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Abstract
Background  Evidence on the association of dynamic change in frailty index (FI) with risk of all-cause mortality in the 
older Chinese population is limited. This study aimed to explore the association of 3-year change in FI with risk of all-
cause mortality in an older Chinese population.

Methods  We analyzed the data of 4969 participants from the Chinese Longitudinal Healthy Longevity Survey. The 
primary outcome was all-cause mortality, which was a binary variable and defined as completed data and censored 
data. Cox proportional-hazard models were used to assess the association of 3-year change in FI with risk of all-cause 
mortality by using hazard ratios (HRs) and 95% confidence intervals (CIs). Subgroup analyses were conducted to 
explore the association of 3-year change in FI with risk of all-cause mortality. Additionally, a restricted cubic spline 
analysis was also conducted to describe the dose-response association.

Results  During a median of 4.08 years of follow-up, deaths were observed in 1388 participants. We observed a 1.27-
fold higher risk of all-cause mortality with increase in FI ≥ 0.045 versus change in FI < 0.015 (HR = 2.27, 95% CI: 1.89–
2.73). Similar significant associations were observed in the subgroup analyses by age, sex, and residence at baseline. 
Additionally, a nonlinear dose-response association of 3-year change in FI with risk of all-cause mortality was observed 
(P overall < 0.001 and P nonlinear < 0.001).

Conclusions  Excessive increase in FI was positively associated with an increased risk for all-cause mortality. 
Approaches to reducing FI may be of great significance in improving the health of older Chinese individuals.
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Introduction
According to the World Population Aging 2020 [1], 
727  million persons globally were ≥ 65 years old, and 
the number is expected to reach over 1.5 billion by 2050 
(from 9.3 to 16.0%). With the global increase in the older 
population, the resulting health and economic system 
burden is also increasing; thus, the prevention or reduc-
tion of age-related complications has received increased 
attention [1, 2].

Frailty is a clinically identifiable state of diminished 
physiological reserve and increased vulnerability to a 
broad range of adverse health outcomes [3, 4]. The frailty 
index (FI) is commonly used to estimate the degree of 
frailty based on accumulated deficits in multiple health 
domains [5, 6], and the prevalence of frailty (FI ≥ 0.25) 
was 44.20% among older Chinese population [7]. Notably, 
frailty can be reversible or ameliorated by adequate nutri-
tional supplementation and appropriate physical exer-
cise [8, 9]; that is, early identification and amelioration of 
frailty are of great significance to the health of the older 
population. Previous studies have demonstrated that FI 
was associated with several adverse outcomes, such as 
falls [10], disability [11], and dementia [12]. Although 
the association between FI and risk of all-cause mortal-
ity has been explored, most previous studies were often 
based on FI at a certain time point [7, 13, 14]. Consider-
ing that FI is modifiable, the association of its dynamic 
change with all-cause mortality is of great public health 
significance. Previous studies have also found that frailty 
fluctuations in older adults are not negligible, mean-
while, frailty fluctuations represent a relevant yet hitherto 
untapped facet of frailty, which could contribute to a bet-
ter understanding of frailty development as well as could 
help to better understand frailty development in older 
adults and its association to other adverse outcomes [15]. 
Although several studies have explored the association of 
dynamic change in FI with all-cause mortality [16, 17], 
the relevant studies are still few, particularly among older 
Chinese populations.

Therefore, to fill the gap, we aimed to explore the asso-
ciation of 3-year change in FI with risk of all-cause mor-
tality among an older Chinese population and further 
assess whether the association differed by age, sex, and 
residence. In addition, we also aimed to explore the dose-
response association of 3-year change in FI with risk of 
all-cause mortality.

Methods
Study participants and design
Data for this study were obtained from the Chinese 
Longitudinal Healthy Longevity Survey (CLHLS). We 
selected the 2011–2012, 2014 and 2017–2018 surveys as 
baseline, first follow-up and second follow-up examina-
tion, which randomly recruited 9765 older participants 

in half of the counties or cities in 22 provinces of China 
[18]. We excluded participants aged < 65 years (n = 86), 
those who were lost to follow-up or died at the first 
follow-up examination (n = 3670), those with missing 
information of death time from the first follow-up to the 
second follow-up examination (n = 8), those with miss-
ing FI information or < 30 FI items at baseline examina-
tion (n = 387), and those with missing FI information or 
FI items < 30 at the first follow-up examination (n = 645). 
Finally, 4969 participants were enrolled (median age: 81 
years). All study participants provided signed informed 
consent, and the study was approved by the Biomedical 
Ethics Committee of Peking University.

Data collection
Baseline data were collected by trained research staff 
who administered a standard questionnaire to collect 
information on demographic characteristics, lifestyle risk 
factors, Mini-mental State Examination (MMSE) scores, 
and disease history. The Chinese version of the MMSE 
was used to assess the cognitive function, which was 
adapted from the international MMSE, and the MMSE 
score ranges from 0 to 30, with higher scores indicating 
better cognitive function [19–21]. The FI was assessed 
using a 38-item FI questionnaire. We constructed the FI 
questionnaire following a standard procedure [22]. The 
FI was based on health deficits, defined as symptoms, 
signs, disabilities, and diseases [22]. Criteria for health 
deficits to be included in the FI were [23]: association 
with the health status; had a prevalence > 1%; generally 
increased with age; no early-age onset; and affecting sev-
eral physiological systems. Each health deficit was scored 
from 0 to 1, or missing. For each participant, the FI score 
was calculated as the sum of deficit scores divided by 
the number of deficits included and ranged from 0 to 1. 
We constructed a 38-item FI following an established 
study using data from the CLHLS [23]. After the FI was 
calculated, all participants were categorized as robust 
(FI ≤ 0.12), pre-frail (0.12 < FI ≤ 0.25), or frail (FI > 0.25) 
[24]. The variables used to construct the FI and coding 
are defined in Supplementary Table S1. Other covari-
ates, including educational status, household income in 
the previous year, marital status, living pattern, current 
smoking, current alcohol drinking and current physical 
activity, were defined according to a previous study based 
on the CLHLS [25]. Educational status was classified as 
“never educated” and “ever educated”. Household income 
in the previous year was classified as < 15,000 Chinese 
Yuan (CNY) and ≥ 15,000 CNY. Marital status was clas-
sified as “married and living with a spouse” and “mar-
ried but not living with a spouse, divorced, widowed, 
and never married”. Living pattern was divided into “liv-
ing alone” and “living with others”. Current smoking, 
alcohol drinking, and physical activity were classified as 
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“current smoking” and “current non-smoking”, “current 
alcohol drinking” and “current non-alcohol drinking”, 
and “current physical activity” and “non-current activity”, 
respectively.

Participants were asked to wear light clothes and be 
barefoot when measuring anthropometric indices (height 
and weight) by trained staff following a standard proto-
col. Body mass index (BMI) was calculated as weight 
(kg) divided by the square of height (m). Systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) were 
measured using a mercury sphygmomanometer (upper 
arm type; Yuyue, Jiangsu, China) on the unclothed right 
upper arm after at least a 5-min rest, with participants in 
a seated position [26]. The measurements were repeated 
twice at 1-min intervals, and the average was used for 
further analysis.

The same questionnaire and measurement methods 
used at the baseline examination were used during the 
follow-up examinations in the 2014 and 2017–2018 sur-
veys. Incident deaths were mainly based on death cer-
tificates provided by local authorities or relatives of the 
deceased if death information was not available.

Statistical analysis
The 3-year change in FI was calculated as the FI at the 
end of the first follow-up minus that at baseline. Contin-
uous variables were described as medians (interquartile 
ranges) due to the skewed distribution and categorical 
variables as number (percentage). Wilcoxon rank sum 
and χ2 tests were used to test differences in baseline vari-
ables between sex. The 3-year change in FI was classified 
into five groups as follows: <-0.045, -0.045 to <-0.015, 
-0.015 to < 0.015, 0.015 to < 0.045 and ≥ 0.045, with stable 
FI (-0.015 to < 0.015) as the reference group [17]; mean-
while, both “<-0.045” and “-0.045 to <-0.015” groups 
were defined as FI loss, and both “0.015 to < 0.045” and 
“≥0.045” were defined as FI gain. Kaplan-Meier survival 
curves for cumulative survival rate and cumulative haz-
ard of the five groups were drawn. The log-rank tests 
were performed to determine the difference across these 
groups. The proportional-hazard assumption was tested 
by using Schoenfeld residuals analysis [27], with Kaplan-
Meier survival curves were also considered to test the 
proportional-hazard assumption, and 3-year change in 
FI and living pattern were not fit for proportional-haz-
ard assumption (Supplementary Table S2 and Supple-
mentary Figure S1). The association of 3-year change in 
FI with risk of all-cause mortality were investigated by 
Cox proportional-hazard regression models, estimating 
hazard ratios (HRs) and 95% confidence intervals (CIs). 
The Cox proportional-hazard regression models began 
with model 1 (unadjusted). Model 2 adjusted for age and 
sex at baseline. Model 3 adjusted for variables in model 
2 plus residence, household income in the previous year, 

educational status, marital status, living pattern, current 
smoking status, current alcohol drinking status, and cur-
rent physical activity status at baseline. Model 4 adjusted 
for variables in model 3 plus MMSE score, BMI, SBP, 
DBP, resting heart rate (RHR) and FI at baseline. Sen-
sitivity analyses were used to test the robustness of the 
results by excluding 481 participants with MMSE < 18 at 
baseline in model 5, and by additional including 910 par-
ticipants with < 30 FI items at baseline or first follow-up 
examination in model 6. In addition, because not all vari-
ables were fit for the proportion-hazard assumption, we 
another adjusted for the interaction item (3-year change 
in FI × the natural logarithm of survival time) in all the 
6 models and the interaction item (living pattern × the 
natural logarithm of survival time) in model 3 to model 
6 [28]. Linear trends across 3-year change in FI groups 
were evaluated by considering a median value within 
each group as continuous variables. Cox proportional-
hazard regression models were further used to explore 
the association of 3-year change in FI status with risk of 
all-cause mortality, with adjusting the same covariates in 
model 4 (except FI at baseline).

Moreover, we evaluated the interaction between the 
3-year change in FI with age, sex, and residence and 
their effects on the risk of all-cause mortality using Cox 
proportional-hazard regression models adjusted for the 
same covariates in model 4. In addition, Cox propor-
tional-hazard regression models stratified by age (65 to 
< 80 years and ≥ 80 years), sex (men and women), and 
residence (city/town and village) at baseline were used to 
explore the association of 3-year change in FI with risk of 
all-cause mortality in different subgroup.

To describe the dose-response association of 3-year 
change in FI with risk of all-cause mortality, we used 
restricted cubic splines (RCS) incorporated in the Cox 
proportional-hazard regression models. We considered 
3-year change in FI = 0 as the reference. The covariates 
were the same as those in model 4.

Data were analyzed using SAS v9.4 (SAS Institute, 
Cary, NC, USA) and R v4.3.1 (R Foundation for Statistical 
Computing, Vienna, Austria). Statistical significance was 
defined as two-sided α = 0.05.

Results
Baseline characteristics of the study participants according 
to sex
Table  1 shows the baseline characteristics of the study 
participants according to sex. Data for household income 
in the previous year ≥ 15,000 CNY, ever received edu-
cation, married and living with spouse, current smok-
ing, current alcohol drinking, current physical activity, 
MMSE score, height, weight, and BMI at baseline were 
higher for men than for women, whereas data for age, 
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living alone, SBP, RHR and FI at baseline were lower for 
men than for women (all P < 0.05).

Risk of all-cause mortality by groups of 3-year change in FI
During a median follow-up duration of 4.08 years, 1388 
patients died, with the mortality were 75.58/1000 per-
son-years (death developed 683 in men, with the mortal-
ity were 78.05/1000 person-years and death developed 

705 in women, with the mortality were 73.32/1000 per-
son-years). Figure  1 shows the Kaplan-Meier curves for 
the cumulative survival rate and cumulative hazard of 
all-cause mortality with five groups of 3-year change in 
FI (both P < 0.001 for log rank tests). Table  2 shows the 
risk of all-cause mortality by groups of 3-year change in 
FI. After adjusting for potential confounders, the risk of 
all-cause mortality was increased with FI gain ≥ 0.045 

Table 1  Baseline characteristics of study participants based according to sex
Characteristics Total (n = 4969) Men (n = 2394) Women (n = 2575) P value
Age (years) 81.00 (73.00–89.00) 79.00 (73.00–86.00) 82.00 (74.00–91.00) < 0.001
City or town dweller (%) 2326 (46.81) 1144 (47.79) 1182 (45.90) 0.184
Household income in the previous year ≥ 15,000 CNY (%) 2381 (47.92) 1190 (49.71) 1191 (46.25) 0.015
Ever received education (%) 2346 (47.36) 1686 (70.57) 660 (25.73) < 0.001
Married and living with spouse (%) 2269 (45.84) 1486 (62.38) 783 (30.49) < 0.001
Living alone (%) 915 (18.57) 362 (15.25) 553 (21.65) < 0.001
Current smoking (%) 1018 (20.57) 874 (36.63) 144 (5.62) < 0.001
Current alcohol drinking (%) 951 (19.31) 752 (31.77) 199 (7.78) < 0.001
Current physical activity (%) 1939 (39.47) 1020 (42.98) 919 (36.18) < 0.001
MMSE score 27.00 (24.00–28.00) 28.00 (26.00–29.00) 26.00 (22.00–28.00) < 0.001
Height (cm) 157.00 (150.00–165.00) 164.00 (159.00–169.00) 150.00 (146.00–156.00) < 0.001
Weight (kg) 52.00 (45.00–61.00) 57.00 (50.00–65.00) 48.00 (41.00–55.00) < 0.001
BMI (kg/m2) 21.34 (19.02–23.88) 21.48 (19.23–23.81) 21.11 (18.67–24.03) 0.007
SBP (mmHg) 135.00 (122.50–150.00) 132.50 (122.00–147.00) 137.50 (124.50–150.00) < 0.001
DBP (mmHg)* 80.00 (72.50–87.50) 80.00 (72.50–88.00) 80.00 (72.50–87.50) 0.567
RHR (beat/min) 74.00 (68.00–80.00) 72.00 (68.00–80.00) 75.00 (70.00–80.00) < 0.001
Frailty index 0.11 (0.08–0.16) 0.11 (0.07–0.15) 0.13 (0.09–0.18) < 0.001
3-year change in frailty index 0.01 (-0.03–0.06) 0.01 (-0.03–0.06) 0.01 (-0.03–0.06) 0.627
Data are median (interquartile range) or number (percentage)

CNY, Chinese yuan; MMSE, Mini-mental State Examination; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; RHR, resting heart rate
*: Mean ± standard deviation of DBP by sex were 80.76 ± 11.38 mmHg and 80.60 ± 11.71 mmHg

Fig. 1  Kaplan-Meier curves for cumulative mortality rate according to five groups of 3-year change in frailty index. G1, <-0.045; G2, -0.045 to <-0.015; G3, 
-0.015 to < 0.015; G4, 0.015 to < 0.045; G5, ≥ 0.045
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versus stable FI (-0.015 to < 0.015) of 3-year change in 
FI (HR = 2.27, 95% CI: 1.89–2.73), and decreased with FI 
loss > 0.045 versus stable FI (-0.015 to < 0.015) of 3-year 
change in FI (HR = 0.54, 95% CI: 0.42–0.68). In addition, 
the results of the sensitivity analysis in models 5 and 6 
revealed a similar association of the 3-year change in FI 
with risk of all-cause mortality.

Figure 2 illustrates the association of 3-year change in 
FI with risk of all-cause mortality according to age, sex, 
and residence at baseline. We first observed that age 
modified the association between 3-year change in FI and 
risk of all-cause mortality (age×FI change interaction, P 
for interaction = 0.016), and no statistically significant 
interaction between 3-year change in FI and sex / resi-
dence at baseline on all-cause mortality risk was observed 
(P for interaction = 0.386 and P for interaction = 0.803). 
The subgroup analysis of association between 3-year 
change in FI and risk of all-cause mortality on age, sex, 
and residence at baseline was also consistent with the 
results in Table 2.

Dose-response association of 3-year change in FI with risk 
of all-cause mortality
The adjusted dose-response association of 3-year change 
in FI with risk of all-cause mortality in the RCS analysis 
is presented in Fig.  3. The RCS results illustrate that as 
compared with 3-year change in FI = 0, risk of all-cause 
mortality increased with an increase in FI gain, and a 

nonlinear dose-response association of 3-year change in 
FI with risk of all-cause mortality was observed (P over-
all < 0.001 and P nonlinear < 0.001). Sensitivity analyses 
excluding participants with MMSE scores < 18 and addi-
tional including 910 participants with < 30 FI items at 
baseline or first follow-up examination demonstrate sim-
ilar results with the study participants.

Risk of all-cause mortality by 3-year change in FI status
Figure  4 illustrates the association of 3-year change in 
FI status with risk of all-cause mortality. After adjust-
ing for potential confounding factors, compared with 
remain pre-frail status both in baseline and first follow-
up examination, with 3-year change from pre-frail to 
robust and persistent robust had lower 41% and 50% risks 
of all-cause mortality (HR = 0.59, 95% CI: 0.49–0.70 and 
HR = 0.50, 95% CI: 0.40–0.63); whereas, the 3-year change 
in FI from robust to frail, pre-frail to frail, and persistent 
frail to frail were associated with higher (1.68-fold, 1.89-
fold, and 1.13-fold, respectively) risks of all-cause mor-
tality (HR = 2.68, 95% CI: 1.97–3.65, HR = 2.89, 95% CI: 
2.34–3.57 and HR = 2.13, 95% CI: 1.67–2.71). In addition, 
the results of sensitivity analyses revealed similar results.

Discussion
Our study indicated that the 3-year change in FI was 
positively associated with the risk of all-cause mortal-
ity in an older Chinese population, with a nonlinear 

Table 2  Risk of all-cause mortality by groups of 3-year change in frailty index in an older Chinese population
Characteristics 3-year change in frailty index P for trend

<-0.045 -0.045 to <-0.015 -0.015 to < 0.015 0.015 to < 0.045 ≥ 0.045
No. of participants (n) 923 720 931 782 1613
No. Death (n) 254 167 192 181 594
Mortality rate* 74.34 60.67 53.18 60.79 105.91
Model 1a 0.55 (0.45–0.68) 0.88 (0.72–1.09) 1.00 1.47 (1.20–1.80) 4.15 (3.50–4.91) < 0.001
Model 2b 0.49 (0.40–0.60) 0.79 (0.65–0.98) 1.00 1.36 (1.11–1.67) 3.24 (2.73–3.84) < 0.001
Model 3c 0.69 (0.56–0.86) 0.84 (0.68–1.04) 1.00 1.20 (0.97–1.48) 2.39 (2.00–2.86) < 0.001
Model 4d 0.54 (0.42–0.68) 0.80 (0.64–1.00)# 1.00 1.22 (0.98–1.51) 2.27 (1.89–2.73) < 0.001
Sensitivity analysis
Model 5e 0.43 (0.33–0.56) 0.76 (0.60–0.96) 1.00 1.27 (1.01–1.60) 2.78 (2.28–3.39) < 0.001
Model 6f 0.44 (0.36–0.55) 0.76 (0.62–0.93) 1.00 1.19 (0.98–1.45) 2.41 (2.04–2.84) < 0.001
Data are hazard ratios (HRs) and 95% confidence intervals (CIs). The interaction item (3-year change in FI × the natural logarithm of survival time) was adjusted in all 
the 6 models, and the interaction item (living pattern × the natural logarithm of survival time) was adjusted in model 3 to model 6. Likelihood tests were used in the 
6 models and all P-value < 0.001

Bold values showed statistical significance (P < 0.05)
*: 1000 person-years
#: HR (95% CI) with three decimals was 0.801 (0.644–0.997), and the P-value was 0.047
a: Unadjusted
b: Adjusted for age and sex at baseline
c: Adjusted for variables in model 2 plus residence, household income in the previous year, educational status, marital status, living pattern, current smoking status, 
current alcohol drinking status, and current physical activity status at baseline
d: Adjusted for variables in model 3 plus Mini-Mental State Examination score, body mass index, systolic blood pressure, diastolic blood pressure, resting heart rate 
and frailty index at baseline
e: Adjusted for variables in model 4 excluding participants with Mini-Mental State Examination score < 18 at baseline
f: Adjusted for variables in model 4 additional including 910 participants with < 30 FI items at baseline or first follow-up examination
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dose-response association of 3-year change in FI with 
risk of all-cause mortality was observed.

In the current study, the increase in FI could increase 
the risk of all-cause mortality; meanwhile, persistent frail 
status may also increase the risk of all-cause mortality. 
However, previous studies of the association between 
dynamic change in FI and risk of all-cause mortality 
have been inconsistent [29, 30]. Several previous studies 
demonstrated similar results with our study. One cohort 
study conducted in Korea enrolled 953 participants 
(aged ≥ 65 years, with a mean follow-up 56.9 months) 
and demonstrated that a 1.37-fold higher risk of com-
posite outcome of mortality and institutionalization with 
worse group (increase in FI ≥ 0.03) versus stable group 
(change in FI < 0.03) [29]. Another study which including 

4 cohorts: HRS cohort (enrolled 6963 participants aged 
65 to 105 years, a median follow-up 10.6 years), SHARE 
cohort (enrolled 2849 participants aged 65 to 101 years, 
a median follow-up 7.3 years), ELSA cohort (enrolled 
1650 participants aged 65 to 87 years, a median follow-
up 10.0 years), and LASA cohort (enrolled 1287 par-
ticipants aged 65 to 89 years, a median follow-up 10.9 
years), and demonstrated that with each 0.01 increase in 
FI gain, 56%, 24%, 40% and 71% higher risks of all-cause 
mortality, respectively [30]. In addition, another two 
cohort studies conducted in America focusing on Medi-
care beneficiaries also demonstrated similar results [17, 
31]. One cohort study enrolled 995,664 Medicare ben-
eficiaries (mean age 77 years, over 1-year follow-up) and 
demonstrated 1.30-fold, 68%, and 39% higher risks of 

Fig. 2  Association of 3-year change in frailty index with risk of all-cause mortality by age, sex, and residence. The mortality rate was demonstrated by 1000 
person-years. Adjusting for two interaction items (3-year change in FI × the natural logarithm of survival time and living pattern × the natural logarithm of 
survival time), age, sex, residence, household income in the previous year, educational status, marital status, living pattern, current smoking status, current 
alcohol drinking status, current physical activity status, Mini-Mental State Examination score, body mass index, systolic blood pressure, diastolic blood 
pressure, resting heart rate, and frailty index at baseline; residence-stratified analyses were not adjusted for residence
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Fig. 4  Association of 3-year change in FI status with risk of all-cause mortality. The mortality rate was demonstrated by 1000 person-years. Adjusting for 
two interaction items (3-year change in FI × the natural logarithm of survival time and living pattern × the natural logarithm of survival time), age, sex, 
residence, household income in the previous year, educational status, marital status, living pattern, current smoking status, current alcohol drinking status, 
current physical activity status, Mini-Mental State Examination score, body mass index, systolic blood pressure, diastolic blood pressure, and resting heart 
rate at baseline

 

Fig. 3  Association of 3-year change in frailty index on a continuous scale with risk of all-cause mortality in total participants (A), exclude participants with 
MMSE score < 18 (B), and additional include 910 participants with < 30 FI items at baseline or first follow-up examination (C). Hazard ratios and 95% confi-
dence intervals (CIs) are from a Cox proportional-hazard regression model with restricted cubic splines, with 3-year change in frailty index = 0 as references 
and adjusting for two interaction items (3-year change in FI × the natural logarithm of survival time and living pattern × the natural logarithm of survival 
time), age, sex, residence, household income in the previous year, educational status, marital status, living pattern, current smoking status, current alcohol 
drinking status, current physical activity status, Mini-Mental State Examination score, body mass index, systolic blood pressure, diastolic blood pressure, 
resting heart rate, and frailty index at baseline
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all-cause mortality with each 0.10 increase in FI among 
participants that were not frail, those with mild frailty, 
and those with moderate-to-severe frailty, respectively 
[31]. Another cohort study on 5672 Medicare benefi-
ciaries (aged ≥ 65 years, 4-year follow-up) and demon-
strated 1.35-fold, 96%, and 99% higher risks of all-cause 
mortality with a large increase group (1-year change in 
FI > 0.045) versus stable FI (1-year change in FI < 0.015) 
among participants in the pre-frail, mildly frail and mod-
erate-to-severely frail groups, respectively [31]. However, 
other studies reported inconsistent results [16, 32]. A 
cohort study conducted in Canada enrolled 3585 partici-
pants who attended cardiac rehabilitation (mean age 61.9 
years, 5-year follow-up) and demonstrated no significant 
association of FI change with all-cause mortality [32]; 
whereas another study based on three longitudinal Swed-
ish Twin Registry cohorts enrolled 3689 participants 
(mean age 74 years, a max follow-up 31.6 years) and also 
demonstrated no significant association [16]. The incon-
sistency among previous studies may be owing to differ-
ences in participant demography, FI assessment methods, 
confounding factors adjusted in the models, and sample 
sizes, all of which may have affected the results. In addi-
tion, an interaction between statistical significance inter-
action between 3-year change in FI and age at baseline 
on all-cause mortality risk was observed in the current 
study, which indicated that there was effect modification 
between 3-year change in FI and age in relation to risk of 
all-cause mortality.

The mechanism underlying the association between 
dynamic change in FI and risk of all-cause mortality 
remains unclear. Several biological mechanisms can be 
used to explain this association. First, several biomark-
ers may play a role in the mechanism underlying frailty 
[33–35], such as C-reactive protein, elevated glucose, and 
decreased haemoglobin levels, which could further lead 
to increased incident of death [36–38]. Second, potential 
causes of frailty, such as aging or poor nutritional status, 
are positively associated with mortality [39]. Third, a pre-
vious study indicated that frailty was significantly associ-
ated with decreased physical and mental function, both 
of which could contribute to a poor prognosis [40].

To our knowledge, this is the first study exploring the 
association of dynamic change in FI with risk of all-cause 
mortality in an older Chinese population from 22 prov-
inces in China, which indicated that the results could 
be extended to the general older Chinese population. 
In addition, the study also considered the association 
between repeated measures of FI and risk of all-cause 
mortality. However, several limitations should be noted. 
First, information on whether the change in FI was owing 
to a modified lifestyle or other reasons is lacking, which 
may have biased the results. Second, information on FI 
was based on self-reported information, which may have 

led to misclassification. However, a previous study dem-
onstrated that characteristics in an FI constructed exclu-
sively from test-based measures yielded were similar 
with those in a self-report-based FI [41]. Third, although 
several potential confounding factors were adjusted, we 
could not properly adjust for nutrient consumption or 
genetic variables because of incomplete data. Fourth, 
the classification was based on one older population in 
the USA rather than older Chinese population, which 
may also have effect on the results; meanwhile, because 
our results were obtained from an older Chinese popula-
tion, there are limitations in extrapolating the results to 
populations living in other regions. Finally, because the 
current study was based on only three examination infor-
mation, it was not possible to explore the association 
between FI trajectory of FI and risk of all-cause mortality.

In conclusion, we observed that a great increase in FI 
was positively associated with an increased risk of all-
cause mortality and that differences in age may influ-
ence the effect of the change in FI on all-cause mortality, 
which illustrated that improving frailty-related factors 
may reduce the risk of among older Chinese popula-
tion; meanwhile, persistent frail status was also positively 
associated with risk of all-cause mortality. Therefore, 
the older Chinese population should pay more attention 
to preventing an increase in FI or persistent frailty sta-
tus. Further multicenter, large-sample studies should be 
conducted to provide more evidence for improving the 
health status of older populations, especially older Chi-
nese population.

Abbreviations
FI	� Frailty index
MMSE	� Mini-mental State Examination
CNY	� Chinese Yuan
BMI	� Body mass index
SBP	� Systolic blood pressure
DBP	� Diastolic blood pressure
HR	� Hazard ratio
CI	� Confidence interval
RHR	� Resting heart rate
RCS	� Restricted cubic spline

Supplementary Information
The online version contains supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​8​6​/​s​1​2​8​7​7​-​0​2​4​-​0​5​6​3​9​-​1​​​​​.​​

Supplementary Material 1

Acknowledgements
The investigators are grateful to the dedicated participants and all research 
staff of the study.
Clinical trial number: Not applicable.

Author contributions
Dechen Liu participated in the design, data analysis, and writing of this study. 
Guoli Yan and Jinjin Wang provided supervision and guidance at all stages 
including the analyses. Qianqian Ma, Mingyu Zuo and Yuqi Niu assisted with 
drafting the article. Guoli Yan prepared for the manuscript for publication. 

https://doi.org/10.1186/s12877-024-05639-1
https://doi.org/10.1186/s12877-024-05639-1


Page 9 of 10Liu et al. BMC Geriatrics         (2024) 24:1045 

All authors reviewed and commented on drafts of the manuscript, and 
contributed to the article and approved the submitted version.

Funding
This study was supported by the National Natural Science Foundation of 
China (grant nos. 82104748).

Data availability
The datasets supporting this article are publicly available from the project 
of the Chinese Longitudinal Healthy Longevity Survey (CLHLS). The datasets 
analyzed during the current study are available at: ​h​t​t​​p​s​:​/​​/​o​p​​e​n​​d​a​t​a​.​p​k​u​.​e​d​u​.​c​
n​/​d​a​t​a​v​e​r​s​e​/​C​H​A​D​S​.​​

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki, and 
approved by the Research Ethics Committee of Peking University. All study 
participants or their legal proxy respondents must obtain and sign written 
informed consent before completing each study questionnaire.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 30 August 2024 / Accepted: 16 December 2024

References
1.	 K Y. NMS. L, K. S. World Population Ageing 2020 Highlights: Living arrange-

ments of older persons. New York: United Nations Department of Economic 
and Social Affairs, Population Division; 2020 May 21. Report No.: 0140–6736 
(Print) 0140–6736.

2.	 Beard JR, Officer A, de Carvalho IA, et al. The World report on age-
ing and health: a policy framework for healthy ageing. Lancet. 
2016;387(10033):2145–54.

3.	 Kim DH, Rockwood K. Frailty in older adults. N Engl J Med. 
2024;391(6):538–48.

4.	 Fried LP, Cohen AA, Xue QL, Walston J, Bandeen-Roche K, Varadhan R. The 
physical frailty syndrome as a transition from homeostatic symphony to 
cacophony. Nat Aging. 2021;1(1):36–46.

5.	 Mitnitski A, Song X, Rockwood K. Assessing biological aging: the origin of 
deficit accumulation. Biogerontology. 2013;14(6):709–17.

6.	 Rockwood K, Mitnitski A. Frailty defined by deficit accumulation and geriatric 
medicine defined by frailty. Clin Geriatr Med. 2011;27(1):17–26.

7.	 Zhao X, Zhu R, Chen Q, He J. Effect of frailty status on mortality risk among 
Chinese community-dwelling older adults: a prospective cohort study. BMC 
Geriatr. 2023;23(1):150.

8.	 Ni Lochlainn M, Cox NJ, Wilson T et al. Nutrition and Frailty: opportunities for 
Prevention and Treatment. Nutrients. 2021;13(7).

9.	 Angulo J, El Assar M, Álvarez-Bustos A, Rodríguez-Mañas L. Physical activity 
and exercise: strategies to manage frailty. Redox Biol. 2020;35:101513.

10.	 Yang ZC, Lin H, Jiang GH, et al. Frailty is a risk factor for falls in the older 
adults: a systematic review and Meta-analysis. J Nutr Health Aging. 
2023;27(6):487–595.

11.	 Liu HX, Ding G, Yu WJ, et al. Association between frailty and incident risk of 
disability in community-dwelling elder people: evidence from a meta-analy-
sis. Public Health. 2019;175:90–100.

12.	 Guo CY, Sun Z, Tan CC, Tan L, Xu W. Multi-concept Frailty predicts the late-
life occurrence of Cognitive decline or Dementia: an updated systematic 
review and Meta-analysis of Longitudinal studies. Front Aging Neurosci. 
2022;14:855553.

13.	 Stolz E, Schultz A, Schüssler S, Mayerl H, Hoogendijk EO, Freidl W. Frailty 
predicts all-cause and cause-specific mortality among older adults in Austria: 
8-year mortality follow-up of the Austrian health interview survey (ATHIS 
2014). BMC Geriatr. 2024;24(1):13.

14.	 Peng Y, Zhong GC, Zhou X, Guan L, Zhou L. Frailty and risks of all-cause and 
cause-specific death in community-dwelling adults: a systematic review and 
meta-analysis. BMC Geriatr. 2022;22(1):725.

15.	 Stolz E, Mayerl H, Freidl W. Fluctuations in frailty among older adults. Age 
Ageing. 2019;48(4):547–52.

16.	 Bai G, Szwajda A, Wang Y, et al. Frailty trajectories in three longitudinal studies 
of aging: is the level or the rate of change more predictive of mortality? Age 
Ageing. 2021;50(6):2174–82.

17.	 Shi SM, Olivieri-Mui B, McCarthy EP, Kim DH. Changes in a Frailty Index and 
Association with Mortality. J Am Geriatr Soc. 2021;69(4):1057–62.

18.	 Liu D, Niu Y, Duan Y, Wang J, Yan G. Association of 3-year change in sleep 
duration with risk of all-cause mortality in Chinese older population: a 
national cohort study. Sleep Med. 2023;105:25–31.

19.	 Lv X, Li W, Ma Y, et al. Cognitive decline and mortality among community-
dwelling Chinese older people. BMC Med. 2019;17(1):63.

20.	 Zeng Y, Feng Q, Hesketh T, Christensen K, Vaupel JW. Survival, disabilities in 
activities of daily living, and physical and cognitive functioning among the 
oldest-old in China: a cohort study. Lancet. 2017;389(10079):1619–29.

21.	 Zeng Y, Vaupel JW. Functional capacity and self–evaluation of Health and Life 
of Oldest Old in China. Blackwell Publishers Inc. 2002(4).

22.	 Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K. A standard proce-
dure for creating a frailty index. BMC Geriatr. 2008;8:24.

23.	 Bennett S, Song X, Mitnitski A, Rockwood K. A limit to frailty in very old, 
community-dwelling people: a secondary analysis of the Chinese longitudi-
nal health and longevity study. Age Ageing. 2013;42(3):372–7.

24.	 Malmstrom TK, Miller DK, Morley JE. A comparison of four frailty models. J Am 
Geriatr Soc. 2014;62(4):721–6.

25.	 Wang J, Liu D, Guo C, et al. Association between garden work and risk of 
incident dementia in an older population in China: a national cohort study. 
Public Health. 2024;232:74–81.

26.	 Yao Y, Cao K, Zhang K, et al. Residential proximity to Major roadways and 
prevalent hypertension among older women and men: results from the 
Chinese longitudinal healthy longevity survey. Front Cardiovasc Med. 
2020;7:587222.

27.	 Schoenfeld D. Partial residuals for the proportional hazards regression-model. 
Biometrika. 1982;69(1):239–41.

28.	 Spirtos NM, Enserro D, Homesley HD, et al. The addition of paclitaxel to 
doxorubicin and cisplatin and volume-directed radiation does not improve 
overall survival (OS) or long-term recurrence-free survival (RFS) in advanced 
endometrial cancer (EC): a randomized phase III NRG/Gynecologic Oncology 
Group (GOG) study. Gynecol Oncol. 2019;154(1):13–21.

29.	 Ji S, Baek JY, Jin T, Lee E, Jang IY, Jung HW. Association between changes 
in Frailty Index and Clinical outcomes: an Observational Cohort Study. Clin 
Interv Aging. 2022;17:627–36.

30.	 Stolz E, Hoogendijk EO, Mayerl H, Freidl W. Frailty Changes Predict 
Mortality in 4 longitudinal studies of aging. J Gerontol Biol Sci Med Sci. 
2021;76(9):1619–26.

31.	 Shi SM, Steinberg N, Oh G, et al. Change in a Claims-based Frailty Index, 
Mortality, and Health Care costs in Medicare Beneficiaries. J Gerontol Biol Sci 
Med Sci. 2023;78(7):1198–203.

32.	 Quach J, Kehler DS, Giacomantonio N, et al. Association of admission frailty 
and frailty changes during cardiac rehabilitation with 5-year outcomes. Eur J 
Prev Cardiol. 2023;30(9):807–19.

33.	 Kameda M, Teruya T, Yanagida M, Kondoh H. Frailty markers comprise blood 
metabolites involved in antioxidation, cognition, and mobility. Proc Natl Acad 
Sci U S A. 2020;117(17):9483–9.

34.	 Vespasiani-Gentilucci U, De Vincentis A, Ferrucci L, Bandinelli S, Antonelli 
Incalzi R, Picardi A. Low alanine aminotransferase levels in the Elderly Popula-
tion: Frailty, disability, Sarcopenia, and reduced survival. J Gerontol Biol Sci 
Med Sci. 2018;73(7):925–30.

35.	 Fujisawa C, Umegaki H, Sugimoto T, et al. Older adults with a higher frailty 
index tend to have electrolyte imbalances. Exp Gerontol. 2022;163:111778.

36.	 Song BM, Lee JH, Woo HD, Cho MJ, Kim SS. Association between haemoglo-
bin A1c and all-cause and cause-specific mortality in middle-aged and older 
koreans: a prospective cohort study. Nutr Metab (Lond). 2022;19(1):46.

37.	 Kohansal K, Masrouri S, Khalili D, et al. Changes in Fasting plasma glucose 
status and risk of mortality events in individuals without diabetes over 
two decades of Follow-up: a pooled cohort analysis. Cardiovasc Diabetol. 
2022;21(1):267.

38.	 Kawamoto R, Kikuchi A, Niomiya D, Kumagi T. High-sensitivity C-reactive 
protein is a predictor of all-cause mortality in a rural Japanese population. J 
Clin Lab Anal. 2024;38(4):e25015.



Page 10 of 10Liu et al. BMC Geriatrics         (2024) 24:1045 

39.	 Lohman MC, Resciniti NV, Wirth MD, Shivappa N, Hébert JR, Obesity. 
Dietary inflammation, and Frailty among older adults: evidence from the 
National Health and Nutrition Examination Survey. J Nutr Gerontol Geriatr. 
2019;38(1):18–32.

40.	 Abdelhafiz AH, Rodríguez-Mañas L, Morley JE, Sinclair AJ. Hypoglycemia 
in older people - a less well recognized risk factor for frailty. Aging Dis. 
2015;6(2):156–67.

41.	 Theou O, O’Connell MD, King-Kallimanis BL, O’Halloran AM, Rockwood K, 
Kenny RA. Measuring frailty using self-report and test-based health measures. 
Age Ageing. 2015;44(3):471–7.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Association of 3-year change in frailty index with risk of all-cause mortality among older Chinese population: a national cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study participants and design
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of the study participants according to sex
	﻿Risk of all-cause mortality by groups of 3-year change in FI
	﻿Dose-response association of 3-year change in FI with risk of all-cause mortality
	﻿Risk of all-cause mortality by 3-year change in FI status

	﻿Discussion
	﻿References


