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ABSTRACT

Background. General and abdominal obesity are prevalent, with established associations to frailty in the elderly.
However, few studies have investigated these associations in patients with chronic kidney disease (CKD), yielding
inconsistent results.

Methods. This cross-sectional study analysed data from the National Health and Nutrition Examination Survey
(NHANES 2003-2018). Frailty was evaluated by the 36-item frailty index. General obesity was defined as a body mass
index (BMI) >30 kg/m?; abdominal obesity was identified if waist circumference (WC) reached 102 cm in men and 88 cm
in women. The associations of general and abdominal obesity with frailty were analysed using weighted multivariate
logistic regression and restricted cubic splines. The interaction of general and abdominal obesity with frailty was
examined.

Received: 5.2.2024; Editorial decision: 27.3.2024

© The Author(s) 2024. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution,
and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1

CLiNicAL KIDNEY JOURNAL


https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfae142
https://orcid.org/0000-0001-7153-9159
https://orcid.org/0000-0002-4458-8358
https://orcid.org/0000-0002-7348-8903
https://orcid.org/0000-0001-5073-9848
mailto:guobin.su@ki.se
mailto:guobin.su@gzucm.edu.cn
mailto:lufuhua@gzucm.edu.cn
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

2 | C.Yangetal.

Results. A total of 5604 adult patients (median age 71 years, 42% men) with CKD were included in this analysis, with a
median estimated glomerular filtration rate of 57.3 ml/min/1.73 m?. A total of 21% were frail with general obesity and
32% were frail with abdominal obesity. Neither general nor abdominal obesity alone was associated with frailty. There
was an interaction between general and abdominal obesity with frailty. Compared with individuals with normal BMI and
WG, those with both general and abdominal obesity, rather than either alone, exhibited significantly increased odds of
frailty {odds ratio [OR] 1.53 [95% confidence interval (CI) 1.20-1.95]}. General obesity was associated with being frail only
when CKD patients had abdominal obesity [OR 1.59 (95% CI 1.08-2.36)].

Conclusions. There may be an interaction between general and abdominal obesity with frailty in patients with CKD.
Interventions aimed at preventing frailty should consider both aspects.

GRAPHICAL ABSTRACT
N Interaction of general obesity and abdominal obesity
E:('},";Z‘y’l with frailty in patients with chronic kidney disease:

UC a nationally representative analysis

General and abdominal obesity are prevalent, with established links to frailty among the elderly.
Whether these associations hold true for patients with chronic kidney disease remains unknown.
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obesity with frailty in patients with CKD. Interventions aimed at preventing
frailty should consider both aspects.
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KEY LEARNING POINTS

What was known:

e Both general obesity, characterized by high body mass index (BMI), and abdominal obesity, characterized by increased waist
circumference (WC), were associated with increased risk of frailty in the general elderly population.

e Few studies have explored the relationship between general and abdominal obesity with frailty in patients with chronic
kidney disease (CKD), yielding inconsistent outcomes.

This study adds:
e Compared with individuals with normal BMI and WC, those with both general and abdominal obesity, rather than either

alone, exhibited significantly increased odds of frailty in patients with CKD.
e There may be an interaction between general and abdominal obesity with frailty in patients with CKD.

Potential impact:

¢ The study emphasizes the need for a holistic approach in assessing frailty-related risks and tailoring interventions, high-
lighting the potential additional benefit of weight loss in patients with CKD, especially for those with both general and
abdominal obesity.
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INTRODUCTION

Chronic kidney disease (CKD) has become a major public health
problem, affecting >9.1% of adults globally [1, 2]. Frailty is char-
acterized by increased vulnerability to stressors due to a decline
in physiological reserves and functioning across multiple organ
systems [3]. It affects more than one-third of CKD patients [4, 5]
and is associated with a spectrum of adverse outcomes, includ-
ing all-cause mortality [6], cardiovascular events and mortality
[7-9] and health-related quality of life [10] in patients with CKD.
Obesity, a multifactorial disease in >1.9 billion adults worldwide
[11], also poses significant health risks, including cardiovascular
disease, type 2 diabetes and hypertension [12]. Among CKD pa-
tients, more than two-thirds are either overweight or obese [13].
Given the considerable overlapping prevalence and adverse out-
comes of frailty and obesity among patients with CKD, exploring
this relationship assumes critical importance.

Previous studies have indicated that both general obesity,
characterized by high body mass index (BMI), and abdominal
obesity, characterized by increased waist circumference (WC),
are associated with an increased risk of frailty in the elderly pop-
ulation [14]. However, this association remains less clear in the
context of CKD, with inconsistent results [5, 15]. Unlike the gen-
eral population, CKD introduces a distinctive set of challenges in
these associations, marked by altered metabolic states, dietary
restrictions and nutritional imbalances [16, 17]. Considering that
BMI fails to distinguish between lean muscle mass and fat mass,
obesity defined solely by BMI may not fully capture the nuanced
relationship between obesity and frailty [18]. Moreover, patients
with end-stage kidney disease or undergoing dialysis who have
excess adiposity but also experience sarcopenia, a phenomenon
known as sarcopenic obesity, are very unlikely to be classified as
obese by BMI alone [19]. This further underscores CKD patients
as a unique population to explore the interaction of different
types of obesity with frailty. Abdominal obesity, a reliable and
prevalent marker of excess visceral fat [20], may elucidate a por-
tion of the intricacy inherent in this relationship [21]. Neverthe-
less, it is unclear to what extent the interaction of general and
abdominal obesity with frailty plays a role in this population.

Therefore, the aims of this study were to examine the as-
sociations of general and abdominal obesity with frailty and to
evaluate the interactive effects of general and abdominal obesity
on frailty risk in CKD patients using a nationally representative
population from the USA. We hypothesized that there was an
interaction between general and abdominal obesity with frailty
in patients with CKD.

MATERIALS AND METHODS
Study design and population

This observational study analysed data from the National
Health and Nutrition Examination Survey (NHANES; 2003-2018).
NHANES is a complex, multistage and probabilistic sampling
design survey conducted annually and released biannually by
the National Center for Health Statistics (NCHS) [22]. More de-
tails about NHANES survey procedures are available at https:/
www.cdc.gov/nchs/index.htm. The NHANES protocol was ap-
proved by the NCHS ethics review board and written informed
consent was obtained from all participants. The current study
followed the Strengthening the Reporting of Observational Stud-
ies in Epidemiology reporting guideline [23].

We included individuals >20 years of age and diagnosed as
CKD [defined as an estimated glomerular filtration rate (eGFR)
<60 ml/min/1.73 m? and/or a urinary albumin:creatinine ratio
(UACR) >30 mg/g] [24, 25]. We excluded participants with an
eGFR <15 ml/min/1.73 m?, corresponding to stage 5 CKD, due
to the small sample size and the inability to determine if these
persons were on maintenance dialysis or not; incomplete data
to evaluate frailty [with at least 80% of the data on each frailty in-
dex (FI)]; and BMI <18.5 kg/m?, due to the very small sample size.
eGFR was determined by the 2021 Chronic Kidney Disease Epi-
demiology Collaboration (CKD-EPI) equation [26]. We used the
NHANES recommended calibrations for serum creatinine cor-
rection across time periods if needed. We classified CKD stages
using the cut-offs of eGFR recommended by the Kidney Disease:
Improving Global Outcomes initiative (Supplementary Table S1)
[27].

Data collection
Outcome of interest

Frailty was evaluated at baseline based on a widely adapted,
validated 36-item FI from previous NHANES studies, including
cognition, dependence, comorbidities, hospital utilization, gen-
eral health and laboratory data (Supplementary Table S2) [28-30].
The FI score was calculated by the number of deficits present di-
vided by the total deficits considered [31]. Intermediate values
were chosen for variables with ordinal, intermediate responses
(e.g. ‘No difficulty with task’, 0; ‘Some difficulty’, 0.33; ‘Much dif-
ficulty’, 0.67; ‘Unable to do’, 1). FI scores range from O to 1, where
a score of O represents full health and a higher score indicates
a higher level of frailty. Frailty status was defined as an FI value
>0.25 [32].

General obesity and abdominal obesity

Weight, height and WC were measured by well-trained study
personnel at baseline. BMI levels were calculated accord-
ingly and categorized into six groups: 18.5-24.9 kg/m? (normal
weight), 25.0-29.9 kg/m? (overweight), >30.0 kg/m? (obesity),
30.0-34.9 kg/m? (obese grade 1), 35.0-39.9 kg/m? (obese grade 2)
and >40.0 kg/m? (obese grade 3) [33]. General obesity was de-
fined as BMI >30 kg/m?. Abdominal obesity was classified as an
absolute WC of >102 cm in men and >88 cm in women [34].

Covariates

Predefined potential covariates including demographic details
(age, sex, race/ethnicity, education level, marital status, working
status, alcohol intake and smoking status) and self-reported his-
tories of comorbid conditions (hypertension, diabetes, coronary
heart disease and cancer) were obtained via standardized ques-
tionnaires at baseline; laboratory tests (eGFR, UACR, total cal-
cium, serum phosphorus, serum potassium, serum sodium, to-
tal cholesterol, triglycerides, serum iron, white blood cell counts
and platelet counts) were also measured at baseline. Detailed
information on the assessment of variables and their categories
can be found in Supplementary Table S1.

Statistical analysis

Participant characteristics stratified by frailty degree were pre-
sented as mean + standard deviation (SD) or median and
interquartile range (IQR) for continuous variables or as number
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and percentage for categorical variables. All values were
weighted using the sampling weights provided by NHANES for
the general US population-based estimates. To avoid potential
bias, multiple imputations by chained equations were applied
for missing data regarding covariates [35]. Twenty imputations
per missing observation were performed.

The prevalence of frailty was defined as the number of
CKD patients with frailty as the numerator and total study
population as the denominator, multiplied by 100 to express
it as a percentage. The associations of general obesity and
abdominal obesity with frailty were analysed using weighted
multivariate logistic regression and results are presented as
the odds ratio (OR) and 95% confidence interval (CI). All models
were adjusted for available potential covariates, which were
identified based on prior research. Model 1 was adjusted for
age, sex, race/ethnicity, education level, marital status, working
status, alcohol intake and smoking status. Model 2 was fur-
ther adjusted for eGFR, UACR, total calcium, serum phosphorus,
serum potassium, serum sodium, total cholesterol, triglycerides,
serum iron, white blood cell count and platelet count and the
presence of hypertension, diabetes, coronary heart disease and
cancer. Model 3 was further adjusted for BMI or WC.

For continuous measures (i.e. BMI and WC), their non-linear
associations with frailty were tested using restricted cubic
splines (RCS) with four knots set at the 5th, 35th, 65th and 95th
percentiles to facilitate comparison against the models with lin-
ear terms. Stratified analyses of associations with frailty were
also done within prespecified variables, including age (<65 ver-
sus >65 years), sex, CKD stage (1-2 versus 3-4), presence/absence
of diabetes and general obesity or abdominal obesity. The in-
teractive effects of BMI and WC on frailty were examined using
an interaction term in weighted multivariate logistic regression
analyses. We further explored the new cut-off values for BMI and
WC in relation to frailty in patients with CKD if the RCS results
indicated a linear relationship between frailty and BMI or WC. A
two-sided P-value <.05 was considered statistically significant.
All statistical analyses were conducted using R version 4.1.1 (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

In total, 80 312 participants were extracted from the NHANES
database spanning the years 2003-2018. The present analysis
ultimately narrowed down the sample to 5604 adult patients
with stage 1-4 CKD (Fig. 1). The weighted sample corresponded
to 20 811 646 individuals among the general US population, of
whom 8 121 494 (40.7%) were deemed to be frail. The median
age of participants was 71 years and 42% were men. Nearly
three of four individuals were elderly (Supplementary Fig. S1).
The median eGFR was 57.3 ml/min/1.73 m?, with proportions
of 15.3%, 23.8%, 56.1% and 4.7% for CKD stages 1-4, respec-
tively. A total of 21% were frail with general obesity and 32%
were frail with abdominal obesity (Fig. 2). Overall, the prevalence
of frailty tended to increase with age, whereas the prevalence
of general and abdominal obesity tended to decrease with age

(Supplementary Fig. S2).
Compared with people without frailty, frail participants ex-

hibited a greater likelihood of advanced age, female sex, lower
education level, unemployment, smoking, higher BMI and WC
and comorbid conditions (Table 1).

General obesity and frailty

Model 1 showed that BMI was associated with an increased risk
of frailty (Table 2). This association remained significant in the

NHANES (2003-2018)
(n=80,312)

Excluded:
« Participants aged
< 20 years old (n=35,522)

Participants aged = 20 years old
(n=44,790)

Excluded:

* Missing data for diagnosis
CKD (n=4594)

» Without CKD (n=32,690)

» CKD stage 5 (n=126)

Diagnosed as CKD stage 1-4
(n=7,380)

Excluded:

» Missing data for diagnosis
frailty (n=1676)

* BMI below 18.5 kg/m? (n=100)

Finally included
(n=5,604)
Abbreviations: BMI: body mass index, CKD: chronic kidney disease

Figure 1: Flow chart of participants selection.

Frailty
N=2,281
(40.7%)

N=1,175
(21.0%)

N=1,782
- (31.8%)

General obesity
N=2,425
(43.3%)

Abdominal obesity
N=4,009
(71.5%)

N=2,398
(42.8%)

Figure 2: The distribution and overlap of frailty, general obesity and abdominal
obesity in CKD patients.

further adjusted model 2 [OR 1.04 (95% CI 1.03-1.06), P < .001].
Upon regarding BMI as a categorical variable, a discernment
emerged, wherein the presence of obesity, categorized as grade
2 and grade 3, was associated with a 1.6- and 2.4-fold higher risk
of frailty, respectively, in model 2 compared with normal body
weight (Table 2). Interestingly, all these associations ceased to
maintain statistical significance after the inclusion of WC as an
additional covariate adjustment in model 3. By employing RCS
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Table 1: Baseline characteristics of weighted sample by frail and non-frail groups

Characteristics Total (N = 5604) Non-frail (n = 3323) Frail (n = 2281) P-value?®
Age (years), median (IQR) 71 (62-80) 70 (62-78) 73 (64-80) <.001
Male, n (%) 2747 (42) 1719 (44) 1028 (39) 014
Race/ethnicity, n (%) .5

Mexican American 646 (4.7) 397 (4.6) 249 (4.8)

Non-Hispanic Black 1369 (13) 829 (12) 540 (14)

Non-Hispanic White 2900 (74) 1681 (74) 1219 (73)

Other Hispanic 340 (3.2) 202 (3.2) 138 (3.2)

Other race 349 (5.4) 214 (5.5) 135 (5.3)
Education level, n (%) <.001

Less than high school 1972 (25) 1068 (21) 904 (31)

High school grad/GED or equivalent 1372 (27) 823 (27) 549 (27)

Some college or AA degree 1398 (28) 825 (28) 573 (28)

College graduate or above 862 (19) 607 (24) 255 (13)
Marital status, n (%) <.001

Never married 383 (6.1) 239 (6.6) 144 (5.3)

Married 2893 (56) 1826 (58) 1067 (51)

Separated 2328 (38) 1258 (35) 1070 (44)
Employed, n (%) 998 (21) 824 (28) 174 (11) <.001
Alcohol drinker, n (%) 3222 (59) 2010 (63) 1212 (53) <.001
Smoking status, n (%) <.001

Never smoker 2579 (47) 1632 (50) 947 (42)

Former smoker 2147 (38) 1169 (35) 978 (42)

Current smoker 878 (15) 522 (15) 356 (16)
BMI (kg/m?), median (IQR) 28.9 (25.2-33.7) 28.1 (24.8-32.3) 30.3 (26.0-35.9) <.001
WC (cm), median (IQR) 103.5 (93.5-114.5) 101.3 (92.1-111.3) 106.7 (96.0-119.6) <.001
Hypertension, n (%) 3992 (70) 2023 (59) 1969 (87) <.001
Diabetes mellitus, n (%) 1936 (31) 766 (19) 1170 (49) <.001
Coronary heart disease, n (%) 773 (14) 218 (6.5) 555 (26) <.001
Cancer, n (%) 1158 (23) 527 (18) 631 (30) <.001
eGFR (ml/min/1.73 m?), median (IQR) 57.3 (48.3-78.9) 58.3 (51.3-82.4) 55.0 (43.6-73.0) <.001
UACR (mg/g), median (IQR) 35.7 (9.6-88.2) 33.6 (8.8-67.8) 42.3(11.6-127.0) <.001
aContinuous variables were analysed using the Kruskal-Wallis test and categorical variables were analysed using the x? test.
Table 2: Association of general and abdominal obesity with frailty in CKD patients

Model 1 Model 2 Model 3

Variables Participants, n Cases, n OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
BMI (kg/m?) 5604 2281 1.06 (1.05-1.08) <.001 1.04 (1.03-1.06) <.001 1.00 (0.97-1.04) .8
Classification?®
Overweight 1827 654 1.07 (0.90-1.28) .45 1.01 (0.81-1.26) 91 0.79 (0.61-1.03) .03
Obesity 2425 1175 2.05 (1.72-2.45) <001  1.49(1.19-1.88) <001  0.77 (0.57-1.05) .09
Obese grade 1 1346 580 1.56 (1.28-1.89) <.001 1.26 (0.97-1.63) .09 0.80 (0.57-1.12) .19
Obese grade 2 611 319 2.47 (1.85-3.30) <.001 1.64 (1.23-2.19) <.001 0.85 (0.54-1.35) .49
Obese grade 3 468 276 3.65(2.64-5.06)  <.001 240 (1.66-3.45  <.001  0.93(0.48-1.80) 83
wC (Cm)b 5604 2281 1.16 (1.13-1.19) <.001 1.10 (1.07-1.13) <.001 1.09 (1.02-1.17) .01
Abdominal obesity® 4009 1782 1.64 (1.38-1.95)  <.001  1.29 (1.05-1.59) .02 0.92 (0.74-1.14) 4

Model 1 adjusted for age, sex, race/ethnicity, education level, marital status, working status, alcohol intake and smoking status. Model 2 adjusted for model 1 plus
eGFR, UACR, total calcium, serum phosphorus, serum potassium, serum sodium, total cholesterol, triglycerides, serum iron, white blood cell count and platelet count,
hypertension, diabetes, coronary heart disease and cancer. Model 3 adjusted for Model 2 plus waist circumference or BMI.

2Normal body weight (Reference). BMI levels were categorized as 18.5-24.9 kg/m? (normal weight), 25.0-29.9 kg/m? (overweight), >30.0 kg/m? (obesity), 30.0-34.9 kg/m?

(obese grade 1), 35.0-39.9 kg/m? (obese grade 2) and >40.0 kg/m? (obese grade 3).
PEvery 5 cm increase in WC.

¢No abdominal obesity (Reference). Abdominal obesity was classified as a WC >102 cm in men and >88 cm in women.

curves, a J-shaped relationship between BMI and frailty was ob-
served (Fig. 3).

Further subgroup analysis based on the presence of abdom-
inal obesity, as defined by WC, revealed that general obesity,
general obesity grade 2 and general obesity grade 3 were inde-
pendently associated with a 1.6-, 1.8- and 2.6-fold higher risk of
being frail, respectively, in the abdominal obesity group (Fig. 4).

In contrast, no significant relationships between general obesity
and frailty were observed among those without abdominal
obesity across all multivariate regression models. Additional
stratified analyses by age, gender, CKD stage and diabetes
similarly failed to reveal associations between general obesity
and frailty, except for the relationship observed in the diabetes
group (Supplementary Fig. S3).


https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae142#supplementary-data

6 | C.Yangetal

i

P for overall <.0001

P for overall <.0001 P for nonlinearity =.2783

P for nonlinearity =.0071

¥

Y

OR (95% Cl)
OR (95% CI)

h

P for overall <2068
P for nonlinearity =.1297

OR (95% CI)

20 30 50 60 20 30

40
Body mass index

Yo

AC
Body mass index

50 80 2 60

40 50
Body mass index

o

Model 1 adjusted for age, sex, race/ethnicity, education level, marital status, working status, alcohol intake, and smoking status.
Model 2 adjusted for Model 1 plus eGFR, UACR, total calcium, serum phosphorus, serum potassium, serum sodium, total
cholesterol, triglyceride, serum iron, white blood cell counts and platelet counts, hypertension, diabetes, coronary heart disease

and cancer.
Model 3 adjusted for Model 2 plus waist circumference.
Abbreviations: OR: odds ratio; 95% Cl: 95% confidence interval.

Figure 3: RCS plot of the relationship between BMI and frailty in CKD patients.

Variables
BMI (kg/m2) &
Categorical BMI
Overweight —o—
Obesity ———
Obese grade 1 H——
Obese grade 2 ——
Obese grade 3 ' 2
05 15 25 35

OR(95%Cl) P value
1.05 (1.03,1.06) <0.001
0.039
1.11(0.73,1.69) 0.62
1.59(1.08,2.36) 0.02
1.35(0.89,2.03) 0.15
1.76 (1.15,2.71)  0.01
2.55(1.56,4.20) <0.001

Adjusted for Model 2: age, sex, race/ethnicity, education level, marital status, employment status, alcohol intake, smoking status,
eGFR, UACR, total calcium, serum phosphorus, serum potassium, serum sodium, total cholesterol, triglyceride, serum iron, white
blood cell counts, platelet counts, hypertension, diabetes, coronary heart disease, and cancer.

Reference: normal weight. BMI levels were categorized as: 18.5-24.9 kg/m? (normal weight), 25.0-29.9 kg/m? (overweight), 230.0
kg/m2 (obesity), 30.0-34.9 kg/m? (obese grade 1), 35.0-39.9 kg/m? (obese grade 2) and 240.0 kg/m? (obese grade 3).
Abbreviations: BMI: body mass index, OR: odds ratio; 95% Cl: 95% confidence interval.

Abdominal obesity was classified as absolute waist circumference of 102 cm or above in men and 88 cm or above in women.

Figure 4: Forest plot of association of general obesity with frailty in 4009 patients with CKD and coexisting abdominal obesity.

Abdominal obesity and frailty

Likewise, abdominal obesity, as defined by an increased WC cut-
off in different genders from the general population, does not
appear to be associated with frailty in the fully adjusted model
(Table 2). Additional stratified analyses by age, gender, CKD stage
and diabetes status also did not reveal associations between ab-
dominal obesity and frailty (Supplementary Fig. S4).

Treating WC as a continuous variable, a considerable associ-
ation of WC (for every 5-cm increase) with frailty was observed
even after adjusting for BMI in fully adjusted model 3 [OR 1.09
(95% CI1.02-1.17), P = .01] (Table 2). By employing RCS modelling,
we observed an approximately linear relationship between WC
and frailty (Fig. 5). Further subgroup analysis based on gender

identified threshold values for WC to prevent frailty at 122 cm
for males and 103 cm for females.

Interaction of obesity and abdominal obesity on frailty

Compared with persons with normal BMI and WC, those with
both general and abdominal obesity demonstrated a signifi-
cant association with increased odds of frailty [OR 1.53 (95%
CI 1.20-1.95), P < .001]. However, patients with either obesity
alone or abdominal obesity alone did not have a significant dif-
ference in frailty risk (Table 3). The interaction of BMI and ab-
dominal obesity on the FI score is presented in Supplementary
Fig. S5.
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Model 1 adjusted for age, sex, race/ethnicity, education level, marital status, working status, alcohol intake, and smoking status.
Model 2 adjusted for Model 1 plus eGFR, UACR, total calcium, serum phosphorus, serum potassium, serum sodium, total
cholesterol, triglyceride, serum iron, white blood cell counts and platelet counts, hypertension, diabetes, coronary heart disease

and cancer.
Model 3 adjusted for Model 2 plus body mass index.
Abbreviations: OR: odds ratio; 95% Cl: 95% confidence interval.

Figure 5: RCS plot of the association between WC and frailty in CKD patients.

Table 3: Interactive effects of general and abdominal obesity on frailty risk in CKD patients

Abdominal obesity absent, OR (95% CI)

Abdominal obesity present?, OR (95% CI)

General obesity absent
General obesity present®

1 (Reference)(n = 1568)
0.95 (0.42-2.15)(n = 27)

1.05 (0.84-1.31)(n = 1611)
1.53 (1.20-1.95)(n = 2398)

Adjusted for age, sex, race/ethnicity, education level, marital status, employment status, alcohol intake, smoking status, eGFR, UACR, total calcium, serum phosphorus,
serum potassium, serum sodium, total cholesterol, triglycerides, serum iron, white blood cell count, platelet count, hypertension, diabetes, coronary heart disease and

cancer.

2Abdominal obesity was classified as a WC of >102 cm in men and >88 cm in women.

bGeneral obesity was defined as BMI >30 kg/m?.

DISCUSSION

In this nationally representative analysis involving 5604 pa-
tients with CKD, we identified an interactive effect between gen-
eral and abdominal obesity on frailty. Neither general obesity
nor abdominal obesity in isolation demonstrated an association
with frailty. These findings offer valuable insights into the com-
plex relationship between obesity and frailty in patients with
CKD. The considerable prevalence of frailty and its potential
link to adverse outcomes underscore the significance of under-
standing the factors contributing to frailty within this specific
population.

The observed association of general obesity, assessed by
BMI, and abdominal obesity, as measured by WC, with frailty
in patients with CKD does not align with the findings in a
prior systematic review that focused on the elderly population,
despite nearly three-fourths of the participants in the current
study comprised older people [14]. This discrepancy may be
attributed to several factors. Previous studies exploring the rela-
tionship between obesity and frailty predominantly focused on
older people in the general population and seldom investigated
patients with CKD. CKD introduces a range of disease-specific
characteristics that distinguish this population from the gen-
eral elderly. Second, CKD is characterized by altered metabolic
states, involving disturbances in glucose and lipid metabolism,

leading to insulin resistance [36-38]. Insulin resistance not only
affects energy metabolism, but also may mediate the impact
of obesity on frailty by influencing nutrient availability for
muscle function [39, 40]. Moreover, hormonal dysregulation,
including alterations in insulin-like growth factor-1 and
adipokines, also underscores the intricate interplay between
CKD-induced metabolic alterations, obesity and frailty [36].
Third, individuals with CKD commonly encounter dietary re-
strictions and nutritional imbalances, often related to managing
electrolyte and fluid balance, which can affect nutritional status
and muscle mass, thereby affecting the relationship between
obesity and frailty [16, 17]. Finally, CKD is often accompanied by
a higher burden of comorbid conditions, such as hypertension,
diabetes and cardiovascular disease, which can also contribute
to frailty and may interact with obesity in unique ways [41].
These findings lend support to the possibility that existing
evidence from the general population cannot be extrapolated
to patients with CKD. Furthermore, a recent systematic re-
view that enrolled a total of 3294 patients with CKD identified
an association between BMI and a reduced risk of frailty [5].
However, the multivariate models employed in the majority of
studies included in this systematic review failed to concurrently
account for both BMI and WC. This oversight tends to isolate the
effects of each obesity metric without accounting for potential
interactions.
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The current study found that there was an interaction be-
tween general and abdominal obesity and frailty in patients with
CKD, aligning with findings from a prior study that highlighted
the association of the interplay between BMI and WC with
prognosis in the same population [42]. Additionally, a previous
multicentre longitudinal study that found frailty was associated
with increased mortality risk specifically among CKD patients
with general or abdominal obesity, rather than those without,
also indirectly supports our research findings [43]. This associa-
tion can be explained for the following reasons. On the one hand,
the coexistence of general and abdominal obesity may have a
synergistic impact on muscle function in CKD patients. General
obesity, defined solely by BMI, may not comprehensively reflect
the relationship between obesity and frailty, as BMI does not dis-
tinguish between lean muscle mass and fat mass [18]. General
obesity, characterized by excessive overall body fat, and abdom-
inal obesity, with a focus on visceral fat, could collectively con-
tribute to greater strain on skeletal muscles [44]. Additionally,
in CKD, where there is already a propensity for muscle wasting
and weakness, the additive effects of obesity may further reduce
muscle strength and functionality, which is generally considered
as a core component of frailty [45]. On the other hand, obesity,
particularly abdominal obesity, is linked to chronic inflamma-
tion, as adipose tissue in the abdominal region tends to release
more inflammatory cytokines [46]. In CKD, inflammation is a sig-
nificant contributor to disease progression and complications
[1]. The conjunction of general and abdominal obesity may ex-
acerbate inflammatory responses, creating a pro-inflammatory
environment that further contributes to frailty. Prior research
primarily investigated the relationship between either BMI or
WC alone and frailty, with limited exploration of the interaction
between the two, and mainly focused on elderly people. The cur-
rent study addresses these gaps by explicitly examining the in-
teraction between general and abdominal obesity and frailty in
patients with CKD. This finding may contribute to the develop-
ment of more personalized management approaches for CKD,
particularly for individuals with general or abdominal obesity,
and enhance our understanding of the mechanisms underlying
the association between obesity and frailty.

Frailty has been confirmed to be associated with several ad-
verse outcomes, including all-cause mortality, cardiovascular
events and hospitalization in patients with CKD [6, 7]. Thus,
studies aiming to investigate possible modifiable risk factors for
frailty are of great significance in this population. However, al-
though the National Institutes of Health employed threshold
values of WC (>88cm in female and >102cm in male) for ab-
dominal obesity in the general population, it is crucial to estab-
lish an appropriate WC range for people with lifestyle-related
diseases, such as coronary heart disease and CKD [34]. This
study observed an approximately linear relationship between
WC and frailty, suggesting threshold values of WC to be asso-
ciated with frailty in CKD patients are 103 cm for females and
122 cm for males. This implies that the WC range to be associ-
ated with frailty in this population may be considerably higher
(by +17% for women and +20% for men) than that for the general
population. This, in turn, may explain the difference in the re-
lationship between abdominal obesity and frailty observed in
this study compared with the general population. Furthermore,
we also found a significant association between BMI and frailty
in subgroup analyses based on the presence of abdominal obe-
sity. This also implies that there may be an interaction between
general and abdominal obesity and frailty in patients with CKD.
Therefore, further studies aiming to explore the relationship be-
tween obesity and frailty in patients with CKD should account

for the impact of both BMI and WC. If BMI is unavailable, new
cut-offs of WC for abdominal obesity should be considered.

Our study has several strengths. To the best of our knowl-
edge, this is the first study to explore the association between
obesity and risk of frailty defined by a well-established scale in
patients with non-dialysis CKD through a multidimensional as-
sessment of WC and BMI using a large representative database
of the US population, while adjusting for the main potential con-
founders. However, the following limitations should be consid-
ered when interpreting the results. First, the NHANES only pro-
vided a single measurement of serum creatinine and urine albu-
minuria, which may introduce bias in diagnosing CKD. Second,
several variables, including medical history and healthcare ac-
cess, relied on self-reported observations, introducing the pos-
sibility of recall and response biases. Third, while associations
between obesity and frailty are likely bidirectional, with factors
such as limited physical activity and a sedentary lifestyle con-
tributing to general and abdominal obesity, we did not explore
these relationships. Fourth, residual confounding is a concern.
Some potential contributing factors of frailty, such as medica-
tions and sarcopenia, were not assessed by this study and could
confound observed associations between obesity and frailty. Fi-
nally, this study focused on patients with early-stage CKD. Cau-
tion should be exercised when generalizing this result to those
with end-stage kidney disease or undergoing dialysis, as well
as in other contexts. Therefore, future studies should employ
a prospective design to explore the relationship between gen-
eral and abdominal obesity and frailty in patients undergoing
dialysis.

CONCLUSION

This nationally representative study highlights the intricate in-
terplay between general and abdominal obesity and frailty in
patients with CKD. We uniquely explore the combined impact of
these obesity types, emphasizing the advantages of this bimodal
evaluation over unimodal approaches. Additionally, our findings
indirectly underscore the potential benefits of weight loss in
reducing frailty risk among CKD patients. This highlights the
importance of a comprehensive approach to assessing frailty-
related risks and tailoring interventions accordingly.
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