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Abstract
Background Frailty and its components are proposed to associate with kidney function, but little attention is paid 
to the significance of changes in their status on rapid loss of kidney function. This study aimed to investigate the 
association between changes in frailty and its components status with rapid loss of renal function.

Methods This study used data from China Health and Retirement Longitudinal Study (CHARLS). Frailty status was 
measured using the Fried frailty phenotype (FP) scale, including five components: slowness, weakness, exhaustion, 
inactivity, and shrinking. Frailty status was further classified into three levels: robust (0 component), prefrail (1–2 
components) and frail (3–5 components). Changes in frailty status were assessed by frailty status at baseline and 
4- year follow-up. Rapid loss of kidney function was defined as a rate of estimate glomerular filtration rate(eGFR) 
decline ≥ 4 ml/min per 1.73 m2per year. Logistic regression models were performed to assess the association between 
changes in frailty status and its components status with rapid eGFR decline.

Results A total of 2705 participants were included with 316 (11.68%) participants categorized as rapid eGFR decline 
during the 4-year follow-up. Compared with baseline prefrail participants who progressed to frail, prefrail participants 
who maintained prefrail or recovered to robust status had decreased risks of rapid eGFR decline (stable prefrail status, 
OR = 0.608, 95% CI: 0.396–0.953; recover to robust, OR = 0.476, 95% CI: 0.266–0.846). In contrast, among baseline 
robust or frail participants, we did not find changes in frailty status significantly affect the risks of rapid loss of kidney 
function. Moreover, participants who experienced incident weakness showed the significant relationship with an 
increased risk of rapid eGFR decline (OR = 1.531, 95% CI: 1.051–2.198) compared to stable non-weakness participants. 
Other changes of frailty components status did not significantly affect the risks of rapid eGFR decline.

Conclusions The progression of frailty status increases the risks of rapid eGFR decline among prefrail populations. 
Preventing weakness, may benefit kidney function.
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Introduction
Frailty is a dynamic process that worsens with aging. 
Frailty presents with decreased functional reserve and 
increased susceptibility to adverse events [1]. It is associ-
ated with an increased risk of death, hospitalization and 
disability [2, 3]. Frailty is now a public health problem 
with a prevalence of 4-17% among persons older than 65 
and the prevalence of frailty increases to 10–45% among 
individuals older than 75 [4–7]. Recently, frailty has 
attracted much attention from nephrologists as glomer-
ular filtration rate (GFR)deteriorates with aging and the 
prevalence of frailty among people with chronic kidney 
disease (CKD) is higher than that among general older 
people [4, 8, 9]. Clarifying the association between frailty 
and renal impairment can provide new directions for the 
prevention of loss of kidney function in middle- aged and 
older populations.

The Fried frailty Phenotype（FP） is one of the promi-
nent clinical measures of frailty, which includes five 
distinct components: slowness, weakness, exhaustion, 
inactivity, and shrinking. Some studies have indicated 
that frailty is associated with a rapid decline in kidney 
function [10, 11]. Previous studies have also revealed 
that the components of the frailty phenotype are asso-
ciated with kidney function [12, 13]. The rapid loss of 
kidney function is associated with serious outcomes like 
all-cause mortality, hospitalizations, cardiovascular acci-
dents, and renal failure among individuals with CKD [14, 
15]. Furthermore, the rapid loss of kidney function also 
elevates the risk of all-cause mortality, cancer-related 
deaths, and cardiovascular deaths among the general 
population [16–18]. However, few studies have focused 
on the significance of changes in frailty status or its indi-
vidual components in the rapid loss of kidney function. 
Frailty is a dynamic process, which can be decelerated 
after appropriate interventions [19–21]. Assessing the 
association between the rapid loss of kidney function and 
the progression or recovery of frailty or its components 
can provide important evidence for interventions on 
frailty.

In this study, we used data from the China Health and 
Retirement Longitudinal Study (CHARLS). We aimed to 
(1) evaluate the relationship between changes in frailty 
status, assessed by the Frailty Phenotype, and rapid loss 
of kidney function and (2) investigate the significance of 
changes in individual components of the Frailty Pheno-
type on rapid loss of kidney function.

Methods
Study population
We used data from the CHARLS, a nationally represen-
tative long-term study of Chinese people aged over 45 
years old. The survey was first conducted in 2011, and 
followed-up was conducted every 2–3 years. Detailed 
descriptions of the study design and data collection pro-
cedures are available elsewhere [22]. The CHARLS was 
approved by the Ethics Review Committee of Peking Uni-
versity, and data became publicly available.

For this study, data from 2011 (baseline) and 2015 sur-
veys were collected for analysis, because these were the 
only 2 waves in which blood test results were collected. 
In total ,17,708 participants were enrolled in 2011. People 
were excluded if they met the following criteria: (1) being 
younger than 45 years old; (2) baseline estimate glomeru-
lar filtration rate (eGFR) < 60 mL/min/1.73 m2; (3) self-
reported kidney disease at baseline; (4) missing eGFR 
in either 2011 or 2015; (5) missing data on frailty status 
assessment in either 2011 or 2015. Finally,2705 partici-
pants were included. The selection process is shown in 
Fig. 1.

Assessment of frailty status
In this study, the frailty status was measured using the 
Fried frailty phenotype scale. Five items were assessed in 
the FP, including slowness, weakness, exhaustion, inactiv-
ity, and shrinking. We adopted modified criteria, which 
were combined with the information available from the 
CHARLS and were justified as equally valid for frailty 
based on previous studies [23, 24]. The items of the mod-
ified criteria were as follows: (1) Slowness was defined as 
limitation in walking 100  m or climbing several flights 
of stairs without resting; (2) Weakness was determined 
based on the question:“having difficulty in lifting or car-
rying weights over 5 kg”; (3) Exhaustion was defined 
according to two questions from the Center for Epide-
miological Studies-Depression scale: “I felt everything 
I did was an effort during last week” or “I could not get 
going during last week”; (4) Inactivity was determined if 
the participants did not participate in physical activity or 
walk at least 10  min at a time during a usual week; (5) 
Shrinking was defined as self-reported loss of at least 5 kg 
in the previous year or having a body mass index (BMI) 
of 18.5 kg/m2 or less. Robust was defined as participants 
with none of the previous criteria, prefrail was defined 
as participants with one or two criteria, and frail was 
defined as the presence of three or more criteria [25].

According to frailty status baseline and follow- up, 
participants were categorized into: (1) stable robust, (2) 
robust to prefrail/frail, (3) stable prefrail, (4) prefrail to 

Keywords Frailty, Frailty components, Rapid loss of kidney function



Page 3 of 9Deng et al. BMC Nephrology          (2024) 25:306 

robust, (5) prefrail to frail, (6) stable frail, and (7) frail to 
robust/prefrail groups.

Kidney outcome
The estimated glomerular filtration rate was assessed 
based on the CKD epidemiology collaboration creatinine 
equation [26]. The outcome was the rapid loss of kidney 
function. In several previous studies, a rapid progres-
sion of renal function was identified by an annual eGFR 
decrease exceeding 4 ml/min/1.73 m², and such individu-
als were at a significantly higher risk of adverse outcomes, 
including kidney failure, all-cause mortality, cardiovas-
cular events, and all-cause hospitalization [14, 27, 28]. 
Accordingly, we defined rapid loss of renal function as 
an annual eGFR decline greater than 4 ml/min/1.73 m². 
In this study, the definition of rapid loss of renal function 
was a difference in the value of eGFR between the two 
waves exceeding 16 ml/min/1.73 m2.

Co-variable assessment
The covariates were collected at baseline, including 
demographic factors (age, gender, marital status (married 
or partnered vs. others), education level (below primary 
school, primary school, middle school, high school or 
above), drinking status (ever drinkers vs. never drinkers), 
smoking status (ever smokes vs. never smokers)), labora-
tory indices (blood urea nitrogen, uric acid, creatinine, 
total cholesterol, triglycerides, low-density lipoprotein, 

high-density lipoprotein, high- sensitivity C reactive 
protein, HbA1c, eGFR continuous, eGFR group (60–89 
vs. ≥ 90)), physical indicators (BMI, blood pressure, and 
waist circumference) and comorbidities (anemia, hyper-
tension, diabetes, heart disease, cancer, stroke and arthri-
tis or rheumatism). Both systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) were averaged from 
three measurements. Mean arterial pressure (MAP) was 
determined as 1/3×SBP + 2/3×DBP. According to the 
World Health Organization, anemia was defined as the 
concentration of hemoglobin below 13  g/dL for males 
and below 12 g/dL for females. Other comorbidities were 
defined as self-reported medical history.

Statistical analysis
Categorical variables were presented as frequencies and 
percentages, while continuous variables were expressed 
as median and IQR. The comparison between groups was 
assessed using the χ2 test or fisher’s exact test for count 
data. The Mann- Whitney U test was used to compare 
metrological data. Univariate logistic analysis was con-
ducted to preliminarily evaluate the association between 
variables and the rapid loss of kidney function (Supple-
mentary Table 1). Sex and BMI have been linked to the 
loss of kidney function in a community-dwelling popu-
lation [29, 30]. Gender, BMI and variables with p < 0.15 
were further utilized to calibrate the multivariate logistic 
regression model. Tolerance < 0.1 or variance inflation 

Fig. 1 Flow chart of the study population
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factors (VIFs) > 10,were considered collinearity. Finally, 
age, sex, BMI, triglyceride, low-density lipoprotein, blood 
urea nitrogen, uric acid, eGFR, anemia and hypertension 
were selected as confounding variables for model adjust-
ment, to evaluate the relationship between the changes 
in frailty status/frailty components and rapid decline in 
eGFR.

We conducted a sensitivity analysis, recalculating 
eGFR using the CKD Epidemiology Collaboration’s cys-
tatin C equations (eGFRcysC) to evaluate the correla-
tion between the changes in frailty status and the rapid 
decline in eGFRcysC [26].

All statistical analyses were conducted using R(Version 
4.2.3). P values less than 0.05 were considered statistically 
significant (two- sided test).

Results
Characteristics of the study population
Based on the inclusion and exclusion criteria,2705 partic-
ipants were included comprising 237 (8.76%) participants 
in the stable robust group, 319 (11.79%) participants in 
the robust to prefrail/frail group, 1167 (43.14%) par-
ticipants in the stable prefrail group, 318 (11.76%) par-
ticipants in the prefrail to robust group,232 (8.58%) 
participants in the prefrail to frail group,186 (6.88%) par-
ticipants in the stable frail group and 246(9.09%) partici-
pants in the frail to robust/prefrail group. Stratified based 
on eGFR decline rate, baseline characteristics of the study 
population are shown in Table 1. There were 1132 males 
(41.85%), the overall median age was 59 years (IQR: 
53–65). A rapid loss of kidney function was observed in 
316 (11.68%) participants during the 4-year follow-up 
period. Compared to the non-rapid eGFR decline group, 
the rapid eGFR decline group had significantly higher 
age, uric acid levels, eGFR and prevalence of anemia (all 
p < 0.05). Conversely, higher low-density lipoprotein or 
serum creatinine levels were observed in participants of 
the non- rapid eGFR decline group (p < 0.05).

Association of baseline frailty status with rapid eGFR 
decline
Supplementary Table 2 presents the association of base-
line frailty status with the rapid loss of kidney function. 
After adjustment for age, gender and BMI (Model 1) or 
for age, gender, BMI, triglyceride, low-density lipopro-
tein, blood urea nitrogen, uric acid, eGFR, anemia and 
hypertension (Model 2), there was no significant rela-
tionship between baseline prefrail status and the risk of 
rapid eGFR decline compared to baseline robust status. 
In contrast, baseline frail participants had a significantly 
increased risk of rapid loss of kidney function com-
pared to baseline robust participants in both Model 1 
(OR = 1.618, 95% CI: 1.078–2.434, P = 0.020) and Model 2 
(OR = 1.543, 95% CI: 1.007–2.371, P = 0.047).

Association of changes in frailty status with rapid decline 
in eGFR
The relationship of changes in frailty status with rapid 
decline in eGFR is shown in Table 2. For baseline prefrail 
participants, those who recovered to robust status (Model 
1:OR = 0.500, 95% CI: 0.287–0.865, P = 0.013;Model 2: 
OR = 0.476, 95% CI: 0.266–0.846, P = 0.012) or those with 
stable prefrail status (Model 1:OR = 0.644, 95% CI: 0.428–
0.988, P = 0.039;Model 2: OR = 0.608, 95% CI: 0.396–
0.953, P = 0.026) showed significantly decreased risks of 
rapid eGFR decline compared to those who progressed to 
the frail status. After adjustment for confounders, there 
was no significant relationship between the changes in 
frailty status and rapid eGFR decline in either baseline 
robust group (robust to prefrail/frail vs. stable robust) 
or baseline frail group (frail to robust/prefrail vs. stable 
frail).

We observed consistent results when using the cys-
tatin C equation to reassess eGFR (Supplementary 
Table 3). Compared to the progression of the frailty sta-
tus, recovery from the prefrail status or maintaining a 
stable prefrail status was associated with a reduced risk 
of rapid kidney function decline in the baseline prefrail 
group. However, no significant relationship was observed 
between changes in frailty status and rapid eGFRcysC 
decline in the baseline robust or frail groups.

Association of changes in frailty components status with 
rapid eGFR decline
The association of changes in the status of frailty compo-
nents, including slowness, weakness, exhaustion, inac-
tivity, and shrinking, with rapid eGFR decline is shown 
in Table  3. In the population without corresponding 
frailty component at baseline, participants with devel-
oped weakness had significantly higher risks of rapid loss 
of kidney function compared to stable non-weakness 
population (Model 1:OR = 1.540, 95% CI: 1.073–2.177, 
P = 0.017;Model 2: OR = 1.531, 95% CI: 1.051–2.198, 
P = 0.023), whereas developed slowness, exhaustion, inac-
tivity and shrinking did not show significant differences 
compared to the corresponding population (all p > 0.05). 
In the population with corresponding frailty component 
at baseline, we observed no significant differences in the 
rapid loss of kidney function between recovery groups 
and corresponding contrast groups (all p > 0.05).

Discussion
In this study, we investigated the relationship between 
baseline frailty status, changes in frailty status or changes 
in the status of frailty components with rapid loss of kid-
ney function. We found that baseline frail participants 
had significantly elevated risks of rapid eGFR decline 
compared to baseline robust participants. At 4- year 
follow- up, only among baseline prefrail participants, 
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Characteristics Overall Non-Rapid eGFR decline Rapid eGFR decline p value
(n = 2705) (n = 2389) (n = 316)

Age (years) 59 (53,65) 59 (53,65) 61 (52,68) 0.035
Male(n(%)) 1,132(41.85%) 990 (41.44%) 142(44.94%) 0.261
Marital status(n(%)) 0.814
 Married or partnered 2,399 (88.69%) 2,117 (88.61%) 282 (89.24%)
 Other marital status 306 (11.31%) 272 (11.39%) 34 (10.76%)
Educational level(n(%)) 0.962
 Below primary school 1,363 (50.43%) 1,205 (50.46%) 158 (50.16%)
 Primary school 631 (23.34%) 557 (23.32%) 74 (23.49%)
 Middle school 486 (17.98%) 427 (17.88%) 59 (18.73%)
 High school or above 223 (8.25%) 199 (8.33%) 24 (7.62%)
Smoking status(n(%)) 0.696
 Never smokers 1,726 (63.81%) 1,528 (63.96%) 198 (62.66%)
 Ever smokers 979 (36.19%) 861 (36.04%) 118 (37.34%)
Drinking status(n(%)) 0.340
 Never drinkers 1,696 (62.72%) 1,506 (63.07%) 190 (60.13%)
 Ever drinkers 1,008 (37.28%) 882 (36.93%) 126 (39.87%)
Blood urea nitrogen (mg/dL) 14.93 (12.49, 17.84) 14.87 (12.46, 17.81) 15.39 (12.76, 18.01) 0.120
Uric acid (mg/dL) 4.18 (3.50, 5.04) 4.16 (3.49, 5.02) 4.36 (3.60, 5.15) 0.032
Creatinine (mg/dL) 0.73 (0.63, 0.85) 0.73 (0.64, 0.85) 0.72 (0.61, 0.84) 0.011
Total cholesterol (mg/dL) 190.98 (167.01, 216.88) 191.75 (167.40, 216.88) 187.31 (164.98, 218.43) 0.295
Triglyceride (mg/dL) 105.32 (75.22, 152.22) 105.32 (75.22, 151.34) 106.20 (72.35, 157.97) 0.880
LDL cholesterol (mg/dL) 114.82 (92.78, 137.63) 115.98 (93.94, 138.02) 110.95 (87.37, 132.99) 0.010
HDL cholesterol (mg/dL) 49.48 (40.59, 60.31) 49.87 (40.98, 59.92) 47.94 (39.43, 61.57) 0.516
hs - CRP (mg/L) 1.02 (0.53, 2.13) 1.01 (0.53, 2.14) 1.08 (0.54, 1.99) 0.834
HbA1c (%) 5.10 (4.90, 5.40) 5.10 (4.90, 5.40) 5.10 (4.80, 5.40) 0.785
eGFR(mL/min/1.73 m2) 95.47 (86.06, 102.58) 95.41 (85.77, 102.35) 95.67 (87.51, 105.32) 0.036
eGFR group (n (%)) 0.657
 60 ∼ 89 mL/min/1.73 m2 916 (33.86%) 813 (34.03%) 103 (32.59%)
 90 ∼ mL/min/1.73 m2 1,789 (66.14%) 1,576 (65.97%) 213 (67.41%)
Body mass index (kg/m2) 23.25 (20.92, 25.94) 23.23 (20.96, 25.90) 23.28 (20.67, 26.26) 0.959
Waist circumference (cm) 84.80 (78.00, 92.10) 84.80 (78.00, 92.00) 84.55 (78.00, 93.28) 0.761
Systolic blood pressure (mm Hg) 126.33 (113.33, 141.67) 126.33 (113.33, 141.67) 128.67 (113.00, 143.33) 0.378
Diastolic blood pressure (mm Hg) 74.33 (67.00, 82.67) 74.67 (67.33, 82.67) 73.67 (65.33, 82.00) 0.400
Mean arterial pressure (mm Hg) 91.89 (83.00, 101.67) 91.89 (83.00, 101.67) 92 (82.56, 102.44) 0.947
Anemia (n (%)) 321 (12.09%) 270 (11.50%) 51 (16.61%) 0.013
Hypertension (n (%)) 772 (28.70%) 669 (28.16%) 103 (32.80%) 0.100
Diabetes or HBG (n (%)) 186 (6.96%) 164 (6.95%) 22 (7.01%) > 0.999
Heart problem (n (%)) 343 (12.79%) 303 (12.80%) 40 (12.74%) > 0.999
Stroke (n (%)) 64 (2.38%) 56 (2.35%) 8 (2.54%) 0.996
Cancer (n (%)) 26 (0.97%) 23 (0.97%) 3 (0.95%) > 0.999
Arthritis or rheumatism (n (%)) 1,012 (37.47%) 886 (37.15%) 126 (39.87%) 0.380
Baseline frailty status (n (%)) 0.071
 Robust 556 (20.55%) 501 (20.97%) 55 (17.41%)
 Pre-frail 1,717 (63.48%) 1,519 (63.58%) 198 (62.66%)
 frail 432 (15.97%) 369 (15.45%) 63 (19.94%)
Baseline robust group (n (%)) 0.555
 Stable robust 237 (42.63%) 211 (42.12%) 26 (47.27%)
 Robust to pre-frail/frail 319 (57.37%) 290 (57.88%) 29 (52.73%)
Baseline pre-frail group (n (%)) 0.066
 Pre-frail to frail 232 (13.51%) 196 (12.90%) 36 (18.18%)
 Stable pre-frail 1,167 (67.97%) 1,034 (68.07%) 133 (67.17%)
 Pre-frail to robust 318 (18.52%) 289 (19.03%) 29 (14.65%)

Table 1 Characteristics of participants between rapid eGFR decline group and non- rapid eGFR decline group
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Table 2 Association of changes in frailty status with rapid eGFR decline
Model 1 Model 2
Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Baseline robust group
 Stable robust reference reference
 Robust to pre-frail/frail 0.864(0.489,1.535) 0.615 0.854(0.464,1.579) 0.611
Baseline pre-frail group
 Pre-frail to frail reference reference
 Stable pre-frail 0.644(0.428,0.988) 0.039 0.608(0.396,0.953) 0.026
 Pre-frail to robust 0.500(0.287,0.865) 0.013 0.476(0.266,0.846) 0.012
Baseline frail group
 Stable frail reference reference
 Frail to robust/pre-frail 1.147(0.641,2.077) 0.647 1.349(0.733,2.526) 0.341
Model 1: additional adjusted for age, sex and body mass index

Model 2: additional adjusted for age, sex, body mass index, triglyceride, low-density lipoprotein, uric acid, blood urea nitrogen, eGFR, anemia and hypertension

Abbreviations: eGFR, estimated glomerular filtration rate

The bold values indicate p < 0.05

Table 3 Association of changes in frailty components status with rapid eGFR decline
Model 1 Model 2
Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Participants with the corresponding frailty component at baseline
Recovery of frailty component (stable status with the corresponding frailty component as reference)
 weakness 1.071(0.560,2.050) 0.835 1.090(0.551,2.162) 0.804
 slowness 1.011(0.688,1.464) 0.955 1.004(0.671,1.480) 0.983
 exhaustion 1.049(0.740,1.487) 0.789 1.026(0.717,1.468) 0.888
 inactivity 0.949(0.177,7.431) 0.954 1.330(0.140,18.286) 0.811
 shrinking 1.122(0.489,2.578) 0.786 0.974(0.398,2.373) 0.953
Participants without the corresponding frailty component at baseline
Progression of frailty component (stable status without the corresponding component as reference)
 weakness 1.540(1.073,2.177) 0.017 1.531(1.051,2.198) 0.023
 slowness 0.782(0.528,1.144) 0.211 0.743(0.493,1.105) 0.148
 exhaustion 1.296(0.895,1.855) 0.162 1.270(0.859,1.853) 0.222
 inactivity 1.007(0.521,1.805) 0.981 0.953(0.463,1.790) 0.887
 shrinking 1.818(0.949,3.268) 0.056 1.735(0.892,3.171) 0.087
Model 1: additional adjusted for age, sex and body mass index

Model 2: additional adjusted for age, sex, body mass index, triglyceride, low-density lipoprotein, uric acid, blood urea nitrogen, eGFR, anemia and hypertension

Abbreviations: eGFR, estimated glomerular filtration rate

The bold values indicate p < 0.05

Characteristics Overall Non-Rapid eGFR decline Rapid eGFR decline p value
(n = 2705) (n = 2389) (n = 316)

Baseline frail group (n (%)) 0.918
 Stable frail 186 (43.06%) 158 (42.82%) 28 (44.44%)
 Frail to robust/pre-frail 246 (56.94%) 211 (57.18%) 35 (55.56%)
Abbreviations: eGFR, estimated glomerular filtration rate.; LDL, low-density lipoprotein; HDL, high-density lipoprotein; hs-CRP, high- sensitivity C reactive protein; 
HBG, high blood glucose

The bold values indicate p < 0.05

Missing values for total study: BMI (n = 99; 3.66%), educational level (n = 2; 0.07%), drinking status (n = 1; 0.04%), low-density lipoprotein (n = 5;0.18%), HbA1c % 
(n = 19,0.70%),waist circumference (n = 94,3.48%),blood pressure (n = 107,3.96%), anemia (n = 50; 1.85%),hypertension (n = 15,0.55%),diabetes or HBG (n = 31; 1.15%), 
heart diseases (n = 23; 0.85%),stroke (n = 12;0.44%), cancer (n = 18; 0.67%), arthritis or rheumatism (n = 4; 0.15%)

Table 1 (continued) 
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the progression of frailty status was significantly associ-
ated with increased risks of rapid loss of kidney function 
compared to stable prefrail status or recovery of frailty 
status. The same trend was not found in baseline robust 
participants or baseline frail participants. Moreover, par-
ticipants who experienced incident weakness showed 
a significant relationship with increased risks of rapid 
decline in eGFR, regardless of being classified as frail 
overall. The incidence of other components of frailty or 
recovery of frailty components did not significantly affect 
the risk of rapid decline in eGFR.

A 3- year large cohort study showed that baseline frail 
status was associated with increased risks of rapid eGFR 
decline compared to robust status [10]. In our study, we 
observed consistent results for elevated risks of rapid 
eGFR decline among frail participants compared to 
robust participants. In a cohort with 358 participants, 
Shi et al. found that the value of eGFR decline was the 
highest in the frail group among all three baseline frailty 
groups (robust, prefrail, and frail). Although the magni-
tude of eGFR decline did not meet the criteria of rapid 
loss of kidney function adopted by our study [11]. The 
sample size of this study was much smaller than other 
studies. Our findings supported that baseline frail status 
is an independent risk factor for rapid decline in kidney 
function.

As far as we know, few studies have focused on the 
significance of the changes in frailty status or the status 
of its individual components on rapid eGFR decline. A 
clinical trial demonstrated that appropriate interven-
tion can improve frailty parameters [31]. Our study also 
confirmed that frailty is a dynamic status. More impor-
tantly, we found that among baseline prefrail partici-
pants, the progression of frailty status was significantly 
associated with an increased risk of rapid loss of kidney 
function compared to stable prefrail status or recovery of 
frailty status. This finding highlighted the adverse effects 
of frailty progression and the positive effect of frailty 
recovery on eGFR. In our study, the risks of rapid loss of 
kidney function did not increase among robust partici-
pants who progressed to prefrail/frail status and did not 
decrease in frail participants who recovered to prefrail/
robust status. In contrast, a previous study found that 
a rapid eGFR decline is associated with incident frailty 
(robust/prefrail to frail) in community-dwelling older 
adults [32]. We need to be cautious about the conclusion 
on the associations between the changes in frailty status 
and the rapid decline in eGFR among baseline robust and 
frail participants. Since the follow- up time was short, the 
effect of changes in frailty status might not have occurred 
in some populations. Longer follow- up is needed to elu-
cidate the associations between frailty status dynamics 
and the rapid loss of kidney function.

We found that participants who experienced incident 
weakness showed a significant increase in the risk of 
rapid eGFR decline. Decreased muscle strength may be 
associated with rapid loss of kidney function. Previous 
studies reported that weak muscle strength increases the 
risk of kidney function decline and rapid kidney func-
tion decline [33, 34]. However, the assessment of muscle 
strength came from baseline data. We focused on the 
associations between the incidence or recovery of low 
muscle strength and rapid eGFR decline, which received 
less attention in previous studies. Our study found that 
the progression of weakness increased the risk of rapid 
eGFR decline, but recovery of weakness did not decrease 
the risk of rapid eGFR decline. A randomized controlled 
exercise intervention indicated that appropriate training 
may be a promising strategy to promote muscle strength, 
and can prevent the decrease in eGFR [35]. It may help 
guide the management of eGFR decline in a community-
dwelling population. Regrettably, our study could not 
provide the accurate threshold value of muscle strength 
to define weakness. Although we did not find a relation-
ship between changes in other frailty components and 
rapid eGFR decline, some studies indicated that many 
components of the frailty phenotype were associated 
with kidney function [12, 13]. The effect of frailty on kid-
ney function is complex, thus, no definitive mechanisms 
can warrant our findings. Our study provides important 
preliminary data for future studies.

To the best of our knowledge, this is the first study to 
investigate the relationship between the changes in frailty 
status/frailty components status and rapid loss of kidney 
function. However, there were some limitations to our 
study. First, our study could not establish a cause-and-
effect relationship since blood samples were collected 
only at baseline and during the 2015 survey, which pre-
cluded the assessment of changes in frailty status before 
outcome evaluations. Further studies are needed to 
ascertain the causal association between the changes in 
frailty status and the rapid decline in kidney function. 
Second, although we adjusted for multiple confounders, 
residual confounding factors might remain unadjusted. 
Third, our definition of frailty was based on self-reported 
physical function rather than direct measurement of 
physical performance. Although it is convenient to 
implement, it may lead to potential bias. Fourth, we did 
not establish a model comprising all seven frailty change 
groups included in the study.

Conclusions
Our findings suggested that, among the prefrail popula-
tion, the progression of frailty may play an essential role 
in rapid eGFR decline. Preventing weakness, may benefit 
kidney function. The findings of this study may be helpful 
for preventing rapid eGFR decline.



Page 8 of 9Deng et al. BMC Nephrology          (2024) 25:306 

Abbreviations
GFR  Glomerular filtration rate
CKD  Chronic kidney disease
CHARLS  China Health and Retirement Longitudinal Study
eGFR  Estimated glomerular filtration rate
FP  Fried frailty phenotype
BMI  Body mass index
SBP  Systolic blood pressure
DBP  Diastolic blood pressure
MBP  Mean arterial pressure
VIFs  Variance inflation factors
eGFRcysC  The cystatin C-based eGFR equation
CI  Confidence interval
OR  Odds ratio
IQR  Interquartile range

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12882-024-03744-2.

Supplementary Material 1: Supplemental Table 1 Univariate logistic anal-
ysis of variables between eGFR rapid decline group and non- rapid eGFR 
decline group. Supplemental Table 2 Association of baseline frailty status 
with rapid eGFR decline. Supplemental Table 3 Association of changes in 
frailty status with rapid eGFR(eGFRCysC) decline.

Acknowledgements
We thank the China Center for Economic Research, the National School of 
Development of Peking University for providing the data.

Author contributions
YD, JHL and LLT contributed equally to this work. YD, JHL, LLT, SML, XHG, JHK 
and XL contributed to the research idea and analysis plan. YD, JHL and LLT 
contributed to study design and data collection. YD and JHL contributed data 
analysis. YD, JHL and LLT contributed to the manuscript preparation from 
drafting to revision. YD was a major contributor to the manuscript writing. YD, 
JHL, LLT, SML, XHG, JHK and XL were involved in supervision/mentorship. All 
authors read and approved the final manuscript.

Funding
This work was supported by the Natural Science Foundation of China (Grant 
No.81873631, 81370866, 81070612),the Guangzhou Science and technology 
planning project (Grant No.202002020047) and NSFC-Guangdong United 
Fund (Grant No. 2020B1515120037). The funder had no role in study design, 
data collection/analysis/interpretation or manuscript preparation.

Data availability
The datasets use in this study are publicly available at http:// charls. pku. edu. 
cn.

Declarations

Ethics approval and consent to participate
The CHARLS was approved by the Ethics Review Committee of Peking 
University(IRB00001052-11015),and informed consent was obtained from 
each subject in this cohorts. As this study was a secondary analysis of the 
data, review and approval was not required for this research by the authors’ 
institutional review board or ethics committee.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Nephrology, Third Affiliated Hospital of Sun Yat-Sen 
University, 600 Tianhe Road, Guangzhou 510635, Guangdong, China

2Department of Cardiology, Third Affiliated Hospital of Sun Yat-Sen 
University, Guangzhou, Guangdong, China
3Department of Rheumatology, Third Affiliated Hospital of Sun Yat-Sen 
University, Guangzhou, Guangdong, China

Received: 25 July 2024 / Accepted: 4 September 2024

References
1. Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP. Frailty: implica-

tions for clinical practice and public health. Lancet. 2019;394(10206):1365–75. 
https://doi.org/10.1016/S0140-6736(19)31786-6.

2. Fan J, Yu C, Guo Y, Bian Z, Sun Z, Yang L, et al. Frailty index and all-cause 
and cause-specific mortality in Chinese adults: a prospective cohort 
study. Lancet Public Health. 2020;5(12):e650–60. https://doi.org/10.1016/
S2468-2667(20)30113-4.

3. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly 
people. Lancet. 2013;381(9868):752–62. https://doi.org/10.1016/
S0140-6736(12)62167-9.

4. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in 
community-dwelling older persons: a systematic review. J Am Geriatr Soc. 
2012;60(8):1487–92. https://doi.org/10.1111/j.1532-5415.2012.04054.x.

5. Siriwardhana DD, Hardoon S, Rait G, Weerasinghe MC, Walters KR. Preva-
lence of frailty and prefrailty among community-dwelling older adults 
in low-income and middle-income countries: a systematic review and 
meta-analysis. BMJ open. 2018;8(3):e018195. https://doi.org/10.1136/
bmjopen-2017-018195.

6. O’Caoimh R, Sezgin D, O’Donovan MR, Molloy DW, Clegg A, Rockwood K, et 
al. Prevalence of frailty in 62 countries across the world: a systematic review 
and meta-analysis of population-level studies. Age Ageing. 2021;50(1). 
https://doi.org/10.1093/ageing/afaa219.

7. Mendonça N, Kingston A, Yadegarfar M, Hanson H, Duncan R, Jagger C, et al. 
Transitions between frailty states in the very old: the influence of socioeco-
nomic status and multi-morbidity in the Newcastle 85 + cohort study. Age 
Ageing. 2020;49(6):974–81. https://doi.org/10.1093/ageing/afaa054.

8. Chowdhury R, Peel NM, Krosch M, Hubbard RE. Frailty and chronic kidney 
disease: a systematic review. Arch Gerontol Geriatr. 2017;68:135–42. https://
doi.org/10.1016/j.archger.2016.10.007.

9. Zhang F, Wang H, Bai Y, Zhang Y, Huang L, Zhang H. Prevalence of physical 
frailty and impact on survival in patients with chronic kidney disease: a 
systematic review and meta-analysis. BMC Nephrol. 2023;24(1):258. https://
doi.org/10.1186/s12882-023-03303-1.

10. Wang M, Sun X, Zhang W, Zhang Q, Qian J, Chen W, et al. Frailty and the risk 
of kidney function decline in the elderly population: the Rugao Longevity 
and Ageing Study. Nephrology, dialysis, transplantation: official publication 
of the European Dialysis and Transplant Association -. Eur Ren Association. 
2021;36(12):2274–81. https://doi.org/10.1093/ndt/gfaa323.

11. Shi X, Wang S, Hu J, Chen F, Zhang H, Yang Y, et al. Relationship of Frailty 
with kidney function in adults more than 60-Years-Old: Effect of using 
different formulas to Estimate glomerular filtration rate. Clin Interv Aging. 
2023;18:999–1007. https://doi.org/10.2147/cia.S409140.

12. Delgado C, Grimes BA, Glidden DV, Shlipak M, Sarnak MJ, Johansen KL. 
Association of Frailty based on self-reported physical function with directly 
measured kidney function and mortality. BMC Nephrol. 2015;16:203. https://
doi.org/10.1186/s12882-015-0202-6.

13. Lee S, Lee S, Bae S, Harada K, Jung S, Imaoka M, et al. Relationship between 
chronic kidney disease without diabetes mellitus and components of 
frailty in community-dwelling Japanese older adults. Geriatr Gerontol Int. 
2018;18(2):286–92. https://doi.org/10.1111/ggi.13180.

14. Heerspink H, Nolan S, Carrero J-J, Arnold M, Pecoits-Filho R, García Sánchez 
JJ, et al. Clinical outcomes in patients with CKD and Rapid or non-rapid eGFR 
decline: a report from the DISCOVER CKD Retrospective Cohort. Adv Ther. 
2024;41(8):3264–77. https://doi.org/10.1007/s12325-024-02913-x.

15. Al-Aly Z, Zeringue A, Fu J, Rauchman MI, McDonald JR, El-Achkar TM, et al. 
Rate of kidney function decline associates with mortality. J Am Soc Nephrol. 
2010;21(11):1961–9. https://doi.org/10.1681/ASN.2009121210.

16. Rifkin DE, Shlipak MG, Katz R, Fried LF, Siscovick D, Chonchol M, et al. Rapid 
kidney function decline and mortality risk in older adults. Arch Intern Med. 
2008;168(20):2212–8. https://doi.org/10.1001/archinte.168.20.2212.

https://doi.org/10.1186/s12882-024-03744-2
https://doi.org/10.1186/s12882-024-03744-2
https://doi.org/10.1016/S0140-6736(19)31786-6
https://doi.org/10.1016/S2468-2667(20)30113-4
https://doi.org/10.1016/S2468-2667(20)30113-4
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.1136/bmjopen-2017-018195
https://doi.org/10.1136/bmjopen-2017-018195
https://doi.org/10.1093/ageing/afaa219
https://doi.org/10.1093/ageing/afaa054
https://doi.org/10.1016/j.archger.2016.10.007
https://doi.org/10.1016/j.archger.2016.10.007
https://doi.org/10.1186/s12882-023-03303-1
https://doi.org/10.1186/s12882-023-03303-1
https://doi.org/10.1093/ndt/gfaa323
https://doi.org/10.2147/cia.S409140
https://doi.org/10.1186/s12882-015-0202-6
https://doi.org/10.1186/s12882-015-0202-6
https://doi.org/10.1111/ggi.13180
https://doi.org/10.1007/s12325-024-02913-x
https://doi.org/10.1681/ASN.2009121210
https://doi.org/10.1001/archinte.168.20.2212


Page 9 of 9Deng et al. BMC Nephrology          (2024) 25:306 

17. Turin TC, Coresh J, Tonelli M, Stevens PE, de Jong PE, Farmer CKT, et al. 
Change in the estimated glomerular filtration rate over time and risk of 
all-cause mortality. Kidney Int. 2013;83(4):684–91. https://doi.org/10.1038/
ki.2012.443.

18. Kuo IC, Chu Y-C, Chen Y-H, Chan T-C. Association between rapid renal func-
tion deterioration and cancer mortality in the elderly: a retrospective cohort 
study. Cancer Med. 2023;12(8):10008–19. https://doi.org/10.1002/cam4.5735.

19. Travers J, Romero-Ortuno R, Langan J, MacNamara F, McCormack D, McDer-
mott C, et al. Building resilience and reversing frailty: a randomised controlled 
trial of a primary care intervention for older adults. Age Ageing. 2023;52(2). 
https://doi.org/10.1093/ageing/afad012.

20. Quach J, Theou O, Pérez-Zepeda MU, Godin J, Rockwood K, Kehler DS. 
Effect of a physical activity intervention and frailty on frailty trajectory and 
major mobility disability. J Am Geriatr Soc. 2022;70(10):2915–24. https://doi.
org/10.1111/jgs.17941.

21. Cameron ID, Fairhall N, Langron C, Lockwood K, Monaghan N, Aggar 
C, et al. A multifactorial interdisciplinary intervention reduces frailty 
in older people: randomized trial. BMC Med. 2013;11:65. https://doi.
org/10.1186/1741-7015-11-65.

22. Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort profile: the China Health and 
Retirement Longitudinal Study (CHARLS). Int J Epidemiol. 2014;43(1):61–8. 
https://doi.org/10.1093/ije/dys203.

23. Bu F, Deng XH, Zhan NN, Cheng H, Wang ZL, Tang L, et al. Development and 
validation of a risk prediction model for frailty in patients with diabetes. BMC 
Geriatr. 2023;23(1):172. https://doi.org/10.1186/s12877-023-03823-3.

24. Liu H, Yang X, Guo L-L, Li J-L, Xu G, Lei Y, et al. Frailty and Incident depressive 
symptoms during short- and long-term Follow-Up period in the Middle-
aged and Elderly: findings from the Chinese Nationwide Cohort Study. Front 
Psychiatry. 2022;13:848849. https://doi.org/10.3389/fpsyt.2022.848849.

25. Jin HY, Liu X, Xue QL, Chen S, Wu C. The Association between Frailty and 
Healthcare expenditure among Chinese older adults. J Am Med Dir Assoc. 
2020;21(6):780–5. https://doi.org/10.1016/j.jamda.2020.03.008.

26. Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T, et al. 
Estimating glomerular filtration rate from serum creatinine and cystatin C. N 
Engl J Med. 2012;367(1):20–9. https://doi.org/10.1056/NEJMoa1114248.

27. Ali I, Chinnadurai R, Ibrahim ST, Green D, Kalra PA. Predictive factors of rapid 
linear renal progression and mortality in patients with chronic kidney disease. 
BMC Nephrol. 2020;21(1):345. https://doi.org/10.1186/s12882-020-01982-8.

28. Go AS, Yang J, Tan TC, Cabrera CS, Stefansson BV, Greasley PJ, et al. Contem-
porary rates and predictors of fast progression of chronic kidney disease in 
adults with and without diabetes mellitus. BMC Nephrol. 2018;19(1):146. 
https://doi.org/10.1186/s12882-018-0942-1.

29. Melsom T, Norvik JV, Enoksen IT, Stefansson V, Mathisen UD, Fuskevåg OM, et 
al. Sex differences in Age-related loss of kidney function. J Am Soc Nephrol. 
2022;33(10):1891–902. https://doi.org/10.1681/ASN.2022030323.

30. Duan Y, Wang X, Zhang J, Ye P, Cao R, Yang X, et al. Body mass index is an 
independent predictive factor for kidney function evaluated by glomeru-
lar filtration rate in a community-dwelling population. Eat Weight Disord. 
2019;24(4):731–8. https://doi.org/10.1007/s40519-017-0434-5.

31. Lorenz EC, Hickson LJ, Hogan MC, Kennedy CC. Examining the safety and 
effectiveness of a 4-week supervised exercise intervention in the treat-
ment of frailty in patients with chronic kidney disease. Clin Kidney J. 
2023;16(11):2003–10. https://doi.org/10.1093/ckj/sfad192.

32. Guerville F, de Souto Barreto P, Taton B, Bourdel-Marchasson I, Rolland Y, Vellas 
B. Estimated glomerular filtration rate decline and Incident Frailty in older 
adults. Clin J Am Soc Nephrology: CJASN. 2019;14(11):1597–604. https://doi.
org/10.2215/cjn.03750319.

33. Zheng X, Ren X, Jiang M, Han L, Zhong C. Association of Sarcopenia with 
rapid kidney function decline and chronic kidney disease in adults with 
normal kidney function. Br J Nutr. 2024;131(5):821–8. https://doi.org/10.1017/
s0007114523002313.

34. Nakano Y, Mandai S, Naito S, Fujiki T, Mori Y, Ando F, et al. Effect of osteo-
sarcopenia on longitudinal mortality risk and chronic kidney disease 
progression in older adults. Bone. 2024;179:116975. https://doi.org/10.1016/j.
bone.2023.116975.

35. Corrêa HL, Neves RVP, Deus LA, Maia BCH, Maya AT, Tzanno-Martins C, et 
al. Low-load resistance training with blood flow restriction prevent renal 
function decline: the role of the redox balance, angiotensin 1–7 and 
vasopressin(). Physiol Behav. 2021;230:113295. https://doi.org/10.1016/j.
physbeh.2020.113295.

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

https://doi.org/10.1038/ki.2012.443
https://doi.org/10.1038/ki.2012.443
https://doi.org/10.1002/cam4.5735
https://doi.org/10.1093/ageing/afad012
https://doi.org/10.1111/jgs.17941
https://doi.org/10.1111/jgs.17941
https://doi.org/10.1186/1741-7015-11-65
https://doi.org/10.1186/1741-7015-11-65
https://doi.org/10.1093/ije/dys203
https://doi.org/10.1186/s12877-023-03823-3
https://doi.org/10.3389/fpsyt.2022.848849
https://doi.org/10.1016/j.jamda.2020.03.008
https://doi.org/10.1056/NEJMoa1114248
https://doi.org/10.1186/s12882-020-01982-8
https://doi.org/10.1186/s12882-018-0942-1
https://doi.org/10.1681/ASN.2022030323
https://doi.org/10.1007/s40519-017-0434-5
https://doi.org/10.1093/ckj/sfad192
https://doi.org/10.2215/cjn.03750319
https://doi.org/10.2215/cjn.03750319
https://doi.org/10.1017/s0007114523002313
https://doi.org/10.1017/s0007114523002313
https://doi.org/10.1016/j.bone.2023.116975
https://doi.org/10.1016/j.bone.2023.116975
https://doi.org/10.1016/j.physbeh.2020.113295
https://doi.org/10.1016/j.physbeh.2020.113295

	Association between changes of frailty status/frailty components status and rapid loss of kidney function in middle- aged and older populations
	Abstract
	Introduction
	Methods
	Study population
	Assessment of frailty status
	Kidney outcome
	Co-variable assessment
	Statistical analysis

	Results
	Characteristics of the study population
	Association of baseline frailty status with rapid eGFR decline
	Association of changes in frailty status with rapid decline in eGFR
	Association of changes in frailty components status with rapid eGFR decline

	Discussion
	Conclusions
	References


