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ABSTRACT
Background: The concept of being metabolically obese but normal weight (MONW) has emerged as a significant public health con-
cern. Individuals with MONW exhibit insulin resistance and are at elevated risk for chronic diseases, despite having a body mass index 
(BMI) <25 kg/m2. Given the high prevalence of MONW among older Asian adults and the role of abdominal visceral fat in metabolic 
abnormalities in individuals with MONW, identifying an accurate waist circumference (WC)-based body adiposity index for older 
Asian adults is essential. Thus, this study aimed to determine the most accurate WC-based body adiposity index for identifying 
MONW in older Korean adults that are not underweight or obese.
Methods: This cross-sectional study included 7,846 participants (3,536 males and 4,310 females) aged ≥60 years with a BMI of 
18.5–24.9 kg/m2 from the Korea National Health and Nutrition Examination Survey. MONW was defined using metabolic syndrome 
criteria and sex-specific triglyceride–glucose Index cutoff points. Associations were analyzed using logistic regression, and discrimi-
native ability was assessed using receiver operating characteristic curves. The analysis included BMI, WC and various WC-based adi-
posity indices, including the visceral adiposity index (VAI), body roundness index, waist-to-height ratio, conicity index, weight-adjust-
ed waist index, and a body shape index.
Results: While all WC-based indices were associated with MONW, only the VAI showed a stronger association (odds ratios [ORs], 
26.542 in males and 21.495 in females) and superior discriminative ability (area under the curves [AUCs], 0.826 in males and 0.802 in 
females) in both sexes compared with WC (ORs, 4.538 and 4.060; AUCs, 0.679 and 0.676). Other indices showed weaker associations 
and lower areas under the curves than did the VAI and WC, regardless of sex.
Conclusions: The VAI may serve as the most effective indicator for identifying MONW among older Korean adults that are not under-
weight or obese.

Keywords: Body adiposity index, Metabolically obese but normal weight, Older adults

INTRODUCTION

Recently, a new concept of obesity, “metabolically obese but 

normal weight (MONW)”, has gained attention as a significant 
public health concern [1,2]. MONW individuals are character-
ized by insulin resistance and are highly vulnerable to chronic 



diseases, despite having a body mass index (BMI) <25 kg/m2 
[1,3]. Notably, there are substantial numbers of MONW in 
older Asian adults with type 2 diabetes, cardiovascular disease, 
or other chronic health concerns [4,5]. The incidences of car-
diovascular disease and all-cause mortality for these individuals 
are even higher than those of their metabolically healthy coun-
terparts with a BMI ≥25 kg/m2 [6,7]. These findings underscore 
the limitations of BMI, which is a measure of body weight rela-
tive to height without considering fat distribution. Many previ-
ous reports have demonstrated the need for a more precise in-
dicator of MONW in older Asian adults who do not meet BMI-
based obesity criteria to prevent and manage health concerns 
related to metabolic abnormalities.

Since the accumulation of visceral fat in the abdominal re-
gion is considered a key contributor to metabolic abnormalities 
in MONW individuals, evaluating abdominal obesity is crucial. 
For years, waist circumference (WC) has been used to evaluate 
abdominal obesity [8,9]. However, WC is affected by differences 
in height and overall body size, making it less effective for eval-
uating abdominal adiposity [10,11]. To address the limitations 
of WC, several WC-based body adiposity indices, including the 
visceral adiposity index (VAI), body roundness index (BRI), 
waist-to-height ratio (WHtR), conicity index (CI), weight-ad-
justed-waist index (WWI), and a body shape index (ABSI), have 
been suggested [12-16]. All of these body adiposity indices have 
been reported as distinguishing indicators of various health 
concerns [12-16].

A cross-sectional study, involving Brazilian adults aged 20–59 
years old, conducted by Ferreira et al. [17] has reported that 
the VAI showed a better discriminative ability of MONW, com-
pared to BMI, WHtR, waist-to-hip ratio, and waist and neck 
circumference. However, given the different characteristics in 
anthropometry, eating and physical activity habits between Eu-
ropeans and Koreans, it remains uncertain whether the VAI is 
an equally effective indicator of MONW for older Asian adults. 
Additionally, the relationship between MONW and these adi-
posity indices in older Korean adults who are not underweight 
or obese (18.5≤BMI<25.0 kg/m2) has not yet been studied. 
Therefore, this study aimed to investigate the associations be-
tween WC-based adiposity indices and MONW in older Kore-
an adults. Furthermore, we compared the performance of these 
indices in discriminating MONW.

METHODS

Study design and participants
This cross-sectional study analyzed data from the Korea Na-
tional Health and Nutrition Examination Survey (KNHANES) 
collected between 2014 and 2022. The KNHANES is an ongo-
ing, nationally representative surveillance system established 
in 1984 to assess the health, nutritional status, and lifestyle 
behaviors of the Korean population. From the initial dataset, 
7,846 individuals (3,536 males and 4,310 females) aged ≥60 
years with a BMI between 18.5 and 24.9 kg/m2 were included. 
All participants provided written informed consent. This study 
was approved by the Institutional Review Board of Changwon 
National University (approval number: 7001066-202404-HR-
056) and conducted in accordance with the principles of the 
Declaration of Helsinki.

Measurements and body adiposity indices
Height was measured to the nearest 0.1 cm using a stadiometer 
with participants standing barefoot. Weight was recorded to the 
nearest 0.1 kg using a calibrated digital scale while the partici-
pants wore light clothing. BMI was obtained using the following 
formula: weight (kg)/height (m)2. WC was measured to the 
nearest 0.1 cm using a nonelastic glass fiber tape. Blood pressure 
was manually measured three times using a standard sphygmo-
manometer in a mobile examination unit, and the mean of the 
three readings was used in the analysis. Venous blood samples 
were drawn in the morning following an overnight fast of more 
than 8 hours. Serum concentrations of glucose, triglycerides, 
and high-density lipoprotein (HDL) cholesterol were deter-
mined using enzymatic or homogeneous enzymatic colori-
metric methods with a Hitachi 7600–210 automatic analyzer 
(Hitachi). WC-based body adiposity indices, including the VAI, 
BRI, WHtR, CI, WWI, and ABSI, were computed as described 
in Table 1.

Evaluation of metabolically obese but normal weight 
and metabolically healthy and normal weight
In the current study, participants were classified as MONW if 
they met either of the two criteria based on the method pro-
posed by Lee et al. [18]: the presence or absence of metabolic 
syndrome (MS), or exceeding the sex-specific triglyceride glu-
cose (TyG) index cutoff point. Those who met neither criterion 
were classified as metabolically healthy and normal weight 
(MHNW) individuals. Because MS encompasses a constellation 
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of metabolic abnormalities, it has been broadly used in previ-
ous studies to identify MONW. However, there is a possibility 
of missing early or subclinical metabolic risks in those with 
normal weight. Given that the TyG index is a surrogate marker 
of insulin resistance, it can complement MS criteria by identi-
fying individuals with latent metabolic risk who may otherwise 
be overlooked. MS was confirmed on the basis of the criteria 
recommended in 2022 by the Korean Society for the Study of 
Obesity [19], which require the presence of three or more of the 
following components: (1) WC ≥90 cm in males and ≥85 cm in 
females; (2) systolic blood pressure ≥130 mmHg, diastolic blood 
pressure ≥85 mmHg, or use of antihypertensive medication; (3) 
fasting plasma triglyceride concentration >150 mg/dL or the 
use of lipid-lowering medication; (4) fasting HDL-cholesterol 
concentration <40 mg/dL in males and <50 mg/dL in females, 
or the use of lipid-lowering medication; and (5) fasting plasma 
glucose concentration ≥100 mg/dL or the use of antihypergly-
cemic medication. Additionally, our previous study, which in-
vestigated the association between the TyG index and MONW 
in 4,721 older Korean adults, proposed sex-specific TyG index 
cutoff points of ≥8.88 for males and ≥8.80 for females [4]. 
These cutoff points were applied in the current study to identify 
MONW. The TyG index was calculated as ln [triglyceride con-
centration (mg/dL)×fasting plasma glucose concentration (mg/
dL)/2] [4,20].

Statistical analysis
The independent t-test or the Mann-Whitney U-test was ad-
opted to compare continuous variables between MONW and 
MHNW. For categorical variables, the chi-square test was 
applied. The results are presented as the means±standard devi-
ations or numbers (percentages) (Table 2). Logistic regression 
was performed to assess the sex-specific odds ratios (ORs) 
concerning the relationships between body adiposity indices 
and MONW. The fully adjusted model accounted for several 
confounding factors, such as age, education level, household 

income, smoking, drinking, physical activity (leisure-time or 
occupational physical activity, transfer time, and sedentary 
time), and nutrition (total, carbohydrate, protein, and fat ca-
loric intake). The results are presented as ORs (95% confidence 
intervals). Statistical analyses were performed using SPSS soft-
ware, ver. 26.0 (IBM, Inc.) (Table 3). To determine the optimal 
cutoff points for each sex-specific body adiposity index in iden-
tifying MONW individuals, we conducted receiver operating 
characteristic (ROC) curve analysis. The optimal cutoff points 
for each index were determined using the Youden index, which 
seeks to maximize the combined sensitivity and specificity. This 
analysis utilized MedCalc for Windows ver. 9.1.0.1 (MedCalc 
Corp.) (Table 4). For all analyses, P<0.05 was considered statis-
tically significant.

RESULTS

Table 2 presents the characteristics of the study participants. 
The mean age was 70.0±6.4 years for males and 69.5±6.4 years 
for females. In both sexes, all body adiposity indices in the 
MONW group were greater than those in their counterparts 
(P<0.001 for all). Similarly, all MS components and the TyG 
index were greater in the MONW group than in the MHNW 
group (P<0.05 for all).

Table 3 presents the sex-specific ORs for the associations be-
tween body adiposity indices and MONW. Among males, in the 
fully adjusted models, the VAI had ORs of 2.607 (2.168–3.135) 
for the middle tertile and 26.542 (21.158–33.294) for the high-
est tertile (P<0.001 for both). For WC, the ORs were 1.948 
(1.645–2.307) and 4.538 (3.798–5.423) for the middle and high-
est tertiles, respectively (P<0.001 for both). The BRI yielded 
ORs of 1.981 (1.672–2.347) and 4.013 (3.357–4.797), whereas 
the WHtR presented nearly identical values, with ORs of 1.981 
(1.672–2.347) and 4.016 (3.360–4.801) (P<0.001 for all). For the 
CI, the ORs were 1.853 (1.562–2.197) and 4.273 (3.554–5.137); 
for the WWI, they were 1.979 (1.668–2.348) and 3.847 (3.193–

Table 1. Formulas of WC-based body adiposity indices 
Index Formula
Visceral adiposity index Males: (WC/[39.68+(1.88×BMI)])×(TG/1.03)×(1.31/HDL-C)

Females: (WC/[36.58+(1.89×BMI)])×(TG/0.81)×(1.52/HDL-C)
Body roundness index 364.2–365.5×√(1–(WC/(2π))2/(0.5×height)2)
Waist-to-height ratio WC/height
Conicity index WC/[0.109×√(weight/height)]
Weight-adjusted waist index WC/√weight
A body shape index WC/[BMI^(2/3)×height^(1/2)]

BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; WC, waist circumference.

Korean J Health Promot 2025;25(3):75-83
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Table 2. Characteristics of study subjects 

Characteristic
Males Females

All males 
(n=3,536)

MONW 
(n=1,760)

MHNW 
(n=1,776) P-value All females 

(n=4,310)
MONW 

(n=2,476)
MHNW 

(n=1,834) P-value

VAI 4.036±5.209 5.712±6.911 2.374±1.079 <0.001a 4.924±3.882 6.320±4.505 3.039±1.352 <0.001a

WC (cm) 84.244±6.145 86.151±5.777 82.355±5.913 <0.001 79.897±6.106 81.480±5.878 77.759±5.748 <0.001
BRI 3.511±0.691 3.711±0.654 3.313±0.669 <0.001 3.792±0.813 3.987±0.797 3.529±0.758 <0.001
WHtR 0.507±0.037 0.517±0.034 0.496±0.036 <0.001a 0.521±0.042 0.531±0.040 0.507±0.040 <0.001
CI 1.264±0.064 1.281±0.061 1.246±0.062 <0.001 1.248±0.072 1.265±0.070 1.226±0.067 <0.001
WWI 10.684±0.573 10.823±0.549 10.546±0.563 <0.001 10.989±0.683 11.134±0.669 10.793±0.653 <0.001
ABSI 0.0082±0.0004 0.0083±0.0004 0.0081±0.0004 <0.001 0.0081±0.0004 0.0082±0.0004 0.0080±0.0004 <0.001
BMI (kg/m2) 22.502±1.650 22.858±1.515 22.149±1.701 <0.001a 22.470±1.620 22.737±1.545 22.108±1.649 <0.001a

SBP (mmHg) 125.8±17.0 127.6±16.9 124.0±16.9 <0.001 127.4±17.5 130.2±17.0 123.6±17.5 <0.001
DBP (mmHg) 73.4±9.7 73.8±9.8 73.1±9.5 <0.05 73.3±9.2 73.7±9.3 72.7±9.1 <0.001
Glucose (mg/dL) 107.4±25.1 116.1±30.0 98.8±14.8 <0.001a 103.5±23.6 109.8±28.0 95.0±11.2 <0.001a

HDL-C (mg/dL) 48.6±12.5 45.5±12.2 51.8±12.0 <0.001 53.0±12.9 49.7±11.9 57.6±12.8 <0.001a

Triglyceride (mg/dL) 130.4±99.8 172.4±125.2 88.8±28.3 <0.001a 122.0±67.6 147.4±76.7 87.7±27.2 <0.001a

TyG index 8.7±0.6 9.0±0.6 8.3±0.4 <0.001a 8.6±0.5 8.9±0.5 8.3±0.3 <0.001a

Age (yr) 70.0±6.4 69.8±6.3 70.3±6.4 <0.01 69.5±6.4 70.2±6.3 68.6±6.5 <0.001
Height (cm) 166.4±5.9 166.6±5.8 166.1±6.0 <0.01 153.5±5.8 153.6±5.7 153.4±6.0 0.213
Weight (kg) 62.4±6.5 63.6±6.3 61.2±6.5 <0.001 53.0±5.4 53.7±5.3 52.1±5.4 <0.001
Houshold income 0.220 <0.001
  Low 1,181 (33.4) 592 (33.6) 589 (33.2) 1,738 (40.3) 1,052 (42.5) 686 (37.4)
  Lower-middle 1,064 (30.1) 552 (31.4) 512 (28.8) 1,180 (27.4) 688 (27.8) 492 (26.8)
  Upper-middle 709 (20.1) 343 (19.5) 366 (20.6) 785 (18.2) 425 (17.2) 360 (19.6)
  High 582 (16.5) 273 (15.5) 309 (17.4) 607 (14.1) 311 (12.6) 296 (16.1)
Education level 0.468 <0.001
  Primary school 1,198 (33.9) 602 (34.2) 596 (33.6) 2,417 (56.1) 1,467 (59.2) 950 (51.8)
  Middle school 646 (18.3) 309 (17.6) 337 (19.0) 684 (15.9) 389 (15.7) 295 (16.1)
  High school 1,003 (28.4) 515 (29.3) 488 (27.5) 812 (18.8) 430 (17.4) 382 (20.8)
  College 689 (19.5) 334 (19.0) 355 (20.0) 397 (9.2) 190 (7.7) 207 (11.3)
Drinking <0.001 <0.05
  Never 1,042 (29.5) 461 (26.2) 581 (32.7) 2,550 (59.2) 1,508 (60.9) 1,042 (56.8)
  ≤Once a week 1,336 (37.8) 661 (37.6) 675 (38.0) 1,549 (35.9) 854 (34.5) 695 (37.9)
  2–3 times/wk 614 (17.4) 339 (19.3) 275 (15.5) 143 (3.3) 74 (3.0) 69 (3.8)
  ≥4 times/wk 544 (15.4) 299 (17.0) 245 (13.8) 68 (1.6) 40 (1.6) 28 (1.5)
Smoking <0.001 0.538
  Never 709 (20.1) 291 (16.5) 418 (23.5) 4,059 (94.2) 2,325 (93.9) 1,734 (94.5)
  Former smoking 2,003 (56.6) 1,029 (58.5) 974 (54.8) 132 (3.1) 82 (3.3) 50 (2.7)
  Current smoking 824 (23.3) 440 (25.0) 384 (21.6) 119 (2.8) 69 (2.8) 50 (2.7)
Medication
  Anti-hypertensive medica-

tion
1,402 (39.6) 919 (52.2) 483 (27.2) <0.001 1,827 (42.4) 1,367 (55.2) 460 (25.1) <0.001

  Lipid-lowering medication 667 (18.9) 620 (35.2) 47 (2.6) <0.001 1,342 (31.1) 1,186 (47.9) 156 (8.5) <0.001
  Anti-hyperglycemic medi-

cation
646 (18.3) 497 (28.2) 149 (8.4) <0.001 723 (16.8) 636 (25.7) 87 (4.7) <0.001

Physical activity
  LPA (min/wk) 62.0±158.9 58.8±156.6 65.2±161.1 0.237 31.3±98.5 23.4±80.6 42.0±117.7 <0.001a

  OPA (min/wk) 22.8±154.7 23.1±165.8 22.6±142.9 0.927 15.1±125.1 11.1±98.0 20.5±154.2 0.184
  Transfer time (min/wk) 112.8±198.5 110.1±190.1 115.6±206.5 0.412 98.2±160.6 95.7±155.0 101.7±167.8 0.223
  Sedentary time (min/wk) 3,220.6±1,521.3 3,298.7±1,508.2 3,143.2±1,530.7 <0.01 3,223.0±1,645.8 3,276.1±1,674.5 3,151.2±1,603.9 <0.05

(Continued on the next page)
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Characteristic
Males Females

All males 
(n=3,536)

MONW 
(n=1,760)

MHNW 
(n=1,776) P-value All females 

(n=4,310)
MONW 

(n=2,476)
MHNW 

(n=1,834) P-value

Nutrition
  Total energy intake (kcal/

day)
1,978.2±742.8 1,934.8±710.3 2,021.1±771.5 <0.01 1,494.2±583.2 1,468.3±571.3 1,529.2±597.3 <0.01

  Protein (g/day) 68.6±32.5 65.7±29.9 71.4±34.6 <0.001a 51.6±25.6 50.3±24.6 53.4±26.9 <0.001a

  Fat (g/day) 36.4±26.8 35.0±24.9 37.8±28.5 <0.05a 27.9±20.9 26.9±20.3 29.3±21.5 <0.001a

  Carbohydrate (g/day) 318.3±116.8 309.2±110.5 327.2±122.2 <0.001a 257.1±103.3 254.0±101.7 261.2±105.3 <0.05

Values are presented as mean±standard deviation or number (%).
ABSI, a body shape index; BMI, body mass index; BRI, body roundness index; CI, conicity index; DBP, diastolic blood pressure; HDL-C, high-density 
lipoprotein cholesterol; LPA, leisure-time physical activity; MHNW, metabolically healthy and normal weight; MONW, metabolically obese but normal 
weight; OPA, occupational physical activity; SBP, systolic blood pressure; TyG index, triglyceride glucose index; VAI, visceral adiposity index; WC, waist 
circumference; WHtR, waist-to-height ratio; WWI, weight-adjusted-waist index.
aMann-Whitney U-test was applied to assess the difference between groups.

Table 2. Continued

Table 3. Sex-specific odds ratios for the association between body adiposity indices and MONW 

Variable
Males (n=3,536)

Variable
Females (n=4,310)

Unadjusted model Fully adjusted modela Unadjusted model Fully adjusted modela

VAI VAI
  LT (n=1,179) Reference Reference   LT (n=1,436) Reference Reference
  MT (n=1,178) 2.600 (2.167–3.119)*** 2.607 (2.168–3.135)***   MT (n=1,437) 2.329 (1.999–2.712)*** 2.261 (1.938–2.638)***
  HT (n=1,179) 25.951 (20.792–32.390)*** 26.542 (21.158–33.294)***   HT (n=1,437) 21.868 (17.723–26.982)*** 21.495 (17.373–26.594)***
WC WC
  LT (n=1,182) Reference Reference   LT (n=1,437) Reference Reference
  MT (n=1,195) 1.906 (2.770–4.301)*** 1.948 (1.645–2.307)***   MT (n=1,440) 1.710 (1.475–1.982)*** 1.683 (1.450–1.953)***
  HT (n=1,159) 4.214 (3.546–5.008)*** 4.538 (3.798–5.423)***   HT (n=1,433) 4.317 (3.679–5.064)*** 4.060 (3.452–4.775)***
BRI BRI
  LT (n=1,179) Reference Reference   LT (n=1,436) Reference Reference
  MT (n=1,177) 1.966 (1.665–2.321)*** 1.981 (1.672–2.347)***   MT (n=1,437) 1.851 (1.596–2.147)*** 1.785 (1.536–2.076)***
  HT (n=1,180) 3.617 (3.052–4.286)*** 4.013 (3.357–4.797)***   HT (n=1,437) 3.638 (3.112–4.254)*** 3.292 (2.793–3.879)***
WHtR WHtR
  LT (n=1,178) Reference Reference   LT (n=1,436) Reference Reference
  MT (n=1,179) 1.968 (1.667–2.324)*** 1.981 (1.672–2.347)***   MT (n=1,437) 1.852 (1.597–2.148)*** 1.786 (1.537–2.077)***
  HT (n=1,179) 3.621 (3.055–4.292)*** 4.016 (3.360–4.801)***   HT (n=1,437) 3.637 (3.110–4.253)*** 3.290 (2.791–3.878)***
CI CI
  LT (n=1,179) Reference Reference   LT (n=1,436) Reference Reference
  MT (n=1,178) 1.758 (1.490–2.075)*** 1.853 (1.562–2.197)***   MT (n=1,437) 1.784 (1.539–2.069)*** 1.688 (1.453–1.962)***
  HT (n=1,179) 3.667 (3.093–4.346)*** 4.273 (3.554–5.137)***   HT (n=1,437) 3.734 (3.192–4.369)*** 3.348 (2.839–3.948)***
WWI WWI
  LT (n=1,178) Reference Reference   LT (n=1,436) Reference Reference
  MT (n=1,179) 1.854 (1.571–2.187)*** 1.979 (1.668–2.348)***   MT (n=1,437) 1.826 (1.575–2.117)*** 1.731 (1.488–2.013)***
  HT (n=1,179) 3.214 (2.716–3.084)*** 3.847 (3.193–4.636)***   HT (n=1,437) 3.199 (2.741–3.734)*** 2.845 (2.401–3.369)***
ABSI ABSI
  LT (n=1,178) Reference Reference   LT (n=1,436) Reference Reference
  MT (n=1,179) 1.727 (1.464–2.036)*** 1.817 (1.535–2.154)***   MT (n=1,437) 1.593 (1.375–1.846)*** 1.499 (1.290–1.742)***
  HT (n=1,179) 3.097 (2.619–3.664)*** 3.519 (2.930–4.226)***   HT (n=1,437) 3.293 (2.819–3.847)*** 2.917 (2.474–3.440)***
BMI BMI
  LT (n=1,178) Reference Reference   LT (n=1,436) Reference Reference
  MT (n=1,179) 1.890 (1.603–2.228)*** 1.983 (1.675–2.347)***   MT (n=1,437) 1.586 (1.368–1.837)*** 1.622 (1.396–1.884)***
  HT (n=1,179) 2.661 (2.253–3.143)*** 2.838 (2.392–3.367)***   HT (n=1,437) 2.426 (2.085–2.824)*** 2.464 (2.111–2.877)***
Values are presented as odds ratio (95% confidence interval).
ABSI, a body shape index; BMI, body mass index; BRI, body roundness index; CI, conicity index; HT, highest tertile; LT, lowest tertile; MONW, 
metabolically obese but normal weight; MT, middle tertile; VAI, visceral adiposity index; WC, waist circumference; WHtR, waist-to-height ratio; WWI, 
weight-adjusted-waist index.
aFully adjusted model was adjusted for age, education level, house income, smoking, drinking, leisure-time or occupational physical activity, transfer time, 
sedentary time and total, carbohydrate, protein and fat intake calories.
*P<0.05, **P<0.01, ***P<0.001.
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Table 4. Sex-specific AUC comparisons for body adiposity indices in identifying MONW 
Variable AUC Cutoff Sensitivity Specificity P-value
Males (n=3,536)
  VAI 0.826 >3.181 72.8 79.1 <0.001
  WC 0.679 >84.300 64.6 61.7 <0.001
  BRI 0.665 >3.433 68.0 57.2 <0.001
  WHtR 0.665 >0.504 68.1 57.2 <0.001
  CI 0.659 >1.280 51.9 70.7 <0.001
  WWI 0.640 >10.547 69.5 50.5 <0.001
  ABSI 0.635 >0.0829 51.5 69.0 <0.001
  BMI 0.622 >22.221 69.9 48.6 <0.001
Females (n=4,310)
  VAI 0.802 >4.339 64.4 84.3 <0.001
  WC 0.676 >80.400 57.5 67.4 <0.001
  BRI 0.662 >3.675 64.2 59.4 <0.001
  WHtR 0.662 >0.517 64.3 59.3 <0.001
  CI 0.662 >1.257 55.9 68.6 <0.001
  WWI 0.646 >10.931 62.2 59.9 <0.001
  ABSI 0.645 >0.0822 48.2 73.4 <0.001
  BMI 0.612 >22.576 59.7 57.6 <0.001

ABSI, a body shape index; AUC, area under the curve; BMI, body mass index; BRI, body roundness index; CI, conicity index; MONW, metabolically obese 
but normal weight; VAI, visceral adiposity index; WC, waist circumference; WHtR, waist-to-height ratio; WWI, weight-adjusted-waist index.

4.636); for the ABSI, they were 1.817 (1.535–2.154) and 3.519 
(2.930–4.226); and for the BMI, they were 1.983 (1.675–2.347) 
and 2.838 (2.392–3.367) (P<0.001 for all).

Among females, in the fully adjusted models, the VAI 
demonstrated ORs of 2.261 (1.938–2.638) for the middle tertile 
and 21.495 (17.373–26.594) for the highest tertile (P<0.001 for 
both). For WC, the ORs were 1.683 (1.450–1.953) and 4.060 
(3.452–4.775), respectively (P<0.001 for both). The BRI had 
ORs of 1.785 (1.536–2.076) and 3.292 (2.793–3.879), whereas 
the WHtR yielded similar values: 1.786 (1.537–2.077) and 3.290 
(2.791–3.878) (P<0.001 for all). For the CI, the ORs were 1.688 
(1.453–1.962) and 3.348 (2.839–3.948); for the WWI, they were 
1.731 (1.488–2.013) and 2.845 (2.401–3.369); for the ABSI, they 
were 1.499 (1.290–1.742) and 2.917 (2.474–3.440); and for the 
BMI, they were 1.622 (1.396–1.884) and 2.464 (2.111–2.877) 
(P<0.001 for all).

Table 4 presents the comparison of sex-specific ROC curves 
for body adiposity indices in identifying MONW. Among males, 
the VAI had the highest AUC of 0.826 (cutoff point: >3.181, 
sensitivity: 72.8, specificity: 79.1) (P<0.001). WC had an AUC 
of 0.679 (cutoff point: >84.300, sensitivity: 64.6, and specificity: 
61.7) (P<0.001). Two indices, BRI and WHtR, demonstrated the 
same AUC of 0.665, with similar sensitivities (68.0 for BRI and 
68.1 for WHtR) and the same specificity (57.2 for both) (P<0.001 
for both). The CI, WWI, and ABSI exhibited progressively low-
er AUCs in descending order, with varying sensitivities (51.9 

for CI, 69.5 for WWI, and 51.5 for ABSI) and specificities (70.7 
for CI, 50.5 for WWI, and 69.0 for ABSI) (P<0.001 for all). BMI 
had the lowest AUC of 0.622 (cutoff point: >22.221, sensitivity: 
69.9, specificity: 48.6) (P<0.001).

Similarly, among females, the VAI had the highest AUC at 
0.802 (cutoff point: >4.339, sensitivity: 64.4, specificity: 84.3) 
(P<0.001). WC followed, with an AUC of 0.676 (cutoff point: 
>80.400, sensitivity: 57.5, specificity: 67.4) (P<0.001). Three 
indices, BRI, WHtR, and CI, had the same AUC of 0.662, with 
varying sensitivities (64.2 for BRI, 64.3 for WHtR, and 55.9 for 
CI) and specificities (59.4 for BRI, 59.3 for WHtR, and 68.6 for 
CI) (P<0.001 for all). The WWI and ABSI yielded similar AUCs 
of 0.646 and 0.645, respectively, with different sensitivities (62.2 
for WWI and 48.2 for ABSI) and specificities (59.9 for WWI 
and 73.4 for ABSI) (P<0.001 for both). BMI had the lowest 
AUC at 0.612 (cutoff point: >22.576, sensitivity: 59.7, specifici-
ty: 57.6) (P<0.001).

DISCUSSION

This cross-sectional study examined the associations between 
various WC-based body adiposity indices and MONW in older 
Korean adults and compared their discriminative ability. The 
major findings can be summarized as follows: (1) All WC-
based body adiposity indices were associated with MONW in 
both sexes; however, only the VAI demonstrated a stronger as-
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sociation than WC did. (2) Although all indices could identify 
MONW in both sexes, only VAI outperformed WC in terms of 
discriminative ability, whereas the other indices showed inferior 
performance. These findings suggest that the VAI may serve as 
the most effective indicator for identifying MONW among old-
er Korean adults that are not underweight or obese.

Ruderman and colleagues [21] first introduced the concept 
of MONW, which is a subset of individuals with a BMI <25 kg/
m2 who exhibit hyperinsulinemia, insulin resistance, and other 
metabolic abnormalities typically observed in obese individuals. 
Later, in 1998, they further confirmed that MONW individuals 
are relatively common and face an elevated risk for type 2 diabe-
tes and cardiovascular disease [22]. Following their foundation-
al work, a growing body of research has demonstrated various 
health concerns associated with MONW in Asian older adults 
[23-25]. Despite such health risks associated with MONW, the 
need for a universally applicable identification index has long 
been overlooked in public health.

In the present study, the VAI had the strongest association 
and the highest discriminative ability for identifying MONW in 
both sexes. Prior to the present study, several previous studies 
have shown that the VAI is effective at detecting metabolic ab-
normalities. For example, a cross-sectional study by Motamed 
et al. [26] indicated that the VAI was more closely related to 
MS than other indices, such as WC, BMI, WHR, and WHtR, 
in both sexes. Compared with other indices, the VAI has also 
demonstrated a superior ability to discriminate MS [26]. Addi-
tionally, a longitudinal study by Kang et al. [27] revealed that in-
dividuals in the highest tertiles of the VAI presented a 2.26-fold 
greater risk for males and a 1.75-fold greater risk for females in 
terms of progression from a metabolically healthy status to a 
metabolically unhealthy status. The VAI also exhibited greater 
discriminative ability than WC did, regardless of sex [27].

Although direct comparisons between these previous studies 
and the current study are limited by differences in participant 
characteristics, such as ethnicity, age, and BMI ranges, the pre-
vious findings collectively support the utility of the VAI as a 
sex-independent indicator for identifying and predicting met-
abolic abnormalities [13]. This usefulness may be derived from 
the incorporation of both anthropometric (WC and BMI) and 
metabolic (triglyceride and HDL cholesterol) parameters in the 
VAI. This combination allows for a more comprehensive reflec-
tion of visceral adiposity accumulation and dysfunction than 
does WC alone [13]. However, it is important to note that the 
VAI includes triglyceride and HDL cholesterol, which are also 

part of the operational definition of MONW. This overlap may 
lead to inflated observed associations and AUC values, limiting 
the interpretation of the VAI as a fully independent screening 
tool for metabolic risk.

In contrast, although the BRI, WHtR, CI, WWI, and ABSI 
were developed to improve assessments of abdominal obesity 
compared with WC or BMI, their associations with MONW 
and their discriminative abilities in older adults are relatively 
modest [12,14-16]. One possible explanation is that although 
these indices are helpful for general obesity screening, they may 
not adequately reflect the complex relationship between visceral 
fat and metabolic abnormalities in older adults. This is partic-
ularly relevant given that older individuals undergo physiolog-
ical changes such as fat redistribution and loss of muscle mass, 
which complicate the obesity phenotype [28].

A key strength of this study is the extensive adjustment for 
demographic and lifestyle variables, enhancing the reliability of 
the associations observed. However, owing to the cross-section-
al design, causality cannot be inferred. Longitudinal studies are 
needed to confirm these findings. Additionally, the inclusion 
criterion of BMI between 18.5 and 24.9 kg/m2, while consistent 
with standard definitions of normal weight, may not accurately 
reflect true adiposity or metabolic risk in older adults. Age-re-
lated physiological changes, such as sarcopenia and fat redistri-
bution, are not captured by BMI alone and may have influenced 
the classification of MONW individuals in this population. 
Furthermore, since all participants were older Korean adults, 
it remains uncertain whether the results can be extrapolated 
to individuals of other ethnicities or in different countries. 
Measurements such as WC and WC-based indices used in this 
study are known to vary by ethnicity, age, and sex, highlighting 
the need for ethnicity-specific cutoff points. Finally, although 
MONW was defined using both MS criteria and the TyG index 
to improve sensitivity, their partial overlap, particularly con-
cerning glucose and triglyceride components, may introduce 
redundancy. The TyG-based cutoff values, which were derived 
from a Korean sample, also require external validation before 
being applied more broadly.

In conclusion, our findings suggest that, compared with WC 
and other indices, the VAI may be the most effective WC-based 
index for identifying MONW in older adults that are not un-
derweight or obese. Considering the limitations of BMI, WC, 
and other indices in capturing metabolic abnormalities, the VAI 
may serve as a more practical and accurate indicator for clinical 
screening and public health surveillance.
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ABSTRACT
Background: This study aimed to compare and analyze the effects of two training modalities—resistance training and power train-
ing—on maximal strength (one-repetition maximum, 1RM) and repetition-based muscular endurance in university students.
Methods: Fifty-seven university students (34 males and 23 females) participated in a 12-week training intervention. The program 
was divided into two phases: phase 1 (first 6 weeks) involved resistance training with a controlled 3-second concentric-eccentric 
tempo, while phase 2 (last 6 weeks) incorporated power training with 20-second maximal repetition sets. A total of 12 exercises were 
included, comprising eight 1RM-based and four repetition-based exercises. Measurements were conducted at three time points—T1 
(pre), T2 (mid), and T3 (post)—and included assessments of body composition and exercise performance. Data were analyzed using re-
peated measures ANOVA and paired t-tests.
Results: Significant improvements (P<0.001) were observed across most 1RM-based exercises, particularly during the power training 
phase. Repetition-based exercises also showed positive trends, although performance declines were noted in the kettlebell exercise 
for some participants. In terms of body composition, skeletal muscle mass significantly increased across all participants, while male 
participants exhibited a slight decrease in body fat percentage.
Conclusions: These findings suggest that power training is highly effective in improving maximal strength within a short period and 
that the effectiveness of exercise interventions may differ depending on contraction velocity and training modality. Based on a prac-
tical training design for general university students, this study offers foundational insights for developing efficient physical training 
programs.

Keywords: Resistance training, Power training, Maximal strength, Muscular endurance, 1 Repetition maximal

INTRODUCTION

In modern society, the issue of insufficient physical activity 
among university students is becoming increasingly serious [1]. 
This lack of activity has been associated with a heightened risk 

of decreased physical fitness, obesity, and musculoskeletal dis-
orders [2]. Particularly, many students experience a significant 
decline in physical activity upon entering university, which can 
lead directly to deteriorating health and a reduced quality of life 
in the long term [3]. Against this backdrop, the importance of 



strength training has been emphasized [4]. Resistance training 
enhances muscle hypertrophy and maximal strength [5-7], 
while power training, performed at high velocity with low resis-
tance, improves neuromuscular efficiency and fast-twitch fiber 
recruitment [8,9]. As these modalities differ in stimulus, their 
effects on maximal strength also differ. Maximal strength, com-
monly measured via one-repetition maximum (1RM) [10-12], 
is a key indicator of performance. Therefore, this study aims to 
compare the effects of resistance and power training on univer-
sity students’ maximal strength.

A unique aspect of this study is the use of identical exercises 
across two phases. Phase 1 applied the “3-second rule” for con-
trolled repetitions, while phase 2 focused on high-speed repeti-
tions within 20 seconds. Muscle strength and body composition 
were measured pre-, mid-, and post-intervention to assess 
training effects.

METHODS

This study involved 57 male and female students from Soga-
ng University (mean age, 22.04 years). This study was ap-
proved by the Institutional Review Board at Sogang University 
(SGUIRB-A-1808-44) and all participants signed an informed 
consent form. Body composition (height, weight, muscle mass, 
%body fat) was measured using InBody (InBody Co.) at three 
time points (Table 1).

Experimental design and procedure
A 12-week repeated-measures design was used, with 24 sessions 
held twice weekly. The first 6 weeks focused on resistance train-
ing with controlled concentric and eccentric phases (“3-second 
rule”), and the last 6 weeks on power training with explosive 
movements.

Participants were assessed at:
- T1 (pre): 1RM/repetition test+InBody
- T2 (mid): post-resistance training
- T3 (post): post-power training

Exercise program structure
Twelve exercises were used:

- �1RM-based (8): leg press, leg curl, leg extension, shoulder 
press, chest press, fly, lat pull down, seated row

- �Repetition-based (4): leg raise, sit-up, back extension, kettle-
bell

In phase 1, 1RM exercises followed the 3-second tempo, and 
repetitions were counted over 1 minute. Repetition-based exer-
cises were done at a self-paced max effort for 1 minute. In phase 
2, all exercises were performed as fast as possible for 20 seconds 
using the same load. Sessions included warm-up and cooldown, 
supervised by exercise specialists.

Statistical analysis
SPSS ver. 25.0 (IBM Corp.) was used. Means, standard devi-
ations, repeated measures ANOVA, and paired t-tests were 
applied. For statistical analysis, Friedman repeated measures 
ANOVA (a non-parametric test) and paired t-tests were con-
ducted for each exercise type. Missing data were handled by 
listwise deletion. Significance was set at α=0.05.

RESULTS

Analysis of one-repetition maximum-based exercises
All eight 1RM-based exercises showed statistically significant 
improvements across time (P<0.001), with paired t-tests con-
firming gains from T1 to T3 (Fig. 1). This supports the effec-
tiveness of power training on maximal strength. In contrast, 
some repetition-based exercises (leg raise, back extension, 
kettlebell) showed no significant improvement, possibly due to 
limited neuromuscular adaptation, core-focused nature, and 
inconsistent protocols between phases.

Analysis of repetition-based exercises
Sit-up and leg raise improved significantly (P<0.05) (Fig. 2). 
Back extension showed marginal significance, while kettlebell 
showed a Friedman effect but lacked paired t-test significance. 
Technical difficulty and execution variability likely influenced 

Table 1. Categorization of statistical methods used in the analysis 
Statistical procedure Included columns Description
Mean and standard deviation T1 mean, T3 mean Summary of pre- and post-test mean values
Repeated measures ANOVA Friedman χ2, P-value, N (repeated measures ANOVA) Analysis of changes across three time points
Paired t-test t-statistic, P-value, N (paired t-test) Statistical comparison between T1 and T3
Missing value handling (listwise) N (repeated measures ANOVA), N (paired t-test) Valid sample sizes after listwise deletion of missing values

N, valid sample size; T1, pre-exercise; T3, post-exercise.
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Fig. 1. Trends in mean one-repetition maximum (1RM) changes 
by exercise type. T1, pre-exercise; T2, mid-exercise; T3, post-
exercise.

Fig. 2. Changes in performance by exercise for repetition-
based movements. T1, pre-exercise; T2, mid-exercise; T3, post-
exercise.

Fig. 3. Comparison of improvement rates by exercise from T1 (pre-exercise) to T3 (post-exercise).

Fig. 4. Time-series changes in skeletal muscle mass (SMM) 
among male and female participants. T1, pre-exercise; T2, mid-
exercise; T3, post-exercise.

Fig. 5. Time-series changes in body fat percentage (BF%) among 
male and female participants. T1, pre-exercise; T2, mid-exercise.
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these outcomes.

Improvement summary
Most 1RM exercises improved by over 100%, while endurance 
exercises had lower gains. Fig. 3 visualizes all exercise-specific 
improvements.

Body composition
Muscle mass increased significantly overall, with male partic-
ipants showing a slight decrease in body fat (Fig. 4, 5). These 
trends are attributed to hormonal/metabolic responses to train-
ing.

Statistical overview
Table 2 summarizes key results for all exercises. The leg exten-
sion showed high significance (χ2=49.79, t(30)=–8.97, P<0.001). 
Non-parametric methods were used when normality was vio-
lated. Training phases were clearly differentiated: the first phase 
applied time-under-tension (3-second rule), and the second 
emphasized explosive 20-second bouts. Performance differenc-
es, especially in kettlebell work, suggest the importance of both 
neuromuscular stimulus and technical proficiency.

DISCUSSION

This study investigated the effects of resistance and power 
training on maximal strength (1RM), endurance performance 
(repetition-based), and body composition (skeletal muscle 
mass and body fat percentage) in a population of university stu-
dents. Among the 12 exercises evaluated, 11 showed significant 

improvements, with particularly notable performance gains 
observed in exercises such as leg extension, chest press, and sit-
up. The average improvement rate for the 1RM-based exercises 
exceeded 100%, indicating a pronounced effect of the training 
intervention over a relatively short period.

Resistance training has been shown to enhance muscle 
hypertrophy, neuromuscular efficiency, and muscle fiber 
cross-sectional area [13]. In contrast, power training emphasiz-
es explosive speed and fast-twitch fiber recruitment, aiming to 
maximize repetitions within a short time window. In this study, 
both forms of training contributed to improved strength out-
comes. Given that resistance and power training were applied 
sequentially rather than as isolated sessions, the observed ef-
fects may be interpreted as resulting from a combined or hybrid 
training model.

Skeletal muscle mass changes differed by sex; male partici-
pants generally showed consistent increases, whereas female 
participants displayed maintenance or slight decreases after the 
second measurement. This pattern is likely related to hormonal 
differences [14] and muscle fiber distribution characteristics, 
aligning with previous findings that men exhibit more rapid 
muscular adaptations to high-load training. Body fat percentage 
gradually decreased in both sexs, presumably due to increased 
energy expenditure and enhanced metabolic efficiency.

Not all exercises showed improvement, however. The ket-
tlebell exercise was the only activity that exhibited a decline in 
average repetitions, a result that was not statistically significant. 
This outcome may be attributed to the technical difficulty of the 
movement, insufficient individual proficiency, or inconsisten-
cies in exercise intensity prescription [15]. Accumulated fatigue 

Table 2. Statistical analysis results by exercise type 

Exercise
Friedman χ2  

(repeated measures 
ANOVA)

P-value  
(repeated measures 

ANOVA)

N  
(repeated measures 

ANOVA)
T1 mean T3 mean t-statistic 

(paired t-test)
P-value  

(paired t-test)
N  

(paired t-test)

Leg press 44.486 <0.001 30 43.55 88.84 –7.114 <0.001 31
Leg curl 38.71 <0.001 31 13.23 27.19 –6.673 <0.001 31
Leg extension 49.791 <0.001 31 19.35 46.94 –8.972 <0.001 31
Shoulder press 43.521 <0.001 30 14.03 29.32 –5.84 <0.001 31
Chest press 50.643 <0.001 30 18.55 44.35 –9.628 <0.001 31
Fly 43.146 <0.001 30 13.39 27.48 –6.093 <0.001 31
Lat pull down 38.242 <0.001 29 19.5 34.8 –6.706 <0.001 30
Seated row 35.958 <0.001 28 20.52 38.1 –7.433 <0.001 29
Leg raise 8.237 0.0163 15 19.5 25.75 –2.188 0.0449 16
Sit-up 17.238 <0.001 16 14.56 27.69 –4.132 <0.001 16
Back extension 8.842 0.012 15 18.88 26.0 –3.148 0.0066 16
Kettlebell 11.828 0.0027 15 28.93 26.33 1.033 0.319 15

N, valid sample size; T1, pre-exercise; T3, post-exercise.
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and reduced movement accuracy may also have influenced the 
decrease in performance [16]. These findings highlight the need 
to reassess exercise-specific responsiveness and ensure clearly 
defined quantification criteria during program design.

Furthermore, among the repetition-based exercises, both 
leg raise and back extension did not exhibit statistically signif-
icant changes. This may be attributed to the inherent difficulty 
in providing a uniform training stimulus across participants. 
Specifically, the leg raise exercise involves lower abdominal ac-
tivation without upper body stabilization, making performance 
highly dependent on individual core strength levels [17]. In the 
case of the back extension, variations in range of motion and 
the degree of bodyweight support across individuals hinder 
precise quantification of repetitions [18]. These factors likely 
contributed to the lack of statistical significance, suggesting the 
need for more refined intensity control methods for such exer-
cises in future studies.

The results of this study show that resistance exercise effec-
tively enhances muscular strength [19]. Furthermore, incorpo-
rating aerobic components into the training program appears 
to promote broader functional improvements [20]. This study 
provides empirical evidence that short-term, high-intensity in-
terventions can significantly enhance maximal strength even in 
healthy college populations.

Nonetheless, several limitations should be acknowledged. 
First, the use of voluntary participants may limit the gener-
alizability of the findings. Second, the independent effects of 
resistance and power training could not be fully isolated due 
to the sequential design of the intervention. Third, potential 
confounding variables such as prior training experience and 
physical activity levels outside the study were not controlled. 
Additionally, missing data were present for certain exercises and 
were addressed using listwise deletion.

Despite these limitations, the study presents a practical ex-
ercise program model aimed at improving maximal strength 
and endurance in a general college student population. The 
circuit-style intervention—incorporating a mix of strength- and 
repetition-based exercises—is suitable even for beginners and 
can be adapted for personalized programming based on sex and 
body composition.

A key strength of the study lies in its unique experimental de-
sign, which applied different training modalities to the same set 
of exercises. In the first phase, resistance training was conducted 
using the “3-second rule,” with each repetition performed over 
1 minute at a controlled tempo (1.5 seconds concentric+1.5 sec-

onds eccentric). In the second phase, the same exercises were 
performed for 20 seconds using a power training format aimed 
at maximal repetition. By distinguishing between 1RM-measur-
able exercises (8 types) and repetition-based exercises (4 types), 
the study was able to comprehensively evaluate both strength 
and muscular endurance. This approach enabled a clear investi-
gation into the combined effects of movement speed, duration, 
and repetition count on muscle development. It also provided a 
basis for examining the interaction between maximal strength 
and muscular endurance. Such a distinction is expected to 
serve as a meaningful framework not only for understanding 
improvements in muscular strength, but also for identifying 
neuromuscular and metabolic responses that differ according to 
training modality. Ultimately, the experimental framework sug-
gests that a hybrid training program—combining resistance and 
power components—may yield superior outcomes compared to 
using either approach in isolation.

Practical implications and recommendations
Based on the findings of this study, the following practical 

recommendations are proposed:
1) �A combined circuit training program incorporating both 

resistance and power exercises is effective for improving 
physical fitness in university students.

2) �Individualization of training variables such as intensity and 
repetitions is essential, taking into account sex and baseline 
fitness levels.

3) �Technically demanding exercises (e.g., kettlebell move-
ments) should be accompanied by proper instruction and 
repeated practice to ensure safety and efficacy.

4) �Future studies should control for external factors such as 
training cycle, intensity modulation, dietary habits, and 
psychological motivation.

5) �Longitudinal research is needed to assess the sustainability 
and long-term maintenance of training effects.
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ABSTRACT
Background: This study explores whether resilience mediates the effect of depression on suicidal ideation among older adults living 
alone. It aims to clarify the role of resilience as a psychological protective factor and provide foundational data for developing suicide 
prevention strategies tailored to this vulnerable population.
Methods: Eighty-four older adults aged 70–80 years, living alone and receiving specialized senior care services in three Korean local-
ities, participated in the study. Depression was assessed using the Geriatric Depression Scale, suicidal ideation with the Scale for Sui-
cidal Ideation, and resilience using the resilience subscale of the Psychological Capital Questionnaire. SPSS 28.0 was used to conduct 
descriptive statistics, correlation analysis, multiple regression analyses following the Baron and Kenny causal-steps approach, and the 
Sobel test to assess mediation effects.
Results: Depression was positively correlated with suicidal ideation (r=0.287, P<0.01) and negatively correlated with resilience (r= 
–0.315, P<0.01). Suicidal ideation also showed a significant negative correlation with resilience (r=–0.359, P<0.01). Multiple regres-
sion analyses following the Baron and Kenny causal-steps approach confirmed that resilience partially mediated the relationship be-
tween depression and suicidal ideation. The Sobel test supported this result (Z=2.042, P<0.05), indicating that resilience functions as 
a psychological buffer.
Conclusions: This study confirms the importance of resilience in reducing suicidal ideation among older adults living alone. The find-
ings highlight the need for effective, multidimensional intervention strategies that enhance resilience, not only through psychological 
approaches but also through broader policy and environmental support.

Keywords: Psychological resilience, Depression, Suicide prevention, Protective factors, Aged

INTRODUCTION

South Korea has rapidly advanced to become the world’s 
13th-largest economy; however, it faces a serious social issue as 
the country with the highest suicide rate among Organisation 

for Economic Co-operation and Development (OECD) nations. 
According to Statistics Korea [1], the suicide rate in 2023 was 
27.3 per 100,000 population, an increase of 2.2 from the previ-
ous year. Suicide remains the leading cause of death by external 
factors across all age groups aged 10 and above, highlighting the 



severity of the problem. Notably, the suicide rates are highest 
among those aged 80 and older (59.4 per 100,000) and those in 
their 70s (39.0 per 100,000), underscoring the growing suicide 
issue in the elderly population.

Among them, older adults living alone are considered a 
particularly vulnerable group to depression and suicide risk 
due to complex factors such as social isolation, chronic illness, 
and loneliness. According to the 2023 national survey on older 
adults [2] conducted by the Ministry of Health and Welfare, 2% 
of older adults living alone reported having experienced suicid-
al thoughts, which is four times higher than that of older adults 
living with a spouse (0.5%) and approximately 3.3 times higher 
than those living with children (0.6%). Loneliness accounted for 
the highest proportion of reasons for suicidal ideation (28.3%), 
and the prevalence of depressive symptoms (16.1%) was more 
than twice as high as that of older adults living with a spouse 
(7.8%). These findings indicate that older adults living alone 
constitute a high-risk group for suicide, drawing attention to 
the relationship between depression and suicidal ideation in 
this population.

However, not all experiences of depression lead to suicidal 
ideation. In the same survey, while 16.1% of older adults living 
alone reported experiencing depression, only 2.0% reported 
having suicidal thoughts. This suggests the presence of psycho-
logical protective factors that prevent the progression from de-
pression to suicidal ideation, even when individuals are exposed 
to various stressors. Identifying such protective factors provides 
a crucial theoretical foundation for developing practical inter-
vention strategies for suicide prevention.

Recently, resilience has attracted attention as one of the key 
psychological protective factors. Resilience refers to an indi-
vidual’s ability to respond flexibly and recover psychologically 
when faced with stress or adversity, potentially buffering the 
relationship between depression and suicide. Depression has 
been identified as a major predictor of suicidal ideation [3], 
while resilience has been reported as a protective factor that 
reduces suicidal thoughts [4]. Kwon [5] found a moderating 
effect of resilience in the relationship between depression and 
suicidal intent, and Kim [6] also reported a moderating effect 
of resilience in the relationship between loneliness and suicidal 
ideation among older adults living alone. These findings sug-
gest that resilience may alter the intensity of suicidal responses 
under stressful circumstances.

Additionally, according to Fredrickson’s broaden-and-build 
theory of positive emotions, positive emotions such as joy, in-

terest, contentment, and love promote cognitive flexibility and 
resilience. Increased resilience, in turn, activates positive emo-
tions, facilitating psychological recovery and adaptation [7-9]. 
From this perspective, resilience may function as a protective 
factor in the relationship between depression and suicidal ide-
ation.

These recent research trends indicate an expansion in the 
understanding of suicide from a risk-factor-centered approach 
to one that emphasizes protective factors. However, in South 
Korea, studies focusing on protective factors among high-risk 
groups such as older adults living alone remain limited.

Meanwhile, previous studies on resilience have primarily 
reported its buffering effect, whereby resilience moderates the 
intensity of the response between depression and suicidal ide-
ation. However, there is a lack of domestic research examining 
the mediating role of resilience in the relationship between de-
pression and suicidal ideation among older adults living alone. 
Therefore, this study focuses on the possibility that resilience 
functions not merely as a moderator of effect strength but as 
an internal psychological mechanism operating in the process 
through which depression leads to suicidal ideation.

Accordingly, this study aims to gain a deeper understanding 
of the internal psychological mechanism of resilience by explor-
ing whether depression influences resilience, which in turn acts 
as a mediating factor affecting suicidal ideation. Through this, 
the study seeks to elucidate the psychological mechanism of re-
silience influencing suicidal ideation among older adults living 
alone and to provide foundational data for the development of 
effective suicide prevention interventions based on resilience.

METHODS

Study design
This study employed a cross-sectional survey design to exam-
ine the impact of depression on suicidal ideation among older 
adults living alone and to explore the mediating role of resil-
ience in this relationship.

Participants
The participants in this study were adults in their 70s and 80s 
who were living alone and registered with Senior Customized 
Care Service institutions in three local municipalities in South 
Korea. Based on statistical evidence that suicide rates are high-
est among individuals in their 70s and 80s across all age groups 
[1], this study conducted a survey targeting older adults within 
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this age range. All participants were fully informed about the 
purpose of the study and voluntarily provided written consent 
to participate. The required sample size was calculated using 
G*Power 3.1 software to ensure the adequacy for hierarchical 
regression analysis. The parameters were set as an effect size of 
0.15, a significance level (α) of 0.05, and statistical power (1–
β) of 0.80, resulting in a minimum required sample size of 68. 
A total of 90 questionnaires were collected; after excluding six 
responses due to low response reliability, data from 84 partici-
pants were included in the final analysis.

Measures

Suicidal ideation
Suicidal ideation was assessed using the Scale for Suicidal Ide-
ation developed by Beck et al. [10] and adapted into Korean by 
Shin et al. [11]. The scale comprises 19 items, each rated on a 
3-point Likert scale. Total scores range from 0 to 38, with high-
er scores indicating greater suicidal ideation. Among adults, 
a score of 9 or above is generally interpreted as reflecting a 
heightened level of suicidal ideation compared to age-matched 
norms. The Scale for Suicidal Ideation was reported as Cron-
bach’s α=0.87 in Shin et al.’s study [11] and 0.91 in the present 
study.

Depression
Depression was assessed using the Geriatric Depression Scale 
developed by Sheikh and Yesavage [12] and adapted into Ko-
rean by Park et al. [13]. The scale comprises of 15 items with 
dichotomous responses coded as “yes” (1 point) or “no” (0 
points). Total scores range from 0 to 15, with higher scores re-
flecting greater depressive symptoms. A score of 6 or above is 
generally interpreted as indicative of clinically relevant depres-
sion. The Geriatric Depression Scale was reported as Cronbach’s 
α=0.94 in Sheikh and Yesavage’s study [12] and 0.61 in the pres-
ent study.

Resilience
Resilience was assessed using the resilience subscale (5 items) 
of the Psychological Capital Questionnaire originally developed 
by Luthans et al. [14] and subsequently adapted and revised by 
Kwon [5]. The original scale questionnaire comprises four sub-
scales: self-efficacy, hope, optimism, and resilience; however, 
this study employed only the resilience subscale in accordance 
with the research objectives. Items were rated on a 5-point 

Likert scale 1 (strongly disagree) to 5 (strongly agree), with total 
scores ranging from 5 to 25. Higher scores indicate a greater 
level of resilience. The reliability of the resilience subscale was 
reported as Cronbach’s α=0.91 in Kwon’s study [5] and 0.70 in 
the present study.

General characteristics
This study included five general characteristic variables—sex, 
age, educational level, health status, and income level—that 
have been reported in previous studies to influence suicidal be-
havior among older adults living alone [2].

Data collection
Data was collected between January 2 and January 31, 2025, 
from 84 older adults aged 70 to 80 years who live alone and vol-
untarily consented to participate in the study. Participants were 
recruited from specialized service providers affiliated with three 
local municipalities in South Korea.

Data analysis
Data was analyzed using IBM SPSS Statistics for Windows, Ver-
sion 28.0. The following statistical procedures were employed:

1) �Descriptive statistics (means and standard deviations) were 
calculated to assess levels of depression, suicidal ideation, 
and resilience among the participants.

2) �Independent t-tests and one-way ANOVA were used to 
examine differences in key variables according to general 
characteristics.

3) �Pearson correlation analysis was performed to explore the 
relationships among the main variables.

4) �Multiple regression analyses following the Baron and Ken-
ny causal-steps approach analysis and the Sobel test were 
performed to verify the mediating effect of resilience in the 
relationship between depression and suicidal ideation.

Ethical consideration
Prior to data collection, ethical approval for this study was ob-
tained from the Institutional Review Board (IRB) of Gachon 
University, with which the researcher is affiliated (IRB Approval 
No.: 1044396-202410-HR-175-01). All research procedures 
were conducted in accordance with established ethical stan-
dards for human subjects research.
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RESULTS

General characteristics of participants
The general characteristics of the 84 participants in this study 
are as follows. The majority were female, accounting for 82.1% 
(n=69), while males comprised 17.9% (n=15). In terms of age, 
64.3% (n=54) were in their 70s, and 35.7% (n=30) were in their 
80s, indicating a higher proportion of participants in their 70s. 
Regarding educational background, the largest groups were 
those with no formal education and those who had completed 
elementary school, each accounting for 32.1% (n=27), suggest-
ing that the participants generally had low educational attain-
ment. Regarding perceived health status, 69.0% (n=58) reported 
their health as “poor.” For monthly income, the most frequently 
reported range was between 400,000 and 800,000 KRW, cited by 
66.7% (n=56) of participants (Table 1).

Differences in depression and suicidal ideation accord-
ing to general characteristics
An analysis of depression scores by participants’ sociodemo-
graphic characteristics revealed no statistically significant differ-
ences by sex (t=0.349, P=0.728), age group (t=0.746, P=0.458), 
education level (F=1.305, P=0.275), perceived health status 
(F=2.205, P=0.117), or monthly income (F=1.928, P=0.152) 
(Table 1).

Similarly, suicidal ideation did not differ significantly by sex 
(t=1.759, P=0.082), age group (F=1.107, P=0.296), education 
level (F=1.018, P=0.403), perceived health status (F=0.201, 

P=0.818), or monthly income (F=1.747, P=0.181). These find-
ings suggest that the sociodemographic variables examined in 
this study were not significantly associated with differences in 
depression or suicidal ideation among older adults living alone 
(Table 1).

Levels and correlations among depression, suicidal ide-
ation, and resilience
The mean scores for the main variables were as follows: depres-
sion, 9.33±2.44; suicidal ideation, 13.06±7.73; and resilience, 
15.52±3.88 (Table 2). Pearson correlation analysis revealed a 
significant positive correlation between depression and suicidal 
ideation (r=0.287, P<0.01), as well as significant negative cor-
relations between depression and resilience (r=−0.315, P<0.01) 
and between suicidal ideation and resilience (r=−0.359, P<0.01) 
(Table 2). These results indicate that higher levels of depression 
are associated with increased suicidal ideation and lower resil-
ience, while higher resilience is associated with lower suicidal 
ideation.

Table 1. General characteristics of participants (n=84) 

Characteristic Category n (%)
Depression Suicidal ideation

t P t P
Sex Male 15 (17.9) 0.349 0.728 1.759 0.082

Female 69 (82.1)
Age (yr) 70s group 54 (64.3) 0.746 0.458 1.107 0.296

80s group 30 (35.7)
Education level No formal education (illiterate) 27 (32.1) 1.305 0.275 1.018 0.403

Elementary school graduate 27 (32.1)
Middle school graduate 12 (14.3)
High school graduate 14 (16.7)
College graduate or higher 4 (4.8)

Perceived health status Poor health 58 (69.0) 2.205 0.117 0.201 0.818
Fair health 17 (20.2)
Good health 9 (10.7)

Income (won) Under 400,000 11 (13.1) 1.928 0.152 1.747 0.181
From 400,000 to 800,000 56 (66.7)
80,000 or more 17 (20.2)

Total 84 (100)

The sum of the percentages does not equal 100% because of rounding.

Table 2. Means, SDs, and correlations of key variables (n=84) 

Variable Mean±SD Depression Suicidal  
ideation Resilience

Depression 9.33±2.44 1
Suicidal ideation 13.06±7.73 0.287** 1
Resilience 15.52±3.88 –0.315** –0.359** 1

SD, standard deviation.
**P<0.01.
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Mediating effect of resilience on the relationship be-
tween depression and suicidal ideation
To examine the mediating effect of resilience on the relationship 
between depression and suicidal ideation among older adults, 
this study employed the hierarchical regression approach pro-
posed by Baron and Kenny [15]. The statistical significance of 
the mediating effect was further verified using the Sobel test.

The mediation analysis followed Baron and Kenny’s three-
step procedure. In the first step, the effect of the independent 
variable (depression) on the mediating variable (resilience) was 
tested. In the second step, the effect of depression on the depen-
dent variable (suicidal ideation) was examined. In the third step, 
both depression and resilience were simultaneously entered into 
the regression model to assess their respective effects on suicid-
al ideation, thereby determining whether resilience mediated 
the relationship between depression and suicidal ideation.

In the first step of the mediation analysis, depression had a 
significant negative effect on resilience (t=–3.005, P<0.01), ac-
counting for 8.8% of the variance in resilience. The model was 
statistically significant (F (1, 82)=9.031, P<0.01). In the second 
step, depression exhibited a significant positive effect on suicid-
al ideation (t=2.713, P<0.01), explaining 7.1% of the variance. 
This model was also statistically significant (F (1, 82)=7.358, 
P<0.01). In the third step, when both depression and resilience 
were entered simultaneously into the regression model, resil-
ience demonstrated a significant negative effect on suicidal 
ideation (t=–2.781, P<0.01), while the effect of depression on 
suicidal ideation was reduced to marginal significance (t=1.802, 
P<0.05). The Sobel test further confirmed the significance of 
the mediating effect, yielding a Z-value of 2.042 (P<0.05). These 
findings indicate that resilience partially mediates the relation-
ship between depression and suicidal ideation (Table 3, Fig. 1).

DISCUSSION

The main purpose of this study was to explore whether resil-
ience mediates the relationship between depression and suicidal 

ideation among older adults living alone. The main findings are 
discussed as follows.

First, an analysis of participants’ demographic characteristics 
revealed that the majority were female (82.1%, n=69), with the 
most represented age group being those in their 70s (64.3%). 
Regarding educational attainment, illiteracy and elementary 
school education were the most prevalent, each comprising 
32.1% of the sample, followed by middle school, high school, 
and college graduates in descending order.

In terms of perceived health status, 69.0% of participants 
rated their health as “poor,” and the most frequently report-
ed monthly income was between 400,000 and 800,000 KRW 
(66.7%). These findings suggest that the older adults living 
alone in this study were characterized by low levels of educa-
tion, poor perceived health, and financial hardship. Moreover, 
the average scores for depression and suicidal ideation were 
9.33±2.44 and 13.06±7.73, respectively, both exceeding the clin-
ical cutoff points for risk (≥6 for depression and ≥9 for suicidal 
ideation). These results indicate that this population is at ele-
vated risk for both depression and suicidal ideation, potentially 
influenced by intersecting factors such as limited educational 
attainment, health vulnerability, and economic deprivation—
findings that align with prior research [2].

Second, the analysis of differences in depression and suicidal 
ideation by demographic characteristics revealed no statistically 
significant differences across any of the examined variables, 

Table 3. Mediating effect of resilience on the influence of depression on suicidal ideation 

Independent variable Dependent variable B SE β t F (P) R2 Adj. R2

Step 1 Depression Resilience –0.503 0.167 –0.315 –3.005 9.031** 0.099 0.088
Step 2 Depression Suicidal ideation 0.910 0.335 0.287 2.713 7.358** 0.082 0.071
Step 3 Depression Suicidal ideation 0.612 0.340 0.193 1.802 7.847** 0.016 0.014

Resilience –0.592 0.213 –0.298 –2.781

Adj., adjusted; SE, standard error.
**P<0.01, Sobel test statistic: 2.042, P<0.05.

Suicidal ideation

Resilience

Depression

*P<0.05, **P<0.01 
Direct effect: effect=0.287**
Indirect effect (via resilience): effect=0.193*

–0.315** –0.298**

0.287**→0.193*

Fig. 1. Mediating effect of resilience on depression and suicidal 
ideation in older adults living alone.
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including sex, age group, educational level, perceived health sta-
tus, and income. This finding suggests that, among older adults 
living alone aged 70 and above, the levels of depression and sui-
cidal ideation may be more strongly influenced by psychologi-
cal rather than demographic factors [16]. These findings imply 
that while demographic background should be considered 
in interventions addressing depression and suicidal ideation 
among elderly living alone, interventions focusing primarily on 
intrapersonal psychological resources—such as resilience—and 
psychosocial factors may be more effective.

Third, correlation analysis among the key variables demon-
strated that depression was significantly positively correlated 
with suicidal ideation (r=0.287, P<0.01) and significantly neg-
atively correlated with resilience (r=–0.315, P<0.01). These 
results indicate that higher levels of depression are associated 
with increased suicidal ideation and lower levels of resilience. 
Furthermore, suicidal ideation was significantly negatively 
correlated with resilience (r=–0.359, P<0.01), suggesting that 
individuals with greater resilience tend to report lower levels of 
suicidal ideation.

These findings support the conceptualization of resilience 
as a protective psychological resource that mitigates the ad-
verse effects of depression and suicidal ideation among older 
adults living alone. They underscore the potential value of re-
silience-enhancing interventions in suicide prevention efforts 
within this population.

Lastly, the analysis of the mediating effect of resilience on the 
relationship between depression and suicidal ideation among 
older adults living alone confirmed that resilience partially me-
diates this relationship. This finding suggests that depression 
influences suicidal ideation indirectly through the psychological 
resource of resilience, rather than exerting a direct effect. These 
findings are consistent with previous studies [17] that reported 
a negative association between resilience and suicidal ideation, 
as well as evidence indicating that ego-resilience significantly 
impacts suicidal ideation [4,6,18].

On the other hand, Kwon [5] reported that resilience func-
tions as a moderator in the relationship between depression and 
suicidal ideation among older adults, which differs functionally 
from the mediating effect identified in this study. This discrep-
ancy can be understood by distinguishing between buffering 
effects and indirect effects, which represent distinct functional 
pathways. Nevertheless, both perspectives underscore resilience 
as a psychological protective factor. In this study, resilience 
was identified as a mediating mechanism that attenuates the 

pathway through which depression leads to suicidal ideation. 
This finding contrasts with the pathway in which hopelessness 
elevates suicide risk [16] and further underscores resilience as a 
critical psychological resource for suicide prevention. Relatedly, 
Cross [19] defined resilience as the emotional recovery capac-
ity that protects against suicide risk by enabling individuals to 
withstand and recover from stressful situations. Furthermore, 
Cha and Lee [18] reported that problem-solving ability, a com-
ponent of resilience, plays a role in reducing suicidal ideation. 
These findings reaffirm that resilience is a key psychological 
resource that alleviates suicide risk.

Meanwhile, recent studies have expanded the concept of re-
silience beyond individual internal traits to a more multidimen-
sional, system-wide capacity for recovery. Peeters et al. [20] re-
defined resilience as the ability of a system to recover and adapt 
after exposure to stressors and proposed understanding it from 
a multilevel (systemic) perspective. Specifically, to support re-
silience in older adults with cognitive decline, they emphasized 
the need for integrated strategies at the macro level, including 
organizational, policy, and community resources, going beyond 
psychological and cognitive interventions. This perspective sug-
gests that interventions aimed at enhancing resilience should 
extend beyond simple individual-centered approaches to more 
practical and feasible multidimensional strategies.

Therefore, given that resilience was identified as a significant 
mediating variable in the relationship between depression and 
suicidal ideation among older adults aged 70 and above living 
alone, the development of integrated intervention strategies at 
both micro and macro levels is warranted to enhance resilience 
in this population. For physically and economically vulnerable 
older adults living alone, individual psychological counseling 
or cognitive training alone may be insufficient to effectively 
strengthen resilience. Accordingly, a multidimensional, com-
munity-based approach should be implemented in parallel to 
address the complex and interrelated factors contributing to 
suicide risk.

Based on the above discussion, the following recommenda-
tions are proposed. First, resilience has been identified as a key 
psychological protective factor that buffers the effects of de-
pression and suicidal ideation among older adults aged 70 and 
above who are at risk of dying alone. Future research should 
focus on developing and evaluating multidimensional interven-
tion strategies aimed at enhancing resilience in this population. 
It is particularly essential to design integrated approaches that 
extend beyond individual-level interventions to encompass 
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community-based and policy-level strategies, thereby address-
ing the broader structural and social determinants of mental 
health and suicide risk. At the micro level, employing positive 
psychology and cognitive-behavioral strategies may enhance 
cognitive, emotional, and behavioral coping abilities in response 
to stressful situations, thereby strengthening resilience. This 
suggests that individual-level interventions focusing on psycho-
logical resources can play a pivotal role in suicide prevention 
among older adults living alone. At the macro level, more real-
istic policies are needed at the national level to ensure that older 
adults living alone can lead safe lives within their communities. 
Housing, health, and welfare policies are crucial, as are econom-
ic policies that can guarantee basic living standards. Building on 
these, we must establish a social structure that ensures adequate 
care within the community.

Second, this study focused on older adults aged 70 and above 
living alone who were receiving the government’s specialized 
tailored care services—an identified high-risk group character-
ized by elevated levels of depression and suicidal ideation.

Therefore, psychological protective factors such as resilience 
identified in this study can serve as foundational data for evalu-
ating the effectiveness of future specialized services and for de-
veloping related programs aimed at high-risk older adults living 
alone.

Meanwhile, this study has several limitations. First, the sam-
ple was limited to recipients of the national specialized care ser-
vices in three selected local government areas, which restricts 
the generalizability of the findings.

Additionally, due to practical challenges in recruiting older 
adults living alone, data collection was conducted over a rela-
tively short period. These factors necessitate caution in inter-
preting the results. Future research should consider expanding 
the survey area nationwide and allocating sufficient time to 
include samples with more diverse characteristics and back-
grounds, thereby enhancing the reliability and validity of the 
study. Lastly, this study tested the mediating effect of resilience 
on depression and suicidal ideation among older adults based 
on a limited sample size (n=87). However, it is necessary to fur-
ther examine the moderated mediating effect of resilience on 
depression and suicidal ideation in later life, taking into account 
potential moderators not identified in this study, and to verify 
these effects through longitudinal research that captures chang-
es over time.
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ABSTRACT
Background: Fear of cancer recurrence (FCR) is a prevalent psychological concern among cancer survivors, closely linked to dimin-
ished health-related quality of life (HRQoL) and increased psychological distress. However, its impact on health-related behaviors re-
mains poorly understood. This study investigated associations between FCR, HRQoL, psychological distress, and health-related behav-
iors in a diverse cancer survivor population.
Methods: This cross-sectional study analyzed data from 326 adult cancer survivors across diverse cancer types. FCR was assessed us-
ing four items addressing concern about recurrence, metastasis, second cancer, and follow-up and participants were classified as high 
FCR. HRQoL was evaluated using the EuroQol 5-Dimension Questionnaire (EQ-5D), EuroQol Visual Analogue Scale (EQ-VAS), and Eu-
ropean Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30); psychological 
symptoms were measured by the 9-item Patient Health Questionnaire (PHQ-9) and 7-item Generalized Anxiety Disorder scale (GAD-
7). Health-related behaviors included recent screening, vaccination, and physical activity. Linear regression was used for continuous 
outcomes and logistic regression for binary outcomes, controlling for demographic and clinical covariates.
Results: Participants with high FCR demonstrated significantly poorer HRQoL across multiple domains, including Global Health Sta-
tus/Quality of Life (β=–10.56, 95% confidence interval [95% CI]: –14.82 to –6.29, P<0.001), physical functioning (β=–7.04, P<0.001), 
and emotional functioning (β=–12.86, P<0.001). They also reported greater fatigue (β=11.11, P<0.001), pain (β=9.85, P<0.001), and 
financial difficulty (β=17.32, P<0.001). High FCR was strongly associated with depressive (PHQ-9: β=3.10, P<0.001) and anxiety 
symptoms (GAD-7: β=2.70, P<0.001). In contrast, no significant associations were found between FCR and health-related behaviors.
Conclusions: High FCR is strongly associated with impaired HRQoL and increased psychological distress but does not translate into 
increased engagement in preventive health behaviors. These findings underscore the need for integrated interventions addressing 
both emotional and behavioral aspects of survivorship care.

Keywords: Fear of cancer recurrence, Quality of life, Cancer survivors, Health behavior



INTRODUCTION

Advancements in cancer diagnosis and treatment, the ex-
pansion of national screening programs, and growing public 
awareness have led to a steady increase in the number of can-
cer survivors in Korea. As of 2020, approximately 2.56 million 
individuals in Korea had survived cancer, comprising nearly 
5% of the national population, with the proportion of five-
year survivors rising from 38.7% in 2010 to 57.7% in 2020 [1]. 
These trends signal a paradigm shift in the conceptualization of 
cancer—from an acute illness to a chronic condition requiring 
long-term survivorship care.

Even after completing primary treatment, many cancer 
survivors continue to face a variety of physical, psychological, 
and social challenges. Among these, fear of cancer recurrence 
(FCR) has emerged as one of the most common and persistent 
concerns [2-4]. FCR ranges from mild anxiety to clinically sig-
nificant distress, with its intensity varying by cancer type, time 
since diagnosis, sex, and psychosocial characteristics. Excessive 
FCR has been linked to depression, anxiety, insomnia, and 
overall declines in health-related quality of life (HRQoL) [4,5].

FCR may also influence survivors’ health behaviors, although 
the direction and magnitude of its effects remain unclear. For 
instance, a study of young breast cancer survivors revealed that 
individuals with high FCR were more likely to undergo screen-
ing but also engaged in detrimental behaviors such as smok-
ing and alcohol use [6]. Other findings suggest that FCR can 
heighten somatic symptom sensitivity and psychological stress, 
influencing health behaviors and lifestyle management [7]. 
In colorectal cancer survivors, FCR has been associated with 
engagement in preventive behaviors like physical activity and 
smoking cessation [8]. Nevertheless, many prior studies have 
focused on narrow populations, limiting their generalizability. 
Moreover, some evidence indicates that while FCR significantly 
affects psychological functioning and HRQoL, its influence on 
health-related behaviors may be modest [9].

Accordingly, this study utilized data from the pilot phase of 
the Korean Nationwide Survey for Cancer Survivorship, the 
first population-based investigation of FCR in Korean survi-
vors. By including six major cancer types (stomach, colorectal, 
liver, breast, cervical, and lung), the findings are more general-
izable than those of cancer-specific studies. FCR was measured 
using a multidimensional tool covering recurrence, metastasis, 
secondary cancer, and follow-up concerns. This study assessed 
the associations between HRQoL, psychological symptoms, and 

health behaviors, addressing the limitations of prior research 
focused on narrower populations or outcomes. These findings 
inform integrated survivorship care that considers both emo-
tional and behavioral aspects.

METHODS

Study design and participants
This study used data derived from a pilot survey conducted pri-
or to the Korean Nationwide Survey for Cancer Survivorship. 
The pilot survey aimed to evaluate the feasibility of the study 
protocol, refine the questionnaire, and validate the data col-
lection procedures. The survey covered a wide range of topics, 
including treatment history, current health status, quality of life, 
unmet needs, health behaviors, health policy indicators, and 
sociodemographic characteristics.

The eligibility criteria for the study participants were as fol-
lows: adults aged ≥19 years who were diagnosed with one of the 
six major cancers in Korea (stomach, colorectal, liver, breast, 
cervical, or lung cancer) and had survived for at least 1 year 
post-diagnosis. Participants were required to have completed 
primary cancer treatment, such as surgery, chemotherapy, or 
radiotherapy. Exceptions were made for individuals who were 
currently receiving oral chemotherapy without evidence of 
disease progression, who received adjuvant hormonal therapy 
following breast cancer treatment, or who exhibited no disease 
progression after receiving local treatment for liver cancer. In-
dividuals currently undergoing treatment for recurrent or met-
astatic cancer and those diagnosed with terminal stage cancer 
were excluded.

Recruitment was conducted in collaboration with the medi-
cal staff at four institutions in Korea—namely, a national cancer 
center, two major private hospitals, and a regional cancer center. 
A total of 377 participants were enrolled from 6 November 2023 
to 29 March 2024. Data were collected by a professional survey 
agency via either in-person interviews or self-administered 
online questionnaires, based on participant preferences. Out 
of 377 recruited individuals, 339 completed the survey. After 
excluding nine participants with stage IV cancer and four indi-
viduals diagnosed with non-major cancers (e.g., thyroid cancer, 
carcinoid sarcoma), 326 participants were finally included in 
the analysis (Fig. 1).

The study protocol was approved by the Institutional Review 
Board of the Chonnam National University Hwasun Hospital 
(IRB no. CNUHH-2025-073). Informed consent was obtained 
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through face-to-face interviews with trained research nurses 
using a web-based form.

Covariates
Sociodemographic variables included age, sex, marital status, 
educational level, monthly household income, comorbidities, 
and employment status. Marital status was dichotomized into 
“single (including divorced or widowed)” and “married or co-
habiting.” Educational level was categorized into three groups: 
middle school graduate or lower, high school graduate, and 
college graduate or higher. Monthly household income was di-
vided into quartiles. Comorbidity status was assessed based on 
the presence of major chronic conditions and categorized into 
“none” and “one or more.” Employment status was classified 
according to current economic activity as either “employed” or 
“unemployed.”

Cancer-related clinical variables included cancer type, stage, 
treatment history, and time since diagnosis. Cancer types were 
classified as breast, stomach, colorectal, lung, cervical or uter-
ine, and liver. Cancer stage was categorized as stage 0, I, II, or 
III or unknown. Treatment history included surgery, chemo-
therapy, radiotherapy, hormone therapy, and other procedures, 
each treated as a separate binary variable. Time since diagnosis 
was categorized into “1.0 to <4.5 years” and “4.5 to ≤10 years.”

FCR was assessed using four items that evaluated concerns 
regarding regular medical check-ups, the development of a 
second primary cancer, cancer recurrence, and metastasis. 
Each item was rated on a 4-point Likert scale ranging from 1 
(“not at all”) to 4 (“very much”). To classify the level of FCR, 
the number of items rated as 3 (“quite”) or 4 (“very much”) was 
counted. Participants who endorsed a score of 3 or higher on 
two or more items were categorized as having high FCR, where-

as those with fewer than two such responses were classified as 
having low FCR. This classification reflects a multidimensional 
approach to capturing clinically meaningful levels of recur-
rence-related fear across multiple domains [10,11].

Health-related quality of life and psychological distress
HRQoL was assessed using the EuroQol 5-Dimension Ques-
tionnaire (EQ-5D), EuroQol Visual Analogue Scale (EQ-
VAS), and European Organization for Research and Treatment 
of Cancer Quality of Life Questionnaire Core 30 (EORTC 
QLQ-C30, version 3.0).

The EQ-5D [12] assesses five dimensions (mobility, self-care, 
usual activities, pain/discomfort, and anxiety/depression), each 
rated on a 3-point scale. For analysis, responses were dichot-
omized: “no problems” (score=1) coded as 0, and “some” or 
“extreme problems” (scores=2 or 3) coded as 1. The EQ-VAS 
[12] is a 20-cm vertical scale ranging from 0 (worst health) 
to 100 (best health), reflecting self-rated current health. The 
EORTC QLQ-C30 [13] is a 30-item questionnaire developed 
to measure HRQoL in patients with cancer. It comprises the 
three components: the five functional scales, the nine symptom 
scales, and a Global Health Status/Quality of Life (GHS/QoL) 
scale. Each item is rated on a 4-point Likert scale (“not at all” to 
“very much”) or a 7-point scale for GHS/QoL items. All scores 
were linearly transformed to a 0–100 scale, with higher scores 
indicating better functioning on the functional and GHS/QoL 
scales or worse symptoms on the symptom scales. The Korean 
version shows good reliability (Cronbach’s α>0.70 for most sub-
scales; α=0.60 for cognitive function) [14].

Depression was measured using the Korean version of the 
9-item Patient Health Questionnaire (PHQ-9) [15], with scores 
ranging from 0 to 27 and higher scores indicating more severe 
symptoms. The Korean version has high internal consistency 
(α=0.88) [16]. Anxiety was assessed via the 7-item Generalized 
Anxiety Disorder scale (GAD-7) [17], with scores ranging from 
0 to 21, also showing excellent reliability in Korean validation 
studies (α=0.91) [18].

Health-related behaviors
Health-related behaviors were assessed via self-administered 
questionnaires and categorized as change-or status-based.

Change-based behaviors included weight control, alcohol 
consumption, and smoking. Weight-control efforts were as-
sessed using self-reported efforts to reduce, maintain, or gain 
weight over the past year. Alcohol consumption and smoking 

Initial recruitment and informed consent was obtained (n=377)

Excluded: non-responders (n=38)

Excluded:
- Stage IV cancer (n=9)
- Non-targeted cancer types (n=4)

Completed questionnaires (n=339)

Study participants (n=326)

Fig. 1. Flow diagram of participant.
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behaviors were categorized as no change, reduction, cessation 
after diagnosis, or lifelong abstinence. Status-based behav-
iors included recent health check-ups (within 2 years), cancer 
screening (for cancers other than the index cancer), vaccina-
tions (pneumococcal, herpes zoster, and seasonal influenza), 
physical activity, use of complementary and alternative medi-
cine (CAM), and nutritional supplements.

Physical activity was assessed by the number of days per 
week participants walked ≥10 minutes and did strength train-
ing (e.g., push-ups, sit-ups, weightlifting) over the past week, 
categorized as <5 or ≥5 days for walking and <2 or ≥2 days for 
strength training [19] CAM use was assessed as ever or never 
used for cancer treatment after the diagnosis. The current use 
of nutritional supplements, including vitamins and traditional 
remedies, was also recorded.

Statistical analyses
Descriptive statistics are summarized as means with standard 
deviations for continuous variables and frequencies with per-
centages for categorical variables. Group comparisons based on 
FCR were performed using independent t-tests and chi-square 
tests.

To assess association between FCR and HRQoL or psycho-
logical symptoms, multivariate linear and logistic regression 
models were used for continuous and binary outcomes, respec-
tively. All models were adjusted for age, sex, cancer type, cancer 
stage, comorbidities, time since cancer diagnosis, educational 
level, monthly household income, and employment status. 
Multicollinearity was assessed using variance inflation factors; 
all were <1.45. Bonferroni correction was applied for multiple 
comparisons with a significance threshold of P<0.0024.

Associations between FCR and health-related behaviors were 
examined using the chi-squared test. Multivariable logistic re-
gression analyses assessed independent associations between 
each behavior and high FCR (coded 1), adjusting for demo-
graphic and clinical covariates. Each behavior was entered as 
the main independent variable in a separate model, and statisti-
cal significance was set at P<0.05.

All analyses were conducted using Python version 3.11.4 (Py-
thon Software Foundation) [20], with the statsmodels (v0.14.0) 
[21], pandas (v2.0.3) [22], and scikit-learn (v1.3.0) [23] librar-
ies.

RESULTS

Characteristics of the participants
A total of 326 cancer survivors were included in the analysis 
(Table 1), of whom 149 (45.7%) were classified as having high 
FCR and 177 (54.3%) as having low FCR. The mean age of par-
ticipants was 57.5±10.7 years, with the high FCR group being 
younger than the low FCR group (56.3±10.2 years vs. 58.5±11.0 
years). Female accounted for 69.9% of the total sample and were 
slightly more represented in the high FCR group (71.1% vs. 
68.9%). The majority of participants were married or cohabit-
ing (73.6%) and had attained a college-level education or higher 
(55.2%). The distribution of monthly household income was 
relatively even across quartiles. Comorbid conditions were pres-
ent in 30.1% of participants, and 56.1% were employed at the 
time of the survey. Breast cancer was the most common cancer 
type (32.2%), followed by stomach (23.0%) and colorectal can-
cer (15.0%). Most participants had been diagnosed with ear-
ly-stage disease (stage 0–II, 71.8%). Nearly all participants had 
undergone surgery (94.5%), and over half had received chemo-
therapy (49.4%) or radiotherapy (39.6%). Time since diagnosis 
ranged from 1.0 to 10 years, with 53.4% having been diagnosed 
within the past 4.5 years. The mean total FCR score was 9.9±3.3.

There were no statistically significant differences in sociode-
mographic or clinical characteristics between the low and high 
FCR groups (all P>0.05), except for cancer type (P=0.005). Spe-
cifically, breast cancer was more prevalent among participants 
with high FCR (43.6% vs. 22.6%), while colorectal cancer was 
more common in the low FCR group (27.1% vs. 18.1%). The 
distributions of other cancer types showed no clear differences 
between groups.

Health-related quality of life and psychological symp-
toms according to fear of cancer recurrence
Table 2 presents the comparisons of HRQoL and psychological 
symptoms between participants with low and high FCR. After 
adjusting for age, sex, cancer type, cancer stage, comorbidity, 
time since diagnosis, education level, household income, em-
ployment status, and study group, several significant differences 
were observed across multiple domains.

On the EQ-5D, participants in the high FCR group were 
more likely to report problems in pain/discomfort (odds ra-
tio [OR]=2.31, 95% confidence interval [95% CI]: 1.44–3.71; 
P<0.001), and anxiety/depression (OR=4.26, 95% CI: 2.58–7.02; 
P<0.001). The EQ-VAS score was also significantly lower in the 
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Table 1. Baseline characteristics of participants according to FCR status 
Characteristic Overall (n=326) Low FCR (n=177) High FCR (n=149) P-value
Age (yr) 57.5±10.7 58.5±11.0 56.3±10.2 0.061
Sex 0.754
  Male 98 (30.1) 55 (31.1) 43 (28.9)
  Female 228 (69.9) 122 (68.9) 106 (71.1)
Marital status 0.225
  Single 86 (26.4) 52 (29.4) 34 (22.8)
  Married and cohabiting 240 (73.6) 125 (70.6) 115 (77.2)
Educational level 0.529
  Middle school graduate or lower 34 (10.4) 19 (10.7) 15 (10.1)
  High school graduate 112 (34.4) 56 (31.6) 56 (37.6)
  College graduate or higher 180 (55.2) 102 (57.6) 78 (52.3)
Monthly household incomea 0.631
  1Q 84 (25.8) 41 (23.2) 43 (28.9)
  2Q 80 (24.5) 44 (24.9) 36 (24.2)
  3Q 91 (27.9) 50 (28.2) 41 (27.5)
  4Q 71 (21.8) 42 (23.7) 29 (19.5)
Comorbidity 0.754
  0 228 (69.9) 122 (68.9) 106 (71.1)
  ≥1 98 (30.1) 55 (31.1) 43 (28.9)
Employment status 0.975
  Unemployed 143 (43.9) 77 (43.5) 66 (44.3)
  Employed 183 (56.1) 100 (56.5) 83 (55.7)
Cancer type 0.005
  Breast 105 (32.2) 40 (22.6) 65 (43.6)
  Stomach 75 (23.0) 30 (16.9) 19 (12.8)
  Colorectal 49 (15.0) 48 (27.1) 27 (18.1)
  Lung 41 (12.6) 25 (14.1) 16 (10.7)
  Cervical or uterine 31 (9.5) 15 (8.5) 10 (6.7)
  Liver 25 (7.7) 19 (10.7) 12 (8.1)
Cancer stage 0.140
  0 24 (7.4) 17 (9.6) 7 (4.7)
  I 132 (40.5) 68 (38.4) 64 (43.0)
  II 78 (23.9) 38 (21.5) 40 (26.8)
  III 73 (22.4) 40 (22.6) 33 (22.1)
  Unknown 19 (5.8) 14 (7.9) 5 (3.4)
Cancer treatment
  Surgery (yes) 308 (94.5) 168 (94.9) 140 (94.0) 0.894
  Chemotherapy (yes) 161 (49.4) 83 (46.9) 78 (52.3) 0.384
  Radiotherapy (yes) 129 (39.6) 58 (32.8) 71 (47.7) 0.009
  Hormone therapy (yes) 60 (18.4) 22 (12.4) 38 (25.5) 0.004
  Procedure (yes) 8 (2.5) 3 (1.7) 5 (3.4) 0.544
Time since diagnosis (yr) 0.651
  1.0 to <4.5 174 (53.4) 97 (54.8) 77 (51.7)
  4.5 to ≤10 152 (46.6) 80 (45.2) 72 (48.3)
FCR total score (range, 4–16) 9.9±3.3 7.4±1.4 12.9±2.1 <0.001

Values are presented as mean±standard deviation or number (%). FCR was assessed using four items addressing concerns about (1) routine check-ups, 
(2) the development of a second primary cancer, (3) recurrence of the original cancer, and (4) cancer metastasis. Each item was rated on a 4-point Likert 
scale (1=“not at all” to 4=“very much”). High FCR was defined as endorsement of a score ≥3 (“quite a bit” or “very much”) on at least two of the four items, 
reflecting clinically meaningful levels of concern across multiple domains.
FCR, fear of cancer recurrence.
aMonthly household income was divided into quartiles.
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Table 2. Comparison of health-related quality of life and psychological symptoms according to FCR status 

Range Overall (n=326) Low FCR (n=177) High FCR (n=149) Effecte (β or OR [95% CI]) P-value
EQ-5D
  Mobility 0–1 49 (15.0) 21 (11.9) 28 (18.8) 2.03 (1.03 to 3.99) 0.041
  Selfcare 0–1 18 (5.5) 9 (5.1) 9 (6.0) 1.20 (0.45 to 3.25) 0.716
  Usual activity 0–1 75 (23.0) 29 (16.4) 46 (30.9) 2.34 (1.33 to 4.11) 0.003
  Pain/discomfort 0–1 166 (50.9) 72 (40.7) 94 (63.1) 2.31 (1.44 to 3.71) <0.001f

  Anxiety/depression 0–1 164 (50.3) 63 (35.6) 101 (67.8) 4.26 (2.58 to 7.02) <0.001f

EQ-VASa 0–100 70.3±17.6 74.3±16.2 65.6±18.0 –8.66 (–12.55 to –4.77) <0.001f

EORTC QLQ-C30b

  GHS/QoLa 0–100 65.0±19.5 70.2±17.5 58.9±19.9 –10.56 (–14.82 to –6.29) <0.001f

  Functional scalesa

    Physical functioning 0–100 77.7±17.2 81.4±15.5 73.3±18.0 –7.04 (–10.80 to –3.27) <0.001f

    Role functioning 0–100 77.6±24.1 82.1±23.7 72.1±23.6 –9.16 (–14.52 to –3.80) <0.001f

    Emotional functioning 0–100 72.4±21.7 79.3±18.0 64.2±22.9 –12.86 (–17.39 to –8.33) <0.001f

    Cognitive functioning 0–100 74.2±21.1 80.0±15.7 67.3±24.4 –9.82 (–14.24 to –5.40) <0.001f

    Social functioning 0–100 74.3±25.5 81.3±21.5 66.0±27.4 –13.41 (–18.89 to –7.93) <0.001f

  Symptom scalesc

    Fatigue 0–100 38.3±23.0 32.5±20.8 45.3±23.6 11.11 (6.10 to 16.13) <0.001f

    Nausea and vomiting 0–100 11.5±17.3 9.4±16.9 13.9±17.6 4.22 (0.27 to 8.16) 0.036
    Pain 0–100 21.8±23.7 15.9±21.3 28.7±24.6 9.85 (4.78 to 14.91) <0.001f

    Dyspnea 0–100 20.9±24.7 18.1±23.6 24.2±25.7 5.36 (–0.27 to 10.98) 0.062
    Insomnia 0–100 33.7±31.5 25.4±27.8 43.6±32.9 14.51 (7.85 to 21.16) <0.001f

    Appetite loss 0–100 16.0±22.6 13.4±21.4 19.0±23.7 6.01 (0.84 to 11.17) 0.023
    Constipation 0–100 25.1±27.2 22.6±25.2 28.0±29.3 5.44 (–0.84 to 11.72) 0.089
    Diarrhea 0–100 20.9±24.8 20.7±24.8 21.0±24.9 3.23 (–2.14 to 8.59) 0.238
    Financial difficulties 0–100 25.9±29.4 17.1±22.8 36.2±32.9 17.32 (11.19 to 23.44) <0.001f

PHQ-9d 0–27 5.4±5.3 3.8±3.9 7.3±6.0 3.10 (1.99 to 4.22) <0.001f

GAD-7d 0–21 3.9±3.9 2.5±3.0 5.6±4.2 2.70 (1.89 to 3.52) <0.001f

Values are presented as number (%) or mean±standard deviation unless stated otherwise.
CI, confidence interval; EORTC QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30; EQ-
VAS, EuroQol Visual Analogue Scale; EQ-5D, EuroQol 5-Dimension Questionnaire; FCR, fear of cancer recurrence; GAD-7, 7-item Generalized Anxiety 
Disorder scale; GHS/QoL, Global Health Status/Quality of Life; OR, odds ratio; PHQ-9, 9-item Patient Health Questionnaire.
aHigher scores indicate better health status or quality of life. bAll scores were linearly transformed to a 0–100 scale according to the EORTC QLQ-C30 
scoring manual. cHigher scores indicate greater symptom burden. dHigher scores indicate greater psychological symptom severity (depression or anxiety). 
eEstimated using linear regression or logistic regression analysis after adjusting for age, sex, cancer type, cancer stage, comorbidity, time since cancer 
diagnosis, education level, monthly household income and job status. fBonferroni correction was applied for multiple comparisons with a significance 
threshold of P<0.0024.

high FCR group (β=–8.66, 95% CI: –12.55 to –4.77; P<0.001).
In the EORTC QLQ-C30 domains, the high FCR group 

reported significantly lower scores in all functional scales, in-
cluding physical (β=–7.04; P<0.001), role (β=–9.16; P<0.001), 
emotional (β=–12.86; P<0.001), cognitive (β=–9.82; P<0.001), 
and social functioning (β=–13.41; P<0.001), as well as in GHS/
QoL (β=–10.56; P<0.001). Regarding symptom burden, partic-
ipants with high FCR had significantly higher levels of fatigue 
(β=11.11; P<0.001), pain (β=9.85; P<0.001), insomnia (β=14.51; 
P<0.001), and financial difficulties (β=17.32; P<0.001). Al-
though nausea/vomiting and appetite loss were more prevalent 
in the high FCR group (P=0.036 and P=0.023, respectively), 
they did not meet the Bonferroni-adjusted significance thresh-
old (P<0.0024).

Psychological symptoms were also markedly elevated among 
participants with high FCR. Both PHQ-9 (β=3.10, 95% CI: 
1.99–4.22; P<0.001) and GAD-7 scores (β=2.70, 95% CI: 1.89–
3.52; P<0.001) were significantly higher compared to the low 
FCR group.

Health-related behaviors according to fear of cancer 
recurrence
Table 3 presents both the unadjusted prevalence of health-relat-
ed behaviors in the low- and high-FCR groups and the adjusted 
associations derived from multivariable logistic regression. In 
chi-square analyses, no statistically significant differences were 
observed between groups for any change-based or status-based 
behavior. After adjusting for age, sex, cancer type, cancer stage, 
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Table 3. Comparison of health-related behaviors according to FCR status 
Low FCR (n=177) High FCR (n=149) P-value OR (95% CI)a P-value

Change-based behaviors
  Weight control effort 139 (78.5) 121 (81.2) 0.645 1.00 (0.65–1.53) 0.998
  Change in alcohol consumption
    No change 43 (24.3) 27 (18.1) 0.400 Reference 0.265
    Abstinence after cancer diagnosis 72 (40.7) 66 (44.3) 0.400 1.41 (0.75–2.63) 0.287
    Lifetime non-drinker 62 (35.0) 56 (37.6) 0.400 1.45 (0.75–2.77) 0.266
  Change in smoking status
    Continued or reduced smoking 12 (6.8) 9 (6.0) 0.702 Reference 0.427
    Smoking cessation after cancer diagnosis 43 (24.3) 31 (20.8) 0.702 0.97 (0.36–2.62) 0.954
    Lifetime non-smoker 122 (68.9) 109 (73.2) 0.702 1.18 (0.48–2.91) 0.719
Status-based behaviors
  General health check-up 153 (86.4) 130 (87.2) 0.960 0.97 (0.61–1.56) 0.902
  Cancer screening 97 (54.8) 96 (64.4) 0.099 1.21 (0.76–1.91) 0.418
  Pneumococcal vaccination 69 (39.0) 51 (34.2) 0.440 1.00 (0.64–1.56) 0.985
  Herpes zoster vaccination 61 (34.5) 49 (32.9) 0.855 0.97 (0.62–1.52) 0.902
  Seasonal influenza vaccination 70 (39.5) 65 (43.6) 0.528 1.02 (0.66–1.58) 0.933
  Walking ≥5 day/wk 126 (71.2) 105 (70.5) 0.984 0.97 (0.64–1.47) 0.897
  Strength training ≥2 day/wk 57 (32.2) 38 (25.5) 0.229 1.02 (0.67–1.56) 0.936
  CAM use 35 (19.8) 21 (14.1) 0.521 0.97 (0.55–1.71) 0.907
  Nutritional supplement use 57 (32.2) 105 (70.5) 0.856 0.99 (0.60–1.65) 0.975

Values are presented as number (%).
CAM, complementary and alternative medicine; CI, confidence interval; FCR, fear of cancer recurrence; OR, odds ratio.
aEstimated using logistic regression analysis after adjusting for age, sex, cancer type, cancer stage, comorbidity, time since cancer diagnosis, education 
level, monthly household income and job status.

comorbidity, time since diagnosis, educational level, household 
income, and employment status, none of the health-related 
behaviors remained significantly associated with high FCR. 
For example, the adjusted OR for general health check-up was 
0.97 (95% CI: 0.61–1.56; P=0.902), for cancer screening 1.21 
(95% CI: 0.76–1.91; P=0.418), and for CAM use 0.97 (95% CI: 
0.55–1.71; P=0.907).

DISCUSSION

This study examined how FCR is associated with HRQoL, 
psychological symptoms, and health-related behaviors among 
cancer survivors. While high FCR was clearly associated with 
greater psychological distress and significantly poorer HRQoL 
across multiple domains, it did not correspond to increased 
engagement in health behaviors such as screening, physical 
activity, or vaccination. These findings suggest a divergence be-
tween emotional burden and behavioral response, underscoring 
the need for integrated survivorship strategies that address both 
psychosocial and behavioral dimensions.

Consistent with the present study, prior research has shown 
that high FCR are significantly associated with diminished 
HRQoL and heightened psychological distress. Previous study 

of colorectal cancer survivors reported that higher FCR levels 
were correlated with lower functional scores on the EORTC 
QLQ-C30 and increased symptoms of anxiety and depression 
[24]. Similarly, research involving Korean stomach cancer sur-
vivor populations has indicated that FCR in stomach cancer 
survivors was associated with social, psychological, and HRQoL 
factors [5]. Consistent findings have also been observed among 
patients with advanced cancer, wherein high FCR was asso-
ciated with substantial psychosocial burden [25]. The present 
study aligns with this body of evidence, revealing that individ-
uals with high FCR exhibited significantly poorer scores across 
all functional domains of HRQoL—including physical, role, 
emotional, cognitive, and social functioning—as well as higher 
levels of symptom burden, particularly in relation to fatigue, 
insomnia, pain, and financial difficulties.

In contrast to symptoms such as fatigue, pain, insomnia, and 
financial difficulties, gastrointestinal (GI) symptoms—including 
nausea/vomiting, appetite loss, dyspnea, constipation, and diar-
rhea—demonstrated no statistically significant association with 
FCR (P>0.0023). GI symptoms are often perceived as non‑spe-
cific or treatment-related sequela rather than indicators of re-
currence, particularly among non-GI cancers [5,24]. Moreover, 
FCR is fundamentally a cognitive‑emotional construct centered 
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on the concern that cancer may return; it is more tightly tied to 
psychological distress and diminished functional domains than 
to isolated somatic complaints [3,4]. These findings are con-
sistent with emerging evidence indicating that FCR correlates 
more strongly with fatigue, pain, and anxiety than with GI 
symptoms. Such a discrepancy emphasizes the need to consider 
both the interpretation and perceived salience of symptoms in 
understanding the psychological correlates of FCR.

Notably, multiple measures assessing psychological symp-
toms were included in this study, namely the EQ-5D anxiety/
depression item, PHQ-9, and GAD-7. While each assesses fac-
ets of psychological well-being, they differ in both conceptual 
scope and psychometric design. The EQ-5D offers a singular, 
general indicator of emotional status within the broader context 
of HRQoL, whereas the PHQ-9 and GAD-7 are standardized 
multi-item instruments specifically developed to evaluate the 
severity of depressive and anxiety symptoms, respectively. The 
concurrent use of these measures permits a complementary 
assessment of emotional functioning, capturing both general 
distress and disorder-specific symptomatology.

Given that high FCR was not associated with increased en-
gagement in screening, vaccination, weight control, alcohol use, 
smoking, physical activity, or supplement intake, several inter-
pretative considerations warrant discussion. Contrary to the 
“teachable moment” hypothesis, which posits cancer experience 
and related fear motivate preventive action, findings suggest 
emotional distress alone may be insufficient to drive behavioral 
change [26,27]. This highlights the need for interventions com-
bining psychosocial support with structured behavior-change 
strategies, rather than relying solely on psychological or educa-
tional approaches [28,29]. The conceptual distinction between 
psychological distress and behavioral adherence underscores 
the value of integrated multidisciplinary survivorship care that 
addresses both domains. CAM use and supplement intake were 
not evidence-based behaviors, but reflected broader coping re-
sponses to FCR. Although not medically validated, these behav-
iors may reflect emotionally driven adaptations offering insight 
into how cancer fear manifests behaviorally [30-32]. Moreover, 
recent evidence suggests FCR may indirectly affect behavior 
through unmet supportive care needs linked to lower screen-
ing participation, emphasizing the importance of addressing 
structural and psychosocial barriers alongside distress [9]. 
Finally, longitudinal research is needed to clarify how changes 
in FCR relate to health behaviors and whether individuals with 
persistently high FCR respond better to tailored interventions, 

providing more nuanced survivorship strategies [33,34].
In this study, FCR was not associated with cancer stage or 

time since diagnosis. While this may partly reflect limited 
variability, stage IV cases were excluded, and over half the par-
ticipants were long-term survivors, possibly due to analytical 
constraints, as the time since diagnosis was dichotomized at 
4.5 years. However, previous studies have reported high FCR in 
early stage [35,36] and long-term survivors [37,38], suggesting 
FCR is not solely determined by clinical status or time. It re-
flects the complex interplay of clinical and psychosocial factors, 
including cancer type, treatment history, and perceived support. 
Longitudinal studies are needed to clarify these associations 
with long-term survival, suggesting clinical indicators alone 
may be insufficient.

This study has several limitations. First, its cross-sectional de-
sign limits causal inferences. Although high FCR was associated 
with poor HRQoL and psychological distress, reverse causality 
is plausible; emotional distress may heighten FCR rather than 
result from it. Similarly, the null association with preventive be-
haviors should be interpreted cautiously, as distress may hinder 
engagement. These limitations highlight the need for longitudi-
nal studies to clarify the directionality. Second, most variables 
were assessed via self-reports, potentially introducing recall 
and reporting biases. Social desirability may have influenced 
responses on psychological symptoms and health behaviors, 
possibly affecting the associations. Third, as a pilot study, the 
sample was relatively small, which may limit statistical power 
and generalizability. Fourth, FCR was assessed with four items 
on follow-up, secondary cancer, recurrence, and metastasis. 
High FCR was defined as a score ≥3 on at least two items, based 
on prior studies [39-41]. This approach balances clinical rele-
vance and brevity, capturing key domains of recurrence-related 
fear while reducing respondent burden. Although not external-
ly validated, it was deemed appropriate for a pilot study with a 
moderate sample size. Further refinement and psychometric 
validation are planned from an upcoming nationwide survivor 
survey. Fifth, inconsistent timeframes in assessing health-re-
lated behaviors may have affected the interpretation. Some 
behaviors (e.g., smoking, alcohol use, and weight control) were 
measured as post-diagnosis changes, whereas others (e.g., vac-
cination, physical activity, CAM use, and supplement intake) 
reflected current status. This heterogeneity complicates whether 
FCR affects initiation or maintenance of behaviors. Null find-
ings should be interpreted cautiously; future studies should 
adopt standardized timeframes or longitudinal designs for clar-

106 https://doi.org/10.15384/kjhp.2025.00122

Seo-Hee CHOI, et al.  Association between FCR and HRQoL, Psychological Distress and Health Behaviors



ification.
Despite these limitations, this study had several strengths. 

It provides an integrated perspective on the relationships be-
tween FCR, HRQoL, psychological distress, and health-related 
behaviors in a diverse cohort of cancer survivors. Findings 
showed high FCR was strongly associated with poorer HRQoL 
and greater psychological burden, yet did not lead to increased 
participation in health-promoting behaviors, such as screening, 
vaccination, or physical activity. This discrepancy challenges 
the assumption that emotional distress—particularly fear—
naturally motivates positive behavioral changes. Clinically, the 
results underscore the need for multidisciplinary survivorship 
programs addressing psychological and behavioral dimensions 
rather than relying on FCR alone as a driver of health behav-
ior. Tailored interventions integrating emotional support with 
structured behavioral-change strategies may be essential for 
promoting long-term health among cancer survivors.
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The authors would like to correct the errors in the publication 
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title, abstract, keywords, introduction, methods, results, discus-
sion, acknowledgments, author contributions, references, figure 
legends, and tables. The full text containing introduction, meth-
ods, results, and discussion should not exceed 3500 words.

Title (≤30 words)
An article title should be inserted at the top of the first page of 
the manuscript text file.

Abstract (≤300 words) and Keywords
An abstract should briefly summarize the content of the man-
uscript in a structured format for a systematic review and a 
unstructured format for a narrative review and should not ex-
ceed 300 words. The structured abstract should be structured as 
follows: Background, Methods, Results, and Conclusions. Three 
to six keywords should be listed after the abstract.

Introduction (≤500 words)
Desribe a brief background and purpose of the study and elab-
orate on its significance. Summarize the rationale and include 
only strictly pertinent references.

Methods (≤1,000 words)
Identify the methods. Describe study participants, controls, or 
laboratory animals clearly and identify procedures in sufficient 
details to allow other researchers to reproduce the results. Iden-
tify the apparatus or reagents used by giving the product’s name, 
followed by the name of the product company in parentheses. 
Give references to established methods, including statistical 
methods. Provide references and brief descriptions for methods 
that have been published but are not well known or substantial-
ly modified, and give reasons for using them and evaluate their 
limitations.

Describe statistical methods with enough details to verify 
the reported results. Whenever possible, quantify findings and 
present them with appropriate indicators of measurement error 
or uncertainty (such as confidence intervals). Avoid relying 
solely on statistical hypothesis testing, such as the use of P-val-
ues, which fails to convey important quantitative information. 
When the results of the data in the text are given, provide de-
tails specifically in terms of average, proportion, or correlation 
coefficient to describe the difference between study groups or 
the relevant size and direction of variables. Specify statistical 

software used for statistical analysis.

Results (≤1,000 words)
Present the findings and results in logical sequence in the text, 
tables, and figures. Do not repeat in the text all data in the ta-
bles or figures, but describe important points and trends.

Discussion (≤1,000 words)
Emphasize the new and important aspects of the study and 
the conclusions that follow from them. Do not repeat in detail 
data or other materials given in the Introduction or the Results 
section. Include the implications of the findings and their lim-
itations, including implications for future research. Link the 
conclusions with the purpose of the study by discussing and 
comparing the relevant results of other research data. Avoid un-
qualified statements and conclusions not completely supported 
by the data. Propose new hypotheses when warranted and rec-
ommendations, when appropriate, may be included.

Acknowledgments
If necessary, persons who have contributed to the article but 
whose contributions do not meet authorship standards may 
be appreciated through acknowledgment section. Clearly state 
their contributing role for acknowledgement. For example, data 
collection, financial support, statistical analysis, analysis of ex-
periment, and so forth. Authors should notify that their names 
will be in the Acknowledgement and are responsible for obtain-
ing permission from persons acknowledged.

Author Contributions
What authors have done for the study should be described in 
this section. To qualify for authorship, all contributors must 
meet at least one of the seven core contributions by CRediT 
(conceptualization, methodology, software, validation, formal 
analysis, investigation, data curation), as well as at least one of 
the writing contributions (original draft preparation, review, 
and editing).

The submitting author is responsible for completing this in-
formation at submission, and it is expected that all authors will 
have reviewed, discussed, and agreed to their individual contri-
butions ahead of this time.

<Example>
Dr. MYUNG had full access to all of the data in the study and 
takes responsibility for the integrity of the data and the accuracy 
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of the data analysis. All authors reviewed this manuscript and 
agreed to individual contributions.

Conceptualization: SKM.
Data curation: SWO and YJC.
Formal analysis: YJC.
Methodology: SKM, SWO, and YJC.
Software: SKM and YJC.
Writing - original draft: YJC.
Writing - review & editing: SKM, SWO, and YJC.
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Authors are responsible for the accuracy and completeness of 
their references and for correct text citation. In the text, refer-
ences should be cited with Arabic numerals in brackets, num-
bered in the order cited. In the references section, the references 
should be numbered and listed in order of appearance in the 
text. If there is more than one reference cited coincidentally, 
then a comma separates the numbers and only the last num-
ber is closed with a right bracket. If a consecutive number of 
references is cited together, then a hyphen ‘-’ should be used 
between the first and the last number.

List all authors and/or editors up to 6; if more than 6, list the 
first 6 followed by “et al.” Journal references should include the 
issue number in parentheses after the volume number. Refer-
ence styles are as follows:

Journal articles

Name(s) of author(s). Title of article. Abbreviated journal name. 
Year of publication;Volume number (Issue number):Page numbers.

<Example> Myung SK, Oh SW, Choi YJ. How to use the 
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Name(s) of author(s). Title of publication: subtitle. Edition. Pub-
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of the editor(s). Title of publication. Edition. Publisher; Year of 
publication. p. Page numbers.

Conference proceedings
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Figure Titles and Legends (Captions)
After references, include a title for each figure. The figure title 
should be a brief descriptive phrase, preferably no longer than 
10 to 15 words. A figure legend (caption) can be used for a brief 
explanation of the figure or markers if needed and expansion of 
abbreviations.

Tables
All tables should be inserted after figure legends in the manu-
script text. Restrict tables and figures to those needed to explain 
and support the argument of the article and to report all out-
comes identified in the Methods section. Number each table 
and figure and provide a descriptive title for each. Every table 
and figure should have an in-text citation. Verify that data are 
consistently reported across text, tables, figures, and supple-
mentary material. The number of tables and /or figures should 
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end of the table. The title of the figure should also be on the top 
placed at the right end of the figure. The numbering of the table 
or figure should be in the order of entry in the main text, and 
Arabic numeral should be used after a space of the word ‘Table 
(Figure)’ followed by a period. The first letter of the first word 
should be capitalized. In making a table, the average and stan-
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dard deviation, the number of participants and other figures 
should be given and on the annotated part of the table, the ap-
plied statistical method should be noted. For ratio, the number 
of responders and the ratio, and for correlation coefficient, the 
value of correlation coefficient should be given, respectively.

Figures
Number all figures (graphs, charts, photographs, and illustra-
tions) in the order of their citation in the text. When illustrating 
a figure, use a bar or a line graph for average or proportion, and 
list measures using standard deviation or standard error and 
must show their P-values. Identify the applied statistical meth-
ods at the footnote of each figure. Primary outcome data should 
not be presented in figures alone. Exact values with measure of 
variability should be reported in the text or table as well as in 
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Overindulgence with the use of abbreviations is forbidden, and 
the use of abbreviations must be minimized. Only standardized 
abbreviations may be used and abbreviations should not be 
used in titles or abstracts. With the exception of measurement 
units, abbreviation should be specified when first introduced in 
the text and then may be used independently.

Units of Measurement
Laboratory values are expressed using conventional units of 
measure, with relevant Systeme International (SI) conversion 
factors expressed secondarily (in parentheses) only at first men-
tion. Figures and tables should use conventional units, with 
conversion factors given in legends or footnotes. The metric 
system is preferred for the expression of length, area, mass, and 
volume.

Names of Drugs, Devices, and Other Products
Generic names should be used. When proprietary brands are 
used in research, include the brand name and the name of the 
manufacturer in parentheses after the first mention of the ge-
neric name in the Methods section.

Generic Names, Numbers, and Measurement Units
Personal, geographical and generic names must be written in 
original language, if possible, and numbers must be written 
in Arabic numerals. The measurement units such as length, 
height, mass and volume should be indicated in the metric sys-
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in centigrade and blood pressure in mmHg. Units for blood 
and clinical laboratory test measurements should be expressed 
in the ordinary scale or by International Units (SI). A space is 
required between a measured value and its unit.
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Supplementary materials for online-only publication can be 
submitted, when there is insufficient space to include the mate-
rials in the manuscript text or figures. Because supplementary 
materials are not edited or formatted after publication, authors 
are responsible for the accuracy and presentation of these mate-
rials.

Reporting Sex/Gender
The term sex (male, female) should be used when reporting bi-
ological factors and gender (man, woman) should be used when 
reporting gender identity or psychosocial/cultural factors. The 
methods used to obtain information on sex, gender, or both (e.g., 
selfreported, investigator observed or classified, or laboratory 
test) should be explained in the Methods section. If only one sex 
is reported, or included in the study, the reason the other sex is 
not reported or included should be explained in the methods 
section, except for studies of diseases/disorders that only affect 
males (e.g., prostate disease) or females (e.g., ovarian disease). 
The sex distribution of study participants or samples should be 
reported in the results section, including for studies of humans, 
tissues, cells, or animals. Study results should disaggregate and 
report all outcome data by sex.

2) Letters to the Editor, Letters in Reply, Editorials, and 
Viewpoints
For preparation of Letters to the Editor, Letters in Reply, Edito-
rials, and Viewpoints, refer to ‘Summary of Article Types’ in the 
categories of articles secction.

4. REPORTING GUIDELINES FOR SPECIFIC 
STUDY DESIGNS

Authors should be aware of the information that must be in-
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cluded in the contents of the research according to the study 
design and must reflect them in their articles. Authors should 
refer to STROBE (http://www.strobe-statement.org) for obser-
vational studies, CONSORT (http://www.consort-statement.
org) for randomized controlled trials, STARD (http://www.
stard-statement.org) for studies of diagnostic accuracy, and 
PRISMA (https://www.equator-network.org/reporting-guide-
lines/prisma/) and MOOSE (https://www.equator-network.
org/reporting-guidelines/meta-analysis-of-observational-stud-
ies-in-epidemiology-a-proposal-for-reporting-meta-analy-
sis-of-observational-studies-in-epidemiology-moose-group/) 
for systematic reviews and meta-analyses.

5. MANUSCRIPT REVIEW AND PUBLICATION

Upon submission of a manuscript, the Editorial Committee will 
review the article whether its contents meet the objectives of 
the Journal, and the article can be rejected at this initial review 
process. The Editorial Committee will entrust two or more ex-
perts with review of articles and will decide their acceptance for 
publication with the help of experts’ recommendations. Based 
on comments from reviewers and editors, authors may be asked 
to revise their manuscripts. Authors are required to submit a re-
vised manuscript and a letter of explanation regarding how they 
have dealt with all comments and questions raised by reviewers 
and editors through the electronic submission system. The Ed-
itorial Committee or the editor-in-chief may entrust an statis-
tical expert with statistical review of articles at the final stage of 
review, and ask authors to revise their manuscripts, if necessary.

The acceptance for publication is decided by the Editorial 
Committee after its thorough review process, and the edi-
tor-in-chief will deliver an official approval of acceptance for 
publication.

6. COPYRIGHT

Once publication of the manuscript has been decided, the 
copyright will be deferred to the Korean Society for Health Pro-
motion and Disease Prevention, and the copyright of the man-
uscript published will belong to the Society. The Society is enti-
tled to publish, distribute and print a manuscript in the journal 
or other media. As the time of submission, a corresponding au-
thor, on behalf of all authors, must sign and submit the ‘copyright 
transfer agreement form’, which must be downloaded from the 
homepage, to confirm that its copyright is assigned.

7. ETHICAL REGULATIONS

Review and handling procedures related to all research ethics 
including ethics regulations and plagiarism, duplicate publi-
cation, and research misconduct will be followed according to 
the ‘Good Publication Practice Guidelines for Medical Journals 
(http://kamje.or.kr/)’ stipulated by the Korean Association of 
Medical Journal Editors (KAMJE).

1) Ethical Review and Informed Consent
If the research involves human participants, it must comply with 
the ethical standards of the Declaration of Helsinki (adopted 
in 1964; amended in 2008; https://www.wma.net/policies-post/
wma-declaration-of-helsinki-ethical-principles-for-medi-
cal-research-involving-human-subjects/) and in principle must 
undergo scrutiny of an independent Institutional Review Board 
(IRB) or Research Ethics Committee (REC) which reviews the 
ethical issues of the human experiment. However, in clinical 
studies, the approval of the IRB or ERC and participant’s con-
sent must be received and specified in the text.

2) Privacy and Confidentiality
Every author must protect privacy and confidentiality of study 
participants. The personal information regarding the identity 
of a study participant must not be disclosed in any form: article, 
photo or pedigree. However, if a study participant’s personal 
information is indispensable as scientific information, it must 
be explained to the study participant or his/her legal guardian, 
written informed consent should be obtained from him/her 
before publication, and his/her approval must be specified in a 
published article. At the time of explanation, a manuscript to be 
published, including photos, must be offered to a study partici-
pant and be approved by him/her. Description materials includ-
ing photographs should not disclose study participant’s name, 
english initials, and hospital identification number.

3) Redundant Publication/Duplicate Submission
An article that has been already reported in another journal or 
is being reviewed by another journal, and an article that has a 
redundant material previously published in the journal will be 
rejected. If the article contains similar work that has already 
been reported in another publication or has been published in 
the journal, the author should include copies of such material 
along with the submitted article. The Editorial Committee will 
decide on the matter of secondary publication of the submitted 
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