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ARTICLE INFO ABSTRACT

Keywords: Background: Background: Frailty significantly impacts healthy aging, yet lifestyle interventions may reduce its

Ffﬂilty ) prevalence. This study investigated the association between a comprehensive lifestyle score, comprising eight

Lifestyle essential 8 (LES) modifiable factors (diet, physical activity, smoking, sleep, body mass index [BMI], non-HDL cholesterol, blood

gEiANE;ult glucose, and blood pressure), and frailty risk in older adults, identifying key components for targeted interven-
er at S

tions.

Methods: Using data from the National Health and Nutrition Examination Survey (NHANES, 2005-2018), we
analyzed 10,065 adults aged >60 years (mean age: 69.61, 54.97 % female). Each lifestyle factor was scored
from O to 100, and frailty was defined using a 49-item index (>0.21). Weighted logistic regression assessed
individual associations, restricted cubic spline (RCS) analysis explored dose-response relationships, and quantile
g-computation evaluated joint effects.

Results: Higher scores for dietary score (OR=0.69, 95 % CI: 0.52-0.90, score 100 vs. 0), non-smoking (OR=0.62,
95 % CI: 0.51-0.75), sleep (OR=0.29, 95 % CI: 0.17-0.49), blood glucose (OR=0.27, 95 % CI: 0.17-0.44), and
blood pressure (OR=0.43, 95 % CI: 0.30-0.61, score 25 vs. 0) were associated with lower frailty risk (all P < .05).
Diet and non-HDL cholesterol showed no linear association; smoking, BMI, blood glucose, and blood pressure
exhibited non-linear patterns (P<.05). A simultaneous one-level increase in all lifestyle factors reduced frailty
risk by 94 % (95 % CI: 92-95 %), with physical activity, blood glucose, and sleep as primary contributors.
Conclusion: These findings highlighted the association between specific lifestyle factors and reduced frailty risk,
underscoring the need for prospective studies to prioritize interventions for frailty prevention.

Quantile-g-calculation

1. Introduction

With increasing life expectancy, population ageing has emerged as
a pressing global challenge [1,2]. This demographic transition brings
physiological decline, often leading to frailty. Frailty is characterized
by impaired daily functioning, slower gait, and heightened vulnerabil-
ity to stressors, affecting around 7 % of adults aged 60 and older across
62 countries [3,4]. It imposes significant burdens on individuals, fami-
lies, and healthcare systems, contributing to poorer quality of life, falls,
and premature mortality. Economically, frailty generates annual health-
care costs ranging from $8620 to $29,910 per older adult, with 40 % to
76 % tied to medical expenses [5]. Notably, frailty is both reversible and
manageable, highlighting the importance of identifying modifiable risk

factors, especially those related to lifestyle, to enable early interventions
and bolster public health strategies for ageing populations [6].

The World Health Organization’s Decade of Healthy Ageing (2021-
2030) underscores a global commitment to tackling these issues. This
initiative seeks to create environments that promote healthy ageing,
with a strong emphasis on preventing and managing age-related con-
ditions such as frailty. Extensive research has investigated frailty’s de-
terminants, including comorbidities, nutritional status, and lifestyle. As
a modifiable factor, lifestyle shows particular promise, with evidence
indicating that behaviors like regular physical activity, adequate sleep,
and non-smoking can lower frailty risk. However, prior studies have
limitations. Many focus on isolated lifestyle factors, overlooking their
combined and interactive effects on frailty. Even when multiple factors

Abbreviations: LE8, Life’s essential 8; NHANES, National health and nutrition examination survey; PA, Physical activity; AHA, American heart association; BMI,
Body mass index; HDL, Non-high-density lipoprotein cholesterol; RCS, Restricted cubic spline.

* Corresponding authors.

E-mail addresses: 244519009@qq.com (Y. Hua), zhangynl18@tkhealthcare.com (Y. Zhang).

! Contributed equally to this work.

https://doi.org/10.1016/j.tjfa.2025.100061

Received 6 April 2025; Received in revised form 17 May 2025; Accepted 4 June 2025
2260-1341/© 2025 The Authors. Published by Elsevier Masson SAS on behalf of SERDI Publisher. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)


https://doi.org/10.1016/j.tjfa.2025.100061
http://www.ScienceDirect.com/science/journal/22601341
http://www.elsevier.com/locate/tjfa
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tjfa.2025.100061&domain=pdf
mailto:244519009@qq.com
mailto:zhangyn118@tkhealthcare.com
https://doi.org/10.1016/j.tjfa.2025.100061
http://creativecommons.org/licenses/by/4.0/

Y. Wu, H. Peng, R.

Xu et al

The Journal of Frailty & Aging 14 (2025) 100061

Table 1
Survey-Weighted Characteristics of the NHANES Sample According to Frailty.

Variable Total
Age 69.61(0.11)
Diet 50.00(25.00,80.00)
PA 90.00(0.00,100.00)
Smoke 75.00(75.00,100.00)
Sleep 100.00(70.00,100.00)
BMI 70.00(30.00,70.00)
HDL 60.00(40.00,80.00)
Glucose 60.00(60.00,100.00)
Blood pressure 50.00(30.00,80.00)
LE 8 64.38(54.38,73.75)
Poverty level 3.05(1.71,5.00)
Sex

Female 5070(54.97)

Male 4955(45.03)
Race

Mexican American 1181(3.65)

Non-Hispanic Black 2050(7.91)

Non-Hispanic White 5284(80.96)

Other Hispanic 895(3.13)

Other Race - Including Multi-Racial 615(4.35)
Education

< High school 1400(6.86)

High school

> High school
Marrital status

Married

Single

4765(57.13)
2511(20.78)

5910(64.81)
4111(35.16)

Non-Frailty Frailty P value
68.81(0.12) 71.63(0.19) < 0.0001
50.00(25.00,80.00) 50.00(25.00,50.00) < 0.0001
100.00(20.00,100.00) 0.00(0.00,100.00) < 0.0001
80.00(75.00,100.00) 75.00(75.00,100.00) < 0.0001
100.00(70.00,100.00) 90.00(70.00,100.00) < 0.0001
70.00(30.00,100.00) 30.00(15.00, 70.00) < 0.0001
60.00(40.00,80.00) 80.00(40.00,80.00) < 0.0001
100.00(60.00,100.00) 60.00(40.00,100.00) < 0.0001
50.00(30.00,80.00) 50.00(5.00,80.00) < 0.0001
67.50(58.13,76.25) 56.25(47.50,65.00) < 0.0001
3.48(2.01,5.00) 2.08(1.25,3.65) < 0.0001

< 0.0001
3278(53.26) 1792(59.32)
3437(46.74) 1518(40.68)

< 0.0001
767(3.23) 414(4.72)
1309(6.91) 741(10.46)
3584(82.77) 1700(76.34)
600(2.94) 295(3.63)
455(4.16) 160(4.85)

< 0.0001
778(5.95) 622(13.80)
3512(72.17) 1253(54.69)
1591(21.88) 920(31.51)

< 0.0001

4251(68.87)
2461(31.13)

1659(54.55)
1650(45.45)

Abbreviations: LE8: Life’s Essential 8; PA: physical activity; BMI: body mass index; HDL: Non-High-Density Lipoprotein Cholesterol.
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Fig. 1. Matrix of correlation coefficients for each compo-

nent of LES.

are considered, correlations among them can obscure individual contri-
butions, undermining the reliability of results. To overcome these short-
comings, a comprehensive lifestyle index paired with robust statistical
methods is critical for a thorough assessment of lifestyle’s impact on
frailty.

Previous studies have extensively explored the relationship between
lifestyle behaviors and frailty, often focusing on individual factors such

as physical activity, smoking cessation, or adherence to specific diets.
Some research has employed composite lifestyle scores (e.g., Healthy
Lifestyle Index or Mediterranean Diet Score) to capture multidimen-
sional effects [7]. These studies generally suggest that healthier lifestyle
patterns are associated with lower frailty risk. However, the analytical
methods used (mostly traditional regression models) often fail to ac-
count for the interdependence and potential interactions among lifestyle
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Table 2
Association Between the LE8 and Risk of Frailty.
Variable level OR P for trend
Diet 0 P =0.005
25 0.94 (0.79-1.13, p=.519)
50 0.96 (0.81-1.14, p=.633)
80 0.72 (0.60-0.87, p<.001)
100 0.69 (0.52-0.90, p=.007)
PA 0 P < 0.001
20 0.65 (0.45-0.93, p=.019)
40 0.62 (0.46-0.84, p=.002)
60 0.61 (0.46-0.81, p<.001)
80 0.55 (0.40-0.76, p<.001)
90 0.65 (0.49-0.87, p=.004)
100 0.40 (0.35-0.45, p<.001)
Smoke 0 P < 0.001
5 0.74 (0.24-2.28, p=.603)
25 1.15 (0.76-1.74, p=.501)
30 1.20 (0.47-3.06, p=.696)
50 1.36 (0.90-2.04, p=.140)
55 1.02 (0.65-1.60, p=.945)
75 0.85 (0.70-1.04, p=.123)
80 0.68 (0.43-1.09, p=.107)
100 0.62 (0.51-0.75, p<.001)
Sleep 0 P < 0.001
20 1.00 (0.55-1.83, p=.990)
40 0.60 (0.35-1.02, p=.061)
70 0.36 (0.21-0.61, p<.001)
920 0.43 (0.25-0.74, p=.002)
100 0.29 (0.17-0.49, p<.001)
BMI 0 P < 0.001
15 0.54 (0.40-0.73, p<.001)
30 0.42 (0.32-0.54, p<.001)
70 0.40 (0.30-0.51, p<.001)
100 0.38 (0.29-0.51, p<.001)
Non-HDL-C 0 P < 0.001
20 1.14 (0.81-1.59, p=.454)
40 1.25 (0.93-1.69, p=.139)
60 1.14 (0.84-1.56, p=.397)
80 1.74 (1.30-2.34, p<.001)
100 1.51 (1.11-2.07, p=.009)
Glucose 0 P < 0.001
10 0.77 (0.41-1.47, p=.433)
20 1.14 (0.63-2.04, p=.669)
30 0.92 (0.55-1.54, p=.740)
40 0.93 (0.57-1.52, p=.764)
60 0.32 (0.20-0.52, p<.001)
100 0.27 (0.17-0.44, p<.001)
Blood pressure 0 P =0.002
5 1.42 (1.10-1.84, p=.008)
25 0.43 (0.30-0.61, p<.001)
30 1.31 (1.02-1.69, p=.034)
50 0.51 (0.37-0.69, p<.001)
55 1.16 (0.89-1.52, p=.277)
75 0.50 (0.35-0.71, p<.001)
80 1.45 (1.12-1.88, p=.005)
100 0.59 (0.43-0.81, p=.001)

Abbreviations: PA: physical activity; BMI: body mass index; HDL: Non-High-
Density Lipoprotein Cholesterol.

components, which may lead to biased or oversimplified conclusions
[8,91.

Despite the growing interest in frailty prevention, limited research
has examined the association between the comprehensive Life’s Essen-
tial 8 (LE8) framework and frailty. Moreover, to our knowledge, no stud-
ies have applied quantile g-computation to assess the joint and relative
contributions of LE8 components to frailty risk. This gap underscores
the need for integrative approaches that can capture the complex inter-
play among lifestyle exposures while addressing multicollinearity and
non-linear associations.

The American Heart Association’s LE8 offers a holistic framework for
evaluating lifestyle, initially designed to improve cardiovascular health
[10]. It includes eight components: diet, physical activity, smoking,
sleep, body mass index, blood lipids, blood glucose, and blood pres-
sure. Although its relationship with frailty is underexplored, LE8 pro-
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vides a promising lens for examining lifestyle’s broader influence on
this condition. To investigate this, we utilize Quantile-g-computation, an
advanced statistical approach tailored to mixed exposures [11]. Unlike
conventional methods, it efficiently estimates joint effects, accommodat-
ing positive, negative, or null contributions from different components
without assuming linear relationships—ideal for capturing lifestyle’s
complex health impacts [12].

In summary, the primary objectives of this study are: 1) To evalu-
ate the association between individual lifestyle components of Life’s Es-
sential 8 and frailty, including potential dose-response relationships; 2)
To assess the combined effect of lifestyle factors on frailty and identify
the most influential contributors using quantile g-computation. These
insights will inform targeted strategies to mitigate frailty and promote
healthy ageing globally.

2. Methods and materials
2.1. Participants

This study is a cross-sectional investigation utilizing data sourced
from the NHANES, managed and implemented by the National Center
for Health Statistics at the Centers for Disease Control and Prevention.
NHANES employs a multi-stage, probability sampling method to select
participants from a representative sample across different age, gender,
racial/ethnic, and geographic categories throughout the United States.
Participants provide detailed information on health status, lifestyle, and
other factors through face-to-face interviews, physical examinations,
and laboratory tests. Detailed information about NHANES can be ob-
tained from its official website. This study included participants from
the years 2005 to 2018. Initially, there were 30,915 participants, with
exclusions made for individuals under 60 years of age (n = 20,340),
missing lifestyle data for more than one item (n = 391), frailty data
missing for more than 20 % (n = 119), resulting in a final inclusion of
10,065 participants (Supplementary Figure. S1).

2.2. Measures

2.2.1. Life’s essential 8

LE 8 is an assessment tool developed by the AHA to promote cardio-
vascular health and reduce the risk of cardiovascular diseases. It com-
prises eight indicators: diet quality, PA, nicotine exposure, sleep health,
BMI, Non-HDL-C, blood glucose, and blood pressure. Each indicator is
converted to a score ranging from 0 to 100 based on specific percentile
points. Detailed conversion criteria have been previously described in
the literature [10]. Particularly, for nicotine exposure, a score reduc-
tion of 20 is applied if exposed to secondhand smoke; for Non-HDL-C
and blood pressure, a score reduction of 20 is applied if taking lipid-
lowering or antihypertensive medications.

2.2.2. Frailty

We used the frailty index because it captures a broader range of
health deficits and is more sensitive to varying frailty levels than the
frailty phenotype [13]. Frailty consists of 49 indicators [14], primarily
including cognitive ability (1 item), activities of daily living (15 items),
depressive symptoms (7 items), chronic diseases (13 items), healthcare
service utilization (5 items), physical function and anthropometric mea-
sures (2 items), as well as laboratory tests (6 items). Detailed measure-
ment and assessment criteria for each indicator have been reported in
previous studies [14]. The frailty index is calculated by dividing the
number of diseases each participant has by 49, resulting in a frailty in-
dex ranging from O to 1. Participants with a frailty index greater than
0.21 are defined as frail [15].

2.2.3. Covariates

We included potential confounding variables. Due to the inclusion
of numerous variables in LE8 and frailty (57 in total), to avoid mul-
ticollinearity and overfitting, we only included gender (male, female),
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Fig. 2. logistic-based restricted cubic spline regression for each
component of LE8.
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Fig. 3. Prioritization of LE8 components based on
Quantile-g-computation.

075 050 025 025 0.0

Negative weights
age (continuous variable), education level (<high school, high school,
> high school), race (Mexican American, Non-Hispanic Black, Non-
Hispanic White, Other Hispanic, Other Race - Including Multi-Racial),
marital status (married, single), and poverty level (continuous variable)
as covariates.

2.3. Statistical analysis

For normally distributed continuous variables, we used mean and
standard error to represent them and compared baseline differences us-
ing analysis of variance. For non-normally distributed variables, we de-
scribed them using mean and quartiles and compared baseline differ-
ences using the rank-sum test. For categorical variables, case numbers
(weighted percentages) were used to describe them, and baseline char-
acteristics were compared using the Rao-Scott chi-square test. Consid-
ering the representativeness and robustness of the results, all statisti-
cal analyses were weighted. Although each indicator in LE8 was trans-
formed into a continuous variable, considering the presence of numer-
ous discontinuities, transforming these variables into categorical vari-
ables was deemed appropriate. Firstly, we explored the association be-
tween each component of LE8 and frailty using weighted logistic regres-
sion models and examined whether a linear relationship existed using
trend tests. Secondly, to determine the dose-response relationship be-
tween each LE8 variable and frailty, we utilized logistic-based restricted
cubic spline (RCS) regression to plot dose-response curves and evalu-
ated non-linearity using likelihood ratio tests [16]. Finally, to assess the
joint effect of LE8 on frailty and the priority of each LE8 component,
we employed Quantile-g-computation to investigate their association
with frailty [11]. In addition to the primary analyses, we conducted
subgroup and sensitivity analyses. Subgroup analyses were stratified by
sex (male, female) and age group (<70 years and >70 years) to examine
whether associations between LE8 components and frailty risk varied
across demographic groups. For sensitivity analyses, we adopted alter-
native frailty definitions using different cut-off points of the Frailty In-
dex (FI > 0.18, FI > 0.25, and FI > 0.25) to assess the robustness of
the findings. All statistical analyses were performed using R software. A
two-tailed p-value < 0.05 was considered statistically significant.

3. Results
3.1. Baseline characteristics

A total of 10,065 individuals were included in the study, with a mean
age of 69.61 years and a weighted proportion of 54.97 % females. Frail

0.75

Positive weights

participants had a higher average age and lower LE8 scores compared
to non-frail participants. Statistically significant differences were ob-
served in all lifestyle components among participants grouped by frailty
(P < .001). Frail participants were more likely to be older, single, and
have lower economic status (Table 1). The results of pairwise correla-
tions among the LE8 components indicated relatively low correlations
between each indicator (Fig. 1).

3.2. Association between LE8 components and frailty

The association between each LE8 component and frailty risk is pre-
sented in Table 2. All components were referenced using the worst
scenario (score of 0). For dietary score, participants with scores of 80
(OR=0.72, 95 % CI: 0.60-0.87) and 100 (OR=0.69, 95 % CI: 0.52-0.90)
were less likely to experience frailty. Regarding physical activity, en-
gaging in exercise was associated with a lower risk of frailty (all P <
.05). Non-smokers were less likely to experience frailty. For sleep, par-
ticipants with scores of 70 and above had a lower risk of frailty, with
those scoring 100 having the lowest risk (OR=0.29, 95 % CI: 0.17-0.49).
Higher BMI scores were associated with a higher likelihood of avoid-
ing frailty. For Non-HDL-C, participants with scores of 80 (OR=1.74,
95 % CI: 1.30-2.34) and 100 (OR=1.51, 95 % CI: 1.11-2.07) were more
likely to suffer from frailty. Regarding blood glucose, participants with
scores of 60 (OR=0.32, 95 % CI: 0.20-0.52) and 100 (OR=0.27, 95 %
CL: 0.17-0.44) were less likely to experience frailty. For blood pres-
sure, participants with scores of 25 (OR=0.43, 95 % CI: 0.30-0.61), 50
(OR=0.51, 95 % CI: 0.37-0.69), 75 (OR=0.50, 95 % CI: 0.35-0.71),
and 100 (OR=0.59, 95 % CI: 0.43-0.81) were less likely to experience
frailty, while those with scores of 5, 30, and 80 were more likely to expe-
rience frailty. All LE8 components possibly exhibited linear trends (All
P < .05).

3.3. Estimation of dose-response relationship between LE8 and frailty

To estimate dose-response curves and assess non-linear trends, we
conducted RCS analysis. As shown in Fig. 2, the results revealed that
there was no linear association between diet, exercise, Non-HDL-C, and
sleep with frailty risk (P > .05). Smoking, BMI, blood glucose, and blood
pressure possibly exhibited non-linear relationships with frailty risk (All
P < .05).
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3.4. Joint effects of LE8 on frailty and importance of each component

After adjusting for confounding factors, the risk of frailty was re-
duced by 94 % (95 % CI: 92 %—95 %) when the 8 lifestyle factors were
increased by one level at the same time. In Fig. 3, only Non-HDL-C had a
positive weight, while the other 7 lifestyle factors had negative weights.
Among the negative weights, PA had the highest weight, followed by
blood glucose, sleep, smoking, BMI, diet, and blood pressure.

3.5. Subgroup analysis and sensitivity analyses

Subgroup analysis showed consistent directions of associations
across sex and age groups. For example, higher diet scores were associ-
ated with lower frailty risk in both males and females (e.g., diet score
of 80: OR = 0.77, 95 % CI: 0.61-0.98 in males; OR = 0.75, 95 % CI:
0.58-0.95 in females). Among individuals aged <70 years, protective
effects of certain lifestyle behaviors, such as healthy diet and optimal
blood glucose levels, appeared more pronounced (Supplementary Ta-
ble S1). Sensitivity analyses using alternative frailty definitions yielded
similar results. Regardless of the cut-off used (FI > 0.18, FI > 0.25, or
FI > 0.25 with five common chronic diseases excluded), the direction
and significance of associations between LE8 components and frailty re-
mained stable, indicating the robustness of our findings (Supplementary
Table S2).

4. Discussion

This study evaluated the association between LE8 and frailty using
data from seven cycles of NHANES. Specifically, it examined: 1) the
association and dose-response relationship between individual lifestyle
factors and frailty, and 2) the joint effect of LE8 on frailty and the im-
portance of each indicator. The results indicated that lower levels of
Non-HDL-C may be a risk factor, while higher scores in other indicators
of LE8 were associated with a reduced risk of frailty. Smoking, BMI,
blood glucose, and blood pressure showed potential non-linear relation-
ships with frailty risk. Among factors negatively associated with frailty,
PA, blood glucose, and sleep were the most important.

Previous studies have examined the association between some
lifestyle factors and frailty, but these have often been limited in scope.
Few have investigated the association between frailty and lifestyle based
on LE8. For instance, a Finnish cohort study examined the association
between six lifestyle factors (exercise, diet, sleep, alcohol, smoking, and
body composition) and frailty, finding that a greater number of lifestyle
factors was associated with lower frailty levels, consistent with our find-
ings [17]. Although previous studies explored the association between
Life’s Sample 7 and frailty, they focused on the overall score, which
may lack specificity for individual and public health practices [18]. Our
study addressed these gaps, providing observational evidence that may
inform both individuals and policymakers on potential strategies to mit-
igate frailty risk.

Among the lifestyle factors negatively associated with frailty, PA,
blood glucose, and sleep emerged as the most important. PA is a rec-
ognized protective factor, potentially improving mental health and re-
ducing depression, which is part of frailty [19]. Research indicates that
exercise can alleviate depression through neurobiological mechanisms,
including upregulating the expression of neurotrophic factors such as
BDNF and reducing inflammatory signaling pathways [20]. These path-
ways may help explain the observed associations between PA and lower
frailty risk. Additionally, PA is associated with healthier BMI levels,
which in turn relate to lower frailty prevalence. However, some ran-
domized controlled trials have reported potential adverse events in
older adults, such as muscle pain and fatigue, which may attenuate
the net benefits of exercise [21,22]. Therefore, further research is war-
ranted to identify appropriate types and intensities of physical activity
that are most beneficial for frailty prevention. Similarly, elevated blood
glucose levels may be associated with increased frailty risk [23,24].
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Higher blood glucose levels or diabetes may impact frailty through sev-
eral potential pathways, including increased risk of chronic inflamma-
tion, chronic hyperglycemia-induced microvascular damage, and skele-
tal muscle mitochondrial dysfunction [25-27]. The observed non-linear
association between blood glucose and frailty may suggest a U-shaped
relationship, consistent with prior findings [24]. Sleep health is also
a crucial factor in frailty. Poor sleep quality or shorter sleep duration
may lead to reduced basal metabolic rate and energy expenditure, com-
promising muscle mass and immune function, thereby increasing sus-
ceptibility to diseases and functional decline [21,28,29]. Furthermore,
disrupted circadian rhythms due to sleep disturbances may exacerbate
frailty through oxidative and neuronal damage [29]. These associations
highlight the importance of maintaining healthy sleep patterns, but ad-
ditional longitudinal studies are needed to explore these links further.

A surprising finding in this study was the association between lower
Non-HDL-C levels and higher frailty risk. Currently, there is limited re-
search on the detailed association between Non-HDL-C and frailty, es-
pecially lacking longitudinal data. On one hand, low Non-HDL-C levels
imply high HDL-C levels, which may indicate lower cardiovascular or
mortality risks [30]. Thus, the association between low Non-HDL-C and
frailty may be due to fewer frail individuals in the higher Non-HDL-C
group, resulting in reverse causation. Therefore, caution is needed when
interpreting the association between Non-HDL-C and frailty, requiring
higher-level evidence from cohort studies or RCTs to guide public health
practice.

Another intriguing finding is the association between higher frailty
risk and individuals taking antihypertensive medication to maintain rel-
atively normal or healthy blood pressure levels [31]. This phenomenon
suggests that frailty caused by hypertension may be irreversible. One po-
tential benefit of antihypertensive medication is reducing cardiovascu-
lar disease or mortality. However, some previous studies have suggested
that antihypertensive drugs may increase the risk of other complications
in older adults, such as falls, cognitive impairment, orthostatic hypoten-
sion, and pressure ulcers [32-35]. Further investigations are needed to
assess optimal treatment strategies for this group and to guide clinical
decision-making.

This study has several strengths. It is among the first to apply the
Quantile-g-computation method to evaluate the joint effects and rela-
tive importance of LE8 components in relation to frailty. We used data
from a large, nationally representative sample, and applied rigorous sta-
tistical models with multiple sensitivity and subgroup analyses to ensure
robustness. Nonetheless, several limitations should be noted. Firstly, this
study is cross-sectional, unable to determine causality. Therefore, more
rigorous designs and measurements are needed to replicate the research
and ascertain the association between LE8 and frailty. Secondly, due to
some self-reported variables in LE8, measurement errors and potential
unmeasured confounding are unavoidable. Nevertheless, we conducted
rigorous statistical analyses to control confounding and ensure reason-
able estimation results. Lastly, as the study selected adults aged 60 and
above, the sample may not represent all age groups in the United States.
Additionally, the study results may not necessarily be applicable to other
racial groups outside the United States.

5. Conclusion

The study findings suggest that various components of LE8 are
associated with frailty, with physical exercise, blood glucose, and
sleep emerging as potential key lifestyle factors. Future evidence-based
prospective studies are needed to assess the association between LE8
and frailty and determine the priority of each LE8 component to pro-
vide personalized recommendations for delaying frailty.
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