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A B S T R A C T

This study examined the influence of frailty status and physical activity (PA) compliance on all-cause mortality 
and healthcare utilization among Korean adults aged 45 years and older. Data from 2104 participants in the 
Korean Longitudinal Study of Aging (KLoSA; 2006 - 2022) were analyzed. Frailty was assessed using a 38-item 
frailty index (FI), and PA was defined according to adherence to the World Health Organization guideline of at 
least 150 min per week. Participants were classified as robust, pre-frail, or frail. Cox proportional hazards models 
and generalized linear mixed models were used to evaluate associations with mortality and healthcare utiliza
tion. Compared with robust individuals, frail participants exhibited a markedly higher risk of all-cause mortality 
(hazard ratio [HR] = 3.37, 95% confidence interval [CI]: 2.42–4.69), while pre-frail individuals also showed an 
elevated mortality risk (HR = 1.72, 95% CI: 1.43–2.07). Frailty was consistently associated with greater 
healthcare utilization across outpatient visits, hospital admissions, length of hospital stay, and healthcare costs. 
Adherence to PA guidelines was not independently associated with reduced mortality among pre-frail and frail 
individuals after multivariable adjustment; however, a significant interaction indicated higher healthcare costs 
among frail individuals who met PA guidelines. In addition, higher BMI was associated with lower mortality risk, 
consistent with patterns described as the obesity paradox. These findings highlight frailty as a key, independent 
predictor of mortality and healthcare utilization beginning in midlife. Standardized PA recommendations alone 
may be insufficient for physiologically vulnerable populations, underscoring the importance of early frailty 
screening and individualized, function-sensitive intervention strategies to promote healthy aging.

1. Introduction

Frailty is characterized by heightened vulnerability to external 
stressors due to declining physiological reserves [1,2]. Historically 
observed primarily in individuals aged 65 and older [3], recent evidence 
indicates that frailty is increasingly prevalent among middle-aged pop
ulations [4]. Early manifestations, such as weakened grip strength and 
slower gait speed appear in the mid-40 s [5,6]. Midlife is a critical period 
shaping later-life health and mortality [7], and early frailty signs may 
contribute to accelerated chronic disease development and increased 
healthcare utilization [8,9].

Frailty is commonly assessed using the frailty index (FI) [10], based 
on a cumulative deficit model that quantifies health deficits across 

disease, functional, and cognitive domains. Frailty reduces resilience to 
physiological stress and is associated with increased risks of cardiovas
cular disease, diabetes, musculoskeletal disorders, and neurodegenera
tive conditions [11]. Meta-analyses and cohort studies show that frail 
individuals have substantially higher risks of all-cause mortality and 
adverse healthcare outcomes than non-frail adults. Specifically, severe 
frailty has been associated with a 2.79-fold higher risk of prolonged 
hospitalization [12]. In addition, frail individuals accrue 54 % higher 
healthcare costs compared with pre-frail and 101 % more than those 
without frailty [13].

Physical activity (PA) is widely recognized as a major protective 
factor against chronic disease and premature mortality [14], and regular 
participation in PA is associated with reduced risks of cardiovascular 
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disease, obesity, hypertension, and diabetes [15–17]. PA also slows the 
progression of frailty by improving muscle strength, cardiopulmonary 
fitness, metabolic function, and inflammatory regulation [18–21]. 
Among adults aged 50 and older, those with a sedentary lifestyle show 
approximately double the mortality risk relative to their more active 
peers [22], while physically active individuals have lower chronic dis
ease prevalence and mortality [23]. Individuals meeting the World 
Health Organization’s (WHO) PA recommendations incur lower hospital 
costs than those who do not [24]. Nevertheless, a large proportion of 
middle-aged and older adults do not meet recommended PA levels [25,
26].

Frailty and PA interact to shape health trajectories [27]. Low PA 
contributes to frailty development through declines in muscle strength, 
mobility, and energy reserves [28,29], while higher PA may delay or 
mitigate frailty progression [30]. Individuals engaging in at least 150 
min of moderate-to-vigorous physical activity (MVPA) per week are 
more likely to avert physical frailty and experience lower all-cause 
mortality than more sedentary counterparts [31,32]. PA also attenu
ates the elevated cardiovascular mortality risk associated with frailty 
[33]. Nonetheless, according to health directives issued by the Ministry 
of Health and Welfare (2023) PA among middle-aged and older adults is 
projected to further decline with age [34], highlighting the need for 
longitudinal investigation.

Although substantial research highlights the bidirectional associa
tion between PA and frailty, most studies have focused on individuals 
aged 65 and older. Therefore, this study aimed to examine the longitu
dinal relationship between PA and frailty and their interaction effects on 
mortality and healthcare utilization using Korean Longitudinal Study of 
Aging (KLoSA) data among Korean adults aged 45 years and older.

2. Methods

2.1. Study participants

Data for this study were drawn from KLoSA, a nationally represen
tative cohort study conducted biennially since 2006 by the Korea 
Labor Institute. This dataset provided in-depth information on in
dividuals aged 45 and older, encompassing demographic, economic, 
and health factors, and was based on a multistage, stratified sam
pling design to preserve national representativeness. The study used 
panel data spanning from the first wave in 2006 to the ninth wave in 
2022, allowing for the assessment of long-term changes in partici
pants. The biennial design of KLoSA facilitated regular tracking of 
aging-related dynamics over time, providing comprehensive insights 
into trends and transitions within the target population. Participants 
with incomplete data on key variables, such as demographic and 
health-related factors, were excluded from the analysis. Addition
ally, individuals lost to follow-up before the ninth wave or prior to 
death were excluded from the analysis. Survival status was coded as 
0 for alive and 1 for deceased.

2.2. Independent variables

2.2.1. Frailty
Frailty was assessed using the FI, which captures vulnerability 

through the accumulation of health deficits [10]. This method consid
ered a range of health domains, including self-reported health, physical 
condition, cognitive performance, limitations in activities of daily living 
(ADL), instrumental activities of daily living (IADL), and chronic health 
conditions. For this study, 38 health-related variables were selected 
from the KLoSA dataset to construct the FI. The use of 38 deficits meets 
established methodological recommendations of including at least 30 
deficits for predictive validity and aligns with previous investigations in 
aging populations, which have included between 30 and 40 deficits 
[35–37]. These variables were selected based on the following criteria: 
(1) they were consistently measured across multiple survey waves and 

(2) they reflected common aging-related health conditions. Each vari
able was scored of 0 (no deficit) or 1 (deficit present), with some ordinal 
variables rescaled into a 0 - 1 range. Participants with missing or 
incomplete responses for FI components were excluded from the anal
ysis, and no deficits were coded as the absence of deficits. The 38 vari
ables were grouped into six clinical domains: self-rated health, physical 
condition, mental status, ADL, IADL, and chronic conditions. The 
self-rated health domain consisted of 1 item: self-assessment of overall 
health. The physical condition domain included 9 items: social 
engagement, limitation in usual activities due to health problems, his
tory of falls, impaired vision, impaired hearing, limitation in usual ac
tivities due to physical pain, weight loss of more than 5 kg, regular PA 
engagement, and taking medications as prescribed. The mental status 
domain was composed of 1 item: symptoms of depression. The ADL 
domain included 7 items: requiring assistance with dressing, personal 
hygiene, bathing, eating, getting in and out of bed, using the toilet, and 
maintaining continence. The IADL domain encompassed 10 items: 
needing help with grooming, housework, meal preparation, laundry, 
walking around the house, using transportation, shopping for essentials, 
managing finances, using the telephone, and preparing meals. Lastly, 
the chronic health conditions domain consisted of 10 items: hyperten
sion, diabetes mellitus, chronic lung disease (e.g., asthma or COPD), 
heart disease (e.g., myocardial infarction or angina), stroke or cere
brovascular disease, arthritis or joint problems, liver disease, mental 
illness, prostate disease, and cancer. The FI for each participant was 
calculated using the following formula: 

FI =
Sum of scores for deficits present
Total number of deficits measured 

Frailty was classified according to established thresholds: robust (FI 
≤ 0.10), pre-frail (0.10 < FI < 0.25), and frail (FI ≥ 0.25).

2.2.2. Physical activity
PA was assessed using a self-reported questionnaire based on WHO 

guidelines. PA compliance was classified into two categories: met and 
not met, based on whether the participant met the recommended PA 
threshold of 150 min of PA per week. Participants were asked the 
question, “Do you regularly exercise at least once a week?” Those 
responding ‘no’ were categorized as physically inactive and classified as 
having insufficient PA. Participants who reported engaging in regular 
exercise were asked to provide responses to two questions: 

(1) How many times per week do you participate in exercise?
(2) What is your average exercise time per participation?

Participants meeting or exceeding this threshold classified as having 
sufficient PA, while those below it was deemed insufficient.

2.3. Dependent variables

2.3.1. All-cause mortality
Mortality data were collected from the first wave in 2006 through the 

ninth wave in 2022. All-cause mortality, encompassing deaths from 
cancer, cardiovascular diseases, respiratory diseases, liver diseases, 
natural causes, accidents, and other causes, was ascertained using in
formation reported by family members or close relatives. Death records 
were confirmed through exit interviews in the tracker file and were 
validated via certificates provided by spouses or partners of deceased 
participants. The time to death was calculated using the formula: 

Survival Time = Date of Death − First Survey Date 

2.3.2. Utilization
Healthcare utilization was assessed using data collected from the first 

wave in 2006 to the ninth wave in 2022. It was primarily measured 
through three self-reported indicators of healthcare service use over the 
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past 12 months: (1) the number of outpatient visits, (2) the number of 
hospitalizations in the past 12 months, and (3) length of hospital stays 
for each admission. Outpatient visits were defined as the total number of 
visits to a doctor or medical facility, and hospital admissions were 
defined as the total number of inpatient admissions, both reported 
biennially by participants. Length of hospital stay was defined as the 
number of days spent hospitalized per admission. For the first wave, 
only information on the most recent hospitalization was collected, 
whereas subsequent waves were based on information since the previ
ous survey. Healthcare costs were evaluated as the total medical 
expenditure (in Korean Won, KRW) incurred by participants for outpa
tient and inpatient services over the past 12 months, based on self- 
reported data. Participants with missing data on these utilization mea
sures were excluded from the analysis to ensure data completeness.

2.4. Covariates

This analysis considered the following sociodemographic covariates: 
sex (male, female), marital status (married, unmarried), educational 
level (under elementary school graduate, middle school graduate, high 
school graduate, over university graduate), region (urban, rural), in
come level (quartiles), national health insurance coverage (yes, no), 
private insurance coverage (yes, no), smoking status (none, ex-smoker, 
smoker), and drinking status (none, ex-drinker, drinker).

2.5. Statistical analysis

Descriptive statistics were reported as means and standard de
viations (SD) for continuous variables and as frequencies and percent
ages for categorical variables. Group differences were assessed using 
analysis of variance (ANOVA) for continuous variables and chi-square 
tests for categorical variables. Generalized linear mixed models 
(GLMMs) were applied to examine longitudinal changes in utilization 
and frailty over time, accounting for the correlation of repeated mea
surements within individuals. Model 1 was adjusted for marital status, 
sex, educational level, and income quartile. Model 2 extended Model 1 
by further adjusting for smoking, drinking, BMI, national health insur
ance, private insurance, and the interaction between frailty and PA 
guideline adherence. Kaplan-Meier survival curves were used to esti
mate survival probabilities based on PA guideline compliance and 
frailty, with log-rank tests used to compare survival curves. A Cox pro
portional hazards model was used to evaluate the impact of PA 
compliance and frailty on all-cause mortality, with hazard ratios (HRs) 
and 95 % confidence intervals (CIs) calculated. Covariate adjustments in 
the Cox model mirrored those of Model 2. All data processing and sta
tistical analyses were performed using R (Version 4.3.3) and a p-value of 
less than 0.05 was considered statistically significant.

3. Results

Table 1 presents the baseline characteristics of participants (n =
2104) by frailty, categorized as robust (n = 1427), pre-frail (n = 618), 

Table 1 
Baseline characteristics by frailty (n = 2104).

Variables Frailty p-value χ[2]

Robust 
(n = 1427)

Pre-frail 
(n = 618)

Frail 
(n = 59)

Gender Male 941 (65.9) 313 (50.6) 28 (47.5) < 0.001 47.01
​ Female 486 (34.1) 305 (49.4) 31 (52.5) ​ ​
Age (years) 45 - 54 535 (37.5) 62 (10.0) 2 (3.4) < 0.001 358.03
​ 55 - 61 373 (26.1) 107 (17.3) 3 (5.1) ​ ​
​ 62 - 68 297 (20.8) 182 (29.4) 9 (15.3) ​ ​
​ 69 ≥ 222 (15.6) 267 (43.2) 45 (76.3) ​ ​
Marital Status Married 1274 (89.3) 453 (73.3) 33 (55.9) < 0.001 114.59
​ Unmarried 153 (10.7) 165 (26.7) 26 (44.1) ​ ​
Smoking Never smoked 818 (57.3) 405 (65.5) 37 (62.7) < 0.001 21.78
​ Ex-smoker 200 (14) 96 (15.5) 7 (11.9) ​ ​
​ Current smoker 409 (28.7) 117 (18.9) 15 (25.4) ​ ​
Drinking Never drank 738 (51.7) 237 (38.3) 9 (15.3) < 0.001 69.91
​ Ex-drinker 96 (6.7) 68 (11.0) 15 (25.4) ​ ​
​ Current drinker 593 (41.6) 313 (50.6) 35 (59.3) ​ ​
BMI (kg/m2) Underweight 36 (2.5) 41 (6.6) 2 (3.4) < 0.001 31.52
​ Normal 624 (43.7) 254 (41.1) 31 (52.5) ​ ​
​ Overweight 473 (33.1) 170 (27.5) 12 (20.3) ​ ​
​ Obese 294 (20.6) 153 (24.8) 14 (23.7) ​ ​
Region Urban 560 (39.2) 209 (33.8) 27 (45.8) 0.03 7.02
​ Rural 867 (60.8) 409 (66.2) 32 (54.2) ​ ​

National Health Insurance
No 41 (2.9) 63 (10.2) 7 (11.9) < 0.001 51.52

​ Yes 1386 (97.1) 555 (89.8) 52 (88.1) ​ ​
Private Insurance No 797 (55.9) 511 (82.7) 57 (96.6) < 0.001 163.10
​ Yes 630 (44.1) 107 (17.3) 2 (3.4) ​ ​
PA Guideline Compliance Not met 972 (68.1) 503 (81.4) 55 (93.2) < 0.001 51.18
​ Met 455 (31.9) 115 (18.6) 4 (6.8) ​ ​
Educational Level Under Elementary school graduate 501 (35.1) 390 (63.1) 47 (79.7) < 0.001 190.34
​ Middle school graduate 270 (18.9) 108 (17.5) 6 (10.2) ​ ​
​ High school graduate 482 (33.8) 89 (14.4) 2 (3.4) ​ ​
​ Over University graduate 174 (12.2) 31 (5.0) 4 (6.8) ​ ​
Income Quartile 0 - 25 % 262 (18.4) 223 (36.1) 39 (66.1) < 0.001 206.69
​ 25 - 50 % 315 (22.1) 192 (31.1) 15 (25.4) ​ ​
​ 50 - 75 % 404 (28.3) 124 (20.1) 4 (6.8) ​ ​
​ 75 - 100 % 446 (31.3) 79 (12.8) 1 (1.7) ​ ​
Mortality Alive 1071 (75.1) 282 (45.6) 5 (8.5) < 0.001 246.51
​ Deceased 356 (24.9) 336 (54.4) 54 (91.5) ​ ​

Note. BMI; Body Mass Index.
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and frail (n = 59). Significant differences were found across all variables 
(p < .001), including for region (p = .03). The gender distribution 
showed a higher percentage of males in the robust group (65.9 %) and a 
higher percentage of females in the frail group (52.5 %, p < .001). Age 
distribution showed that 76.3 % of the frail group were aged 69 years 
and older, compared to 15.6 % in the robust group (p < .001). Marital 
status varied significantly, with married individuals most prevalent in 
the robust group (89.3 %) and least in the frail group (55.9 %, p < .001). 
Regarding smoking, the proportion of none was the highest across three 
groups (robust: 57.3 %, pre-frail: 65.5 %, frail: 62.7 %, p < .001). For 
drinking status, non-drinker showed the highest percentage in robust 
group (51.7 %), whereas current drinkers were most prevalent in frail 
group (59.3 %, p < .001). BMI levels revealed that underweight in
dividuals were more prevalent in the pre-frail group (6.6 %) than in the 
robust group (2.5 %) and frail group (3.4 %), whereas normal BMI was 
most common in the frail group (52.5 %, p < .001). Regarding region, 
the proportion of rural was higher than urban across all groups (robust: 
60.8 %, pre-frail: 66.2 %, frail: 54.2 %, p < .001). Across all groups, the 
enrollment rate of national health insurance was high (robust: 97.1 %, 
pre-frail: 89.8 %, frail: 88.1 %, p < .001), whereas the rate of enrollment 
in private insurance was lower (robust: 44.1 %, pre-frail: 17.3 %, frail: 
3.4 %, p < .001). Compliance with physical activity guidelines was 
lower in the frail group (6.8 %) than in the robust group (31.9 %, p <
.001). Educational level differed significantly, under elementary school 
graduate showed the highest proportion in three groups (robust: 35.1 %, 
pre-frail: 63.1 %, frail: 79.7 %, p < .001). For income quartile, the 
proportion of the highest income quartile (75 - 100 %) was the highest in 
robust group (31.3 %), however 0 - 25 % was the highest in pre-frail 
group (36.1 %) and frail group (66.1 %). For mortality, the proportion 
of deceased increased across groups, being the lowest in the robust 
group (24.9 %), higher in the pre-frail group (54.4 %), and the highest in 
the frail group (91.5 %, p < .001).

Table 2 presents baseline healthcare utilization by frailty status. For 
healthcare costs (in 10,000 KRW), the median (interquartile range 
[IQR]) values were 4 (0 - 26) for the robust group, 32 (8 - 90) for the pre- 
frail group, and 35 (3 - 101) for the frail group, with significant differ
ences across frailty groups (p < .001). For the number of hospitaliza
tions, the median (IQR) was 0 (0 - 0) for both the robust and pre-frail 
groups and 0 (0 - 1) for the frail group (p < .001). Similarly, the me
dian (IQR) length of hospital stay was 0 (0 - 0) for the robust and pre- 
frail groups and 0 (0 - 4) for the frail group (p < .001). Outpatient 
visits showed higher utilization with increasing frailty status; the me
dian (IQR) number of outpatient visits was 4 (0 - 10) for the robust 
group, 11 (4 - 20) for the pre-frail group, and 12 (5 - 23) for the frail 
group (p < .001). Overall, most healthcare utilization measures 
exhibited highly skewed distributions, with median values of zero or 
near zero across frailty groups.

Table 3 shows the results of GLMM conducted to examine the effects 
of PA compliance, frailty, and their interaction on utilization, including 

healthcare costs, number and length of hospital stay, and outpatient 
visits. All models were adjusted for education level, sex, marital status, 
smoking, drinking, national health insurance, private health insurance, 
residential area, and BMI group. Compared to participants who did not 
meet PA guidelines, those who met the guidelines had significantly 
higher healthcare costs (B = 0.03, 95 % CI [0.01, 0.06], p < .05), but no 
significant differences were found for the number of hospitalizations or 
length of hospital stay or outpatient visits. Frailty was significantly 
associated with increased utilization. Pre-frail individuals had higher 
healthcare costs (B = 0.13, 95 % CI [0.11, 0.16], p < .001), more hos
pital admissions (B = 2.78, 95 % CI [2.22, 3.34], p < .001), longer 
hospital stays (B = 8.16, 95 % CI [7.15, 9.18], p < .001), and more 
outpatient visits (B = 51.19, 95 % CI [43.21, 59.17], p < .001) than the 
robust group. Frail groups showed even stronger associations across all 
outcomes: healthcare costs (B = 0.31, 95 % CI [0.23, 0.37], p < .001), 
number of admissions (B = 8.62, 95 % CI [7.23, 10.01], p < .001), length 
of hospital stay (B = 10.7, 95 % CI [8.28, 13.12], p < .001), and 
outpatient visits (B = 53.26, 95 % CI [33.91, 72.62], p < .001). The 
interaction effects between PA compliance and frailty were mostly not 
significant, except for a significant positive association with outpatient 
visits among frail individuals who also met PA guidelines (B = 87.61, 95 
% CI [25.30, 149.91], p < .01).

Fig. 1 shows the survival analysis to evaluate the survival probability 
based on PA compliance and frailty using the Kaplan-Meier analysis. 
Fig. 1-(a) presents the Kaplan-Meier curve by frailty for the overall 
sample regardless of PA guideline adherence, with follow-up over 195 
months. The initial number at risk was 1427 for the robust group, 618 
for the pre-frail group, and 59 for the frail group. At the 195-month 
mark, the number at risk was 1144 (73 deaths) for the robust group, 
347 (63 deaths) for the pre-frail group, and 11 (6 deaths) for the frail 
group. The log-rank test indicated a statistically significant difference in 
survival probability across frailty levels (p < .001). Fig. 1-(b) shows the 
Kaplan-Meier curve by frailty for the PA met group, with an initial 
number at risk of 455 for the robust group, 115 for the pre-frail group, 
and 4 for the frail group. At the 195-month mark, the number at risk was 
372 (18 deaths) for the robust group, 62 (7 deaths) for the pre-frail 
group, and 1 (0 deaths) for the frail group. The log-rank test within 
the met group revealed a statistically significant difference across frailty 
(p < .001). Pairwise comparisons showed significant differences be
tween the robust and pre-frail groups (χ[2] (1) = 54.17, p < .001), and 
between the robust and frail groups (χ[2] (1) = 9.42, p < .001); how
ever, the difference between the pre-frail and frail groups was not sta
tistically significant (χ[2] (1) = 0.37, p = .54). Fig. 1-(c) displays the 
Kaplan-Meier curve by frailty for the PA not met group, with an initial 
number at risk of 972 for the robust group, 503 for the pre-frail group, 
and 55 for the frail group. At the 195-month mark, the number at risk 
was 822 (105 deaths) for the robust group, 231 (58 deaths) for the 
pre-frail group, and 10 (6 deaths) for the frail group (p < .001).

Fig. 2 presents the associations between frailty status and all-cause 
mortality based on Cox proportional hazards models. Among pre-frail 
participants, Model 1 showed an increased risk of all-cause mortality 
compared with robust participants (HR, 2.01; 95 % CI, 1.71 - 2.35). After 
further adjustment in Model 2, the HR was 1.72 (95 % CI, 1.43 - 2.07). 
Among frail participants, the hazard ratio for all-cause mortality was 
4.01 (95 % CI, 2.94 - 5.46) in Model 1. After additional adjustment in 
Model 2, the HR was 3.37 (95 % CI, 2.42 - 4.69). All associations were 
statistically significant (p < .001).

4. Discussion

This study advances our understanding of frailty as a key, indepen
dent predictor of all-cause mortality and healthcare utilization among 
Korean adults aged 45 and older. Consistent with previous longitudinal 
findings [38,39], both pre-frailty and frailty were significantly associ
ated with increased risk of death and greater use of outpatient and 
inpatient medical services. Notably, frail individuals exhibited over a 

Table 2 
Baseline characteristics of utilization by frailty (n = 2104).

Variables Group p- 
value

Robust (n =
1427)

Pre-frail (n 
= 618)

Frail (n =
59)

Healthcare costs (10,000 
KRW)

4 (0 - 26) 32 (8 - 90) 35 (3 - 
101)

<

0.001

Number of 
hospitalizations (count)

0 (0 - 0) 0 (0 - 0) 0 (0 - 1) <

0.001
Length of hospital stay 

(days)
0 (0 - 0) 0 (0 - 0) 0 (0 - 4) <

0.001
Outpatient visits (count) 4 (0 - 10) 11 (4 - 20) 12 (5 - 

23)
<

0.001

Note. IQR; Interquartile Range, KRW; Korean Won, SD; Standard Deviation.
Frailty Index criteria: Robust ≤ 0.1, 0.1 < Pre-frail < 0.25, Frail ≥ 0.25.
All values are reported as median (IQR), defined as the 25th to 75th percentiles.
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threefold increase in mortality risk compared to robust individuals, even 
after adjusting for sociodemographic and behavioral covariates. These 
findings support the cumulative deficit model proposed by Rockwood 
and Mitnitski [40], which posits that the accumulation of physiological 
vulnerabilities predisposes individuals to adverse outcomes [10].

Unlike most frailty studies that focus exclusively on populations aged 
65 and older [41,42], this study incorporated middle-aged adults 
starting at age 45. This inclusion captures the earlier onset of functional 
decline and allows for a more nuanced understanding of frailty transi
tions over the life course [4,43]. Research has shown that midlife frailty 
is often modifiable and more responsive to intervention [44], reinforc
ing the importance of early detection and preventive strategies [8,9].

Quantitative results demonstrated that both pre-frail and frail in
dividuals faced significantly elevated mortality risks compared to robust 
adults, with hazard ratios of approximately 1.7 and 3.3, respectively. 
Frailty status also predicted higher healthcare costs, more frequent 
outpatient visits, and increased hospital admissions, indicating not only 
clinical vulnerability but also substantial economic burden [45]. These 
findings suggest that frailty is not only a biological condition but also a 
driver of broader systemic strain on healthcare infrastructure.

PA is a well-established determinant of health and survival in aging 
populations [14,46]. Regular PA has been shown to improve cardiore
spiratory function, preserve muscle mass, and reduce the risk of chronic 
disease [15,20]. Given this extensive evidence base and the limitations 
of the PA measure used in the present study, PA was treated as a co
variate rather than as a primary exposure. Consistent with this 
approach, while previous studies have highlighted the role of PA in 
delaying frailty progression [30,47], our results suggest that standard
ized PA thresholds may be insufficient to meaningfully modify mortality 
risk once frailty related vulnerability is established. Consistent with this 
interpretation, compliance with the WHO’s recommended minimum PA 
guideline (≥150 min/week) was not independently associated with 
reduced mortality risk among pre-frail and frail individuals after 
multivariable adjustment. Although unadjusted analyses suggested 
better survival among physically active individuals, this association was 
attenuated after accounting for frailty and other covariates, indicating 
that frailty may play a more central role in determining mortality risk.

An additional insight from this study is the identification of a pattern 
consistent with the “obesity paradox”. Individuals categorized as obese 
exhibited lower all-cause mortality than those in the normal BMI range 
[48,49], even after controlling for frailty and other covariates. This 
paradox has been consistently reported in aging populations [50,51], 
underscoring the need to better elucidate the mechanisms underlying 
this phenomenon. While excess adiposity has traditionally been 

proposed as a protective metabolic reserve during illness or physiolog
ical stress, accumulating evidence suggests that preserved muscle mass, 
muscle strength, and cardiorespiratory fitness may more accurately ac
count for this apparent survival advantage [48,52]. Recent studies 
indicate that higher fitness and muscular strength markedly attenuate 
mortality risk across BMI categories, highlighting the limitations of BMI 
as a standalone metric for risk stratification in older adults. Together, 
these findings suggest that the apparent survival advantages observed 
among individuals with higher BMI may reflect differences in underly
ing physical function rather than adiposity. Consistent with this inter
pretation, accumulating evidence indicates that muscle mass and muscle 
strength are critical determinants of survival in older adults [53], in
dependent of BMI. Preservation of muscular function has been shown to 
substantially reduce mortality risk, underscoring the importance of 
resistance-based exercise interventions [54]. Notably, large scale pro
spective studies have demonstrated that resistance exercise is a signifi
cant predictor of survival [55], further supporting its role as a key 
component of frailty prevention and management strategies. Collec
tively, these observations reinforce the importance of moving beyond 
BMI alone toward more comprehensive assessments of body composi
tion and physical function in aging populations.

This study possesses several methodological strengths. Utilizing 16 
years of nationally representative longitudinal data from the KLoSA, we 
were able to examine frailty transitions from midlife into older age with 
strong temporal resolution. The inclusion of both mortality and 
healthcare utilization outcomes enhances the clinical and policy rele
vance of the findings. Furthermore, rigorous statistical approaches, 
including generalized linear mixed models and multivariable-adjusted 
Cox regressions, reinforce the robustness of the results. The explora
tion of the interaction between PA and frailty also provides new insights 
that challenge prevailing assumptions in the aging and public health 
literature.

Nevertheless, limitations must be acknowledged. First, PA was 
measured via self-report, which may be subject to recall and reporting 
bias, and detailed information on exercise modality, intensity, and 
objective physiological markers was unavailable. Second, the exclusion 
of individuals with incomplete data may limit generalizability due to 
potential selection bias. Third, lack of information on exercise modality, 
frequency, and objective physiological markers restricts interpretation 
of PA effects. Lastly, while the findings reflect a Korean context, cultural 
differences in aging, activity norms, and healthcare systems may limit 
applicability in other populations. Therefore, future studies should 
consider using objective PA measurement tools such as accelerometers, 
include broader samples with imputed missing data, examine the effects 

Table 3 
Generalized linear mixed model analysis of the associations between frailty, PA compliance, and utilization (n = 2104).

Variables Healthcare costs Number of hospitalizations Length of hospital stay Outpatient visits

B 95 % CI B 95 % CI B 95 % CI B 95 % CI

Physical activity compliance (ref: Not met) ​ ​ ​ ​ ​ ​ ​ ​
Met 0.03 (0.01, 0.06)** 0.33 (− 0.25, 0.90) 2.77 (1.78, 3.76)*** 22.60 (14.60, 

30.61)***
Frailty (ref: Robust) ​ ​ ​ ​ ​ ​ ​ ​
Pre-frail 0.13 (0.11, 0.16)*** 2.78 (2.22, 3.34)*** 8.16 (7.15, 9.175)*** 51.19 (43.21, 

59.17)***
Frail 0.31 (0.23, 0.37) 

***
8.62 (7.23, 

10.01)***
10.7 (8.277, 

13.12)***
53.26 (33.91, 

72.62)***
Physical activity compliance × Frailty (ref: Not met ×

Robust)
​ ​ ​ ​ ​ ​ ​ ​

Met × Pre-frail 0.01 (− 0.03, 0.04) − 0.357 (− 1.31, 0.60) − 0.45 (− 2.06, 1.16) − 5.33 (− 18.51, 7.85)
Met × Frail 0.07 (− 0.10, 0.25) 1.18 (− 3.41, 5.77) − 1.19 (− 8.73, 6.35) 87.61 (25.30, 

149.91)**

Note. CI; confidence interval.
All models adjusted for covariates: education level, sex, marital status, smoking, drinking, national health insurance, private health insurance, residential area, and 
BMI group.
Estimates are unstandardized regression coefficients with 95 % CI.
Significance levels: * p < .05, **p < .01, ***p < .001.
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of different exercise modalities and intensities, and conduct cross na
tional comparisons to enhance external validity.

5. Conclusion

This study demonstrates that frailty is associated with increased all- 
cause mortality and healthcare utilization among Korean adults aged 45 
years and older, highlighting the importance of frailty assessment 
beginning in midlife. Frailty trajectories appear to emerge well before 
older age, suggesting a critical period for earlier identification and 
intervention. While PA remains an important component of healthy 
aging, meeting the standard recommendation of 150 min per week alone 
was not associated with lower mortality among pre-frail and frail in
dividuals, indicating limitations of uniform PA guidelines in physio
logically vulnerable populations. In addition, the observed association 
between higher BMI and lower mortality should be interpreted 
cautiously, as it may reflect differences in underlying fitness or muscle 
related factors rather than a protective effect of adiposity itself. Overall, 

these findings support early frailty screening and more individualized, 
function sensitive intervention strategies in clinical and public health 
practice.
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