty 
transition in the elderly remain to be fully explored.
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Materials and Methods
Study Design and Population

This prospective cohort study aimed to identify the old-old with 
different frailty transitions to provide evidence for the stratified 
management of older adults. Older adults aged ≥75 years in a 
continuing care retirement community named Taikang Yanyuanin 
Beijing, China were recruited. Convenience sampling was used for 
participant selection. All participants aged ≥75 years who participated 
in the annual physical examination from June to August 2018were 
followed up for 12 months after recruitment into the study. To 
avoid the impact of acute diseases on physical function assessment 
and ensure effective communication during frailty assessment, we 
applied the following exclusion criteria: severe cognitive impairment 
diagnosed by specialist physicians, acute conditions including 
acute infection, acute cerebrovascular disease, acute heart failure or 
myocardial infarction, pulmonary embolism, and acute abdominal 
disease. Among the 230 older adults who met the inclusion criteria, 
183 consented to participate and completed the follow-up. 

Data Collection
One trained geriatrician from PUMCH and one trained general 

practitioner from Taikang Yanyuan conducted the Comprehensive 
Geriatric Assessment (CGA) and other data collection at baseline 
(from July to September 2018) and at the 1-year follow-up (from July 
to September 2019). The CGA included Katz’s activities of daily living 
[17] and physical functions including grip strength, usual walking 
speed in 6 m [18], timed up-and-go (TUG) test [19], and short physical 
performance battery (SPPB) [20]. It also included Mini-Mental State 
Examination(MMSE, normal,>24) [21], Geriatric Depression Scale-
15(GDS-15,normal,<5) [22], Mini-Nutritional Assessment-Short 
Form (MNA-SF,normal, ≥12) [23], Charlson Comorbidity Index 
(CCI) [24], and poly pharmacy (number of drugs ≥5).Additionally, 
laboratory parameters including white blood cell count, hemoglobin, 
serum albumin, serum high-sensitivity C-reactive protein (hsCRP), 
and Erythrocyte Sedimentation Rate (ESR) were recorded during 
physical examination.

Frailty Assessment
Frailty was assessed using FRAIL both at baseline and at the end 

of follow-up [25]. FRAIL is a self-rating scale with five dimensions, 
including fatigue (Do you feel tired at least three or four days per 
week?), resistance (Can you climb one floor without assistance?), 
ambulation (Can you walk one block without assistance?), illness (Do 
you suffer from more than five diseases?), and loss of weight (Has 
your weight decreased by ≥ 4.5 kg or 5% of baseline in the previous 
12 months?). Those with no positive responses were robust, where as 
participants with one or two positive responses were considered pre-
frail, and those with three or more positive responses were considered 
frail. Robust or pre-frail participants were categorized as non-frail. 
The possible changes in the frailty state included robustness to pre-
frail or frail, pre-frail to robust or frail, and frail to pre-frail or robust. 
Frailty state transitions were deemed stability if they changed from 
non-frail to non-frail or from frail to frail; worsening, from non-frail 
to frail; and improving, from frail to non-frail). 

Statistical Analysis
The clinical characteristics of the participants at baseline were 

expressed as the mean (standard deviation) or median (interquartile 
range) for continuous variables and as percentages for categorical data. 
Continuous variables were compared using Student’s t-test or Mann–
Whitney U test, whereas categorical variables were compared using 
Pearson’s chi-square test or Fisher’s exact probability method. The 
change in frailty state after 12 months was described using a Sankey 
diagram (https://www.highcharts.com.cn/demo/highcharts/sankey-
diagram). No data were missing. Univariate and multivariate binary 
logistic regression analyses were performed to assess the association 
between baseline characteristics and frailty transition in the non-
frail and frail participants. Frailty transitions between baseline and 
follow-up were used as dependent variables. Considering the sample 
size and collinearity between factors, clinical factors with statistically 
significant differences in the univariate analysiswere analyzed 
using binary logistic regression after adjustment for age and sex. A 
Receiver Operator Characteristic (ROC) curve was used to analyze 
the predictive value of factors related to frailty transitions. The area 
under the receiver operator characteristics (AUC) was calculated. All 
statistical analyses were performed using SPSS (25.0 version, IBM, 
New York, USA) and R (3.5.3 version, R Core Team, Vienna, Austria). 
A two-sided value of < 5% was considered statistically significant.

Results
Baseline Participant Characteristics

A total of 230 participants aged ≥75 years were eligible for the 
study; however, 47 participants failed to complete the follow-up, 
of which 7moved away, 38 refused frailty assessment, and 2 died. 
Therefore, 183participants were included in the analysis. The mean 
age was 83.9 ± 4.4 years (range, 75–94 years); 59.0% were female; 
and 46 (25.1%) and 137(74.9%) were frail and non-frail at baseline, 
respectively. The clinic odemographic characteristics and baseline 
frailty states showed no difference between those who completed the 
follow-up and those who did no (Table 1).

Frailty Transitions after 1-Year Follow-Up
An analysis of the FRAIL assessment results showed that whether 

the baseline frailty state was robust, pre-frail, or frail, state changes 
occurred between adjacent states (Figure 1). At the end of the follow-
up period, most participants remained in the same frailty state or 
transitioned to a worse frailty state.

Figure 1: Changes in frailty states after 1-year follow-up among 183 older 
adults.

https://www.highcharts.com.cn/demo/highcharts/sankey-diagram
https://www.highcharts.com.cn/demo/highcharts/sankey-diagram
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Completed the follow-up Failed to follow-up P value

Age, x̅ (SD), year 83.9(4.4) 84.1(4.7) 0.77

Sex, female, n (%) 108(59%) 25(53.2%) 0.47

Education ,high school or above, n(%) 180(98.4%) 47(100.0%) 1.00

BMI, x̅ (SD), kg/m2 24.0(3.2) 24.8(4.2) 0.24

Frail, n(%) 46(25.1%) 12(25.5%) 0.96

Non-frail,n(%) 137(74.9%) 35(74.5%) 0.96
ADL, M (IQR), score
ADL<6, n(%)

6(6,6)
26(14.2%)

6(6,6)
9(19.6%)

0.41
0.37

Gripstrength, M (IQR), kg 20.7(17.5,24.5) 20.4(17.2,28.1) 0.97

Walking speed,x̅ (SD), m/s 0.77(0.29) 0.72(0.33) 0.35

TUG,M (IQR),s 13.3(10.2,18.6) 14.4(10.5,24.3) 0.14

SPPB, M (IQR), score 9(5,10) 8(3,11) 0.55
MMSE,M (IQR), score
MMSE score<24, n(%)

28(25,29)
30(16.5%)

27(25,28)
9(19.1%)

0.10
0.67

MNA-SF, M (IQR), score
MNA-SF score<12, n(%)

13(12,14)
24(13.1%)

13(12,14)
10(21.3%)

0.71
0.16

GDS-15, M (IQR), score
GDS-15 score>5, n(%)

2(0,3)
18(9.8%)

2(1,4)
5(10.6%)

0.37
0.87

Number of drugs, M(IQR) 5(2,7) 5(3,7) 0.92

Poly pharmacy, n(%) 106(57.9%) 25(53.2%) 0.56

CCI, M (IQR) 1(0,2) 1(0,1) 0.83

White blood cell count, M (IQR), 109/ L 5.5(4.5,6.6) 6.0(4.8,7.4) 0.17

Hemoglobin, M (IQR), g/ L 134.5(125.0,144.0) 137.5(131.1,150.8) 0.13

Albumin, M (IQR), g/ L 42.1(40.2,44.5) 42.1(40.0,44.0) 0.71

HsCRP, M (IQR),mg/L 1.72(1.0,3.4) 2.02(1.0,3.6) 0.69

ESR, M (IQR),mm/h 15.5(10.0,26.1) 16.5(7.3,22.4) 0.77

Table 1: Comparison of baseline characteristics between participants who did and did not complete follow-up.

Table 2: Comparison of baseline characteristics among different frailty transitions in non-frail and frail older adults.

Non-frail Frail

Stability Worsening Stability Improving

Age, M (IQR), year 82(80,86) 85(83,88)* 88(83.0,90.0) 85(82.5,88.5)

Sex, female, n (%) 65(57.5%) 13(54.2%) 15(71.4%) 15(60.0%)

BMI, x̅ (SD), kg/m2 23.9(3.0) 25.3(3.4) 23.7(3.8) 23.5(3.6)

Grip strength, M (IQR), kg 22.1(18.6,25.6) 22.0(17.7,23.6) 18.1(14.4,22.1) 17.3(14.4,22.9)

Walking speed, M (IQR),m/s 0.91(0.71,1.07) 0.57(0.42,0.78)** 0.50(0.41,0.69) 0.62(0.48,0.81)

TUG,M (IQR),s 11.2(9.0,14.8) 15.8(13.1,25.7)** 22.7(16.3,30.0) 17.3(14.3,23.6)

SPPB,M (IQR), score 10(8,11) 5(4,9)** 4(3,6.5) 6(4,8)

MMSE≤24, n(%) 11(9.7%) 6(26.1%)* 11(44.0%) 2(9.5%)*

MNA-SF <12, n(%) 5(4.4%) 3(12.5%) 9(36.0%) 7(33.3%)

GDS-15 >5, n(%) 8(7.1%) 4(16.7%) 10(47.6%) 7(28.0%)

Polypharmacy, n(%) 52(46.0%) 17(70.8%)* 16(76.2%) 21(84.0%)

CCI, M (IQR) 0(0,1) 1(0,2) 1(0.5,3) 2(1,2)

White blood cell count, M (IQR), 109/ L 5.4(4.4,6.6) 6.2(5.0,7.2) 5.7(4.5,6.3) 5.0(4.3,6.3)

hemoglobin, M (IQR), g/ L 137(128,147) 131(125,143) 128(117.3,142.8) 130(122,138)

Albumin, M (IQR), g/ L 42.9(41.1,44.9) 40.6(38.2,44.4)** 41.4(39.2,41.9) 40.0(38.9,42.6)

HsCRP, M (IQR), mg/L 1.34(0.79,2.49) 2.7(2.0,4.8)** 3.7(1.6,5.7) 1.5(0.6,4.1)

ESR, M (IQR), mm/h 13.3(10.0,21.8) 17.7(12.9,29.5) 29.2(17.0,36.7) 22.9(14.9,27.4)
*P<0.05;**P<0.001
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Factors Associated with Frailty Transitions
Among the 137 participants who were non-frail at baseline, 

113(82.5%) participants remained stable (non-frail to non-frail) 
while24 (17.5%) participants worsened (non-frail to frail). Of the 
46 older adults who were frail at baseline, 25 (54.3%) participants 
remained stable (frail to frail) and 21 (45.7%) participants improved 
(frail to non-frail). Among non-frail older adults, univariate analysis 
showed that there was a difference in age, walking speed, TUG, SPPB, 
serum albumin, serum hsCRP, cognition, and poly pharmacy between 
non-frail to non-frail older adults and non-frail to frail older adults 
(Table 2). However, only walking speed, TUG, SPPB, serum albumin, 
and serum hsCRP were independently related to worsening frailty in 
multivariate analysis adjusted for age and sex (Table 3). Among frail 
older adults, only cognition was related to frailty state improvement 
in both the univariate analysis (Table 2) and multivariate analysis 
adjusted for age and sex (Table 3).

Predictive Value of Risk Factors Associated with Frailty 
Transitions

The ROC analysis showed that low walking speed, long TUG test 
time, low SPPB score, low serum albumin, and high serum hsCRP 
had predictive value for frailty state worsening, and good cognitive 
function had predictive value for frailty state improvement (Table 4). 

Discussion
The influencing factors of frailty transition in the elderly remain 

unclear to date. In this study, the frailty state was dynamic during the 
follow-up period. Although most of the older adults remained in the 
same state or declined to a worsening frailty state, some had improved 
state. Walking speed, TUG, SPPB, serum albumin, and serum hsCRP 
were associated with worsening of the frailty state, whereas cognitive 
function was associated with its improvement. In addition, these 
factors were predictive of frailty state transitions.

Frailty was prevalent in 25.1% of our participants who had a 
mean age of 83.9 years (SD: 4.4), and this rate was comparable with 
the 23.3% prevalence rate in a previous study of participants with a 
mean age of 78.6 years (SD 7.1) that used the same frailty assessment 
tool [26]. Although it is common for frailty states of older adults 
to worsen or remain stable, our study showed that it is possible 
for individuals to change into lesser frailty states, consistent with 
previous findings [27-29]. This supports the notion that frailty is a 
dynamic and reversible state in older adults [11]. Thus, interventions 
for frailty state improvement in older adults with frailty should not 

be neglected. 

Walking speed, TUG test, and SPPB are important and effective 
indicators of physical function in comprehensive geriatric assessment. 
Walking speed is a common item in frailty evaluation scales, especially 
in the frailty phenotype [2]. TUG is a widely used test that assessing 
the individual’s overall functional mobility [19]. Walking speed, 
balance, flexibility, and cognitive function are evaluated according to 
the SPPB [20]. A cross-sectional study showed that the time it took 
to complete TUG was longer in frail older adults than in pre-frail and 
non-frail older adults [30]. SPPB is a good predictor of mortality in 
older adults [31]. However, few studies included TUG and SPPB in 
exploring predictive factors of frailty transitions. This could be because 
the evaluation is complex and can thus be time consuming and costly 
in community screening, limiting its popularity. The current study 
observed that TUG and SPPPB were associated with frailty transition 
and had predictive value for a worsening frailty state. Considering 
their objectivity and comprehensiveness, SPPB and TUG may help 
identify older adults at high risk of worsening frailty and evaluate the 
effect of intervention on frailty. 

Both cross-sectional and cohort studies have confirmed that 
inflammatory marker scan reflect frailty [32,33]. In the current 
study, serum hsCRPwas associated with frailty transition, and high 
hsCRP had a good predictive value for the worsening of the frailty 
state, consistent with previous studies [32,33]. Chronic inflammation 
may be an intermediate pathophysiological process that directly or 
indirectly leads to frailty [1]. Biological markers have more objective 
clinical value in predicting frailty. Frailty assessment tools, combined 
with biological markers, can better predict adverse outcomes [34,35]. 
HsCRP may be considered as a potential factor in developing a frailty 
assessment model in the future.

The current study found that the serum albumin was associated 
with frailty transition and predict the occurrence of worsening frailty. 
A decrease in serum albumin in a multicenter cohort of older men in 
the United States indicated a decreased likelihood of improvement 
in frailty states [36], and consistent findings were observed in 
the current study. Albumin is an important influencing factor of 
prognosis in older adults. In the model of 1 year post-discharge death 
in hospitalized older adults proposed by the University of California, 
San Francisco, a decline in serum albumin is an important predictor 
[37]. Albumin is partly indicative of nutritional status, and systematic 
reviews and meta-analyses have shown that malnutrition is associated 
with frailty among older adults [38], with malnutrition increasing 
the risk of frailty [39]. It can be seen that low serum albumin is 
not only associated with frailty, but also with poor prognosis [37]. 
Thus, more attention should be paid to elderly individuals with low 

OR (95% CI)

Non-frail older adults Frail older adults

Walking speed 0.01(0.002,0.12)** 6.17(0.38,101.2)

TUG 1.08(1.02,1.15)* 0.97(0.92,1.03)

SPPB 0.79(0.68,0.92)* 1.07(0.85,1.34)

MMSE(0: <24;1:≥24) 0.45(0.14,1.46) 6.73(1.15,39.19)*

Poly pharmacy 2.47(0.93,6.60) 0.57(0.12,2.62)

Albumin 0.78(0.64,0.94)* 0.98(0.79,1.23)

HsCRP 1.21(1.00,1.47)* 0.85(0.68,1.07)

Table 3: Risk factors associated with frailty transitions.

*P<0.05;**P<0.001

AUC 95% CI P value

Walking speed 0.81 0.73, 0.89 0.000

TUG 0.77 0.67, 0.87 0.000

SPPB 0.75 0.64, 0.86 0.000

MMSE 0.69 0.53,  0.85 0.034

Albumin 0.68 0.54, 0.81 0.009

HsCRP 0.80 0.71, 0.89 0.000

Table 4: Predictive values of the factors associated with frailty transitions.
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serum albumin. One study suggested that protein supplementation 
improves muscle mass and physical function in frail and pre-
frail older adults with malnutrition [40]. From the perspective of 
community management of older adults, the serum albumin should 
be closely monitored, and early intervention should be provided to 
reduce adverse outcomes.

The current study showed that compared with older adults with 
decreased cognitive function, those with good baseline cognitive 
functions were more likely to improve from frailty to non-frailty. 
The association between cognitive function and frailty has been 
reported in previous studies [41-43]. A 10-year follow-up study of 
Mexican Americans found a significantly more impaired cognitive 
function in frail older adults than in non-frail older adults [44]. A 
possible explanation for the relationship between frailty and cognitive 
function is that the two have similar pathological mechanisms, such 
as chronic inflammation, nutritional imbalances, and cardiovascular 
diseases [45]. A previous study on the trajectory of decline in frailty 
and cognitive function showed that rapid growth of frailty coincides 
with a rapid decline in cognitive abilities, further supporting a 
common hypothesis of possible pathology [46]. In addition, another 
study of blood metabolite markers have found that there are 
overlapping markers for frailty and cognitive function. Older adults 
with good cognitive function may be more likely to make lifestyle 
changes, actively adjust their diet, and participate in exercise, all of 
which contribute to the improvement of their frailty state. Therefore, 
cognitive decline can be a good predictor of frailty transition, and 
improving cognitive function may improve the state of frailty.

Our study had some limitations. First, we used FRAIL, a self-
assessment scale, to identify frailty, which may be affected by 
subjective factors of the participants. However, to date, there is no 
gold standard for the diagnosis of frailty, and there is no consensus 
on commonly used assessment tools. Second, 98.7% of participants’ 
education level was high school or above, although we considered 
that they well understood the content of the scale and provided 
objective and accurate results. This may limit the generalizability of 
our results to other older adults. Third, approximately 20% of the 
participants were lost to follow-up; however, there was no significant 
difference in participant characteristics between those who did and 
did not complete the follow-up. Lastly, this was a single-center study, 
which may explain why no association was observed between physical 
function and frailty transition in non-frail participants. A multicenter 
study with a large sample size is needed to evaluate the association 
between physical function and frailty transition.

Conclusions
Frailty is a dynamic state, and older adults can transition to less 

frail states. This observation cohort indicates that physical function, 
serum albumin, serum hsCRP, and cognition are predictive of frailty 
transitions. Importantly, the results indicate that frailty transition 
could be identified and controlled. Physical function, serum albumin, 
and serum hsCRP can be used to identify non-frail older adults at 
high risk of frailty progression and guide clinical decisions. 
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