
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Yoon et al. BMC Public Health         (2024) 24:2606 
https://doi.org/10.1186/s12889-024-19922-8

BMC Public Health

*Correspondence:
Shi-Uk Lee
ShiUk.Lee@gmail.com
1Department of Rehabilitation Medicine, Seoul National University 
College of Medicine, Seoul, Republic of Korea
2Department of Rehabilitation Medicine, Seoul Metropolitan Government 
Boramae Medical Center, Seoul, Republic of Korea
3Institute on Aging, Seoul National University, Seoul, Republic of Korea
4Department of Physical Medicine & Rehabilitation, Seoul National 
University College of Medicine, Seoul National University Boramae 
Medical Center, 20, Boramae-ro 5-gil, Dongjak-gu, Seoul 07061, Korea

Abstract
Background Physical fitness is considered an important indicator of the health of the general public. In particular, 
the physical fitness of the older adults is an important requirement for determining the possibility of independent 
living. Therefore, the purpose of this study was to examine the association between chronological age and physical 
fitness variables in the National Fitness Award Cohort study data and to develop multiple linear regression analyses to 
predict fitness age using dependent variables.

Methods Data from 501,774 (359,303 adults, 142,471 older adults) individuals who participated in the Korea 
National Fitness Award Cohort Study from 2017 to 2021 were used. The physical fitness tests consisted of 5 candidate 
markers for adults and 6 candidate markers for the older adults to measure muscle strength, muscle endurance, 
cardiopulmonary endurance, flexibility, balance, and agility. Pearson’s correlation and stepwise regression analyses 
were used to analyze the data.

Results We obtained a predicted individual fitness age values from physical fitness indicators for adults and older 
adults individuals, and the mean explanatory power of the fitness age for adults was [100.882 – (0.029 × VO2max) – 
(1.171 × Relative Grip Strength) – (0.032 × Sit-up) + (0.032 × Sit and reach) + (0.769 × Sex male = 1; female = 2)] was 93.6% 
(adjusted R2); additionally, the fitness age for older adults individuals was [79.807 – (0.017 × 2-min step test) – (0.203 × 
Grip Strength) – (0.031 × 30-s chair stand) – (0.052 × Sit and reach) + (0.985 × TUG) – (3.468 × Sex male = 1; female = 2) was 
24.3% (adjusted R2).

Conclusions We suggest the use of fitness age as a valid indicator of fitness in adults and older adults as well as a 
useful motivational tool for undertaking exercise prescription programs along with exercise recommendations at the 
national level.
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Introduction
Due to the increase in life expectancy, the era of the 
100-year-old generation is expected to occur at a rapid 
pace [1, 2]. According to previous studies, chronic dis-
eases such as high blood pressure, diabetes, and high 
cholesterol are generally increasing due to the increased 
prevalence of obesity in adults over the age of 30 [3–5]. 
However, despite the spread of chronic diseases, efforts 
to prevent them are insufficient.

The physical fitness level is considered an important 
indicator of the health of the general public [6–9]. In 
particular, the physical fitness of the older adults is an 
important criterion for determining the possibility of 
independent living [10, 11]. Physical fitness includes fac-
tors related to health conditions such as musculoskeletal 
and cardiorespiratory fitness [9, 12]. Typical physical fit-
ness tests include muscle strength (hand grip strength 
tests) [6, 7, 13], muscular endurance (30-s chair stand test 
and sit-ups test) [6, 13, 14], flexibility (chair sit-and-reach 
test) [13, 15], balance (time up-and-go) [7], and cardio-
pulmonary endurance (graded exercise test and 2-minute 
step test) [16–18]. The association between physical fit-
ness and health status has been reported in several stud-
ies [8, 18–20]. Therefore, due to the influence of lifestyle, 
environment, and epigenetics, each individual experi-
ences the physical aging process differently, and which is 
why many studies have focused on biological age [19, 21, 
22]. Biological age gradually decreases in viability over 
time and increases with age, which ultimately leads to 
disability and mortality [21]. The concept of physical fit-
ness age is not simply measuring the passage of time, but 
a major determinant of health status, measuring the pro-
gression of changes in physical function in the aging pro-
cess, and the need for physical fitness age in aging studies 
is increasing. Although a few studies emphasized the 
importance of physical fitness age [2, 7, 13], large-scale 
and simplified reports on fitness age estimation formulas 
are needed. To date, the studies reported have limitations 
on small sample sizes and limited age groups, while com-
plexities of measurement variables used further impede 
the development of simplified estimation formulas [23, 
24].

Therefore, the aim of this study was to examine the 
association between chronological age and physical fit-
ness variables in the National Fitness Award Cohort study 
data, which collects more than 100,000 data each year for 
Koreans. We aimed to develop multiple linear regression 
analyses to predict fitness age using dependent variables 
(e.g., muscle strength, muscular endurance, cardiopul-
monary endurance, flexibility, balance). To the best of our 
knowledge, this study is the first nationwide to develop 
simplified estimation formulas for the “fitness age.” It is 
expected that this study will present major trends and 
standardizations in future health-related fitness age while 

enabling customized services for exercise by providing 
the foundation for precise frailty classification, especially 
in older adults.

Methods
Data sets and study participants
A total of 501,774 (male = 236,852 and female = 264,922) 
participants in the National Physical Fitness 100 Health 
Promotion Class exercise program at 82 sites nation-
wide (76 sites, 6 mobile sites) in South Korea from 2017 
to 2021. The criteria for selecting subjects were adults 
and the older adults who voluntarily agreed after fully 
explaining the purpose and content of the study. Par-
ticipants who’s physical strength could not measure 
their physical strength due to acute cardiovascular dis-
ease, systemic infection, and musculoskeletal damage 
were excluded from the study. The physical characteris-
tics of the study subjects are shown in < Table 1>. Ethi-
cal approval of this retrospective study was given by the 
Institutional Review Board (IRB) of the Seoul National 
University Boramae Medical Center, and all subjects pro-
vided their written informed (IRB No. 07-2024-2).

Body composition
Body composition was measured using multifrequency 
impedance (Inbody 720, Biospace Co., Seoul, Korea), 
and all metallic materials were removed, shoes and socks 
were removed, both feet were placed on the electrodes of 
the tread plate while wearing light clothing, and the elec-
trodes of both handles were held correctly and the arms 
were spread out approximately 30°. The results were mea-
sured once, and the figures on the results were recorded. 
Body mass index (BMI) was calculated using the ratio of 
weight squared to height (kg/m2). The height was mea-
sured in units of 0.1 cm after the study participants did 
not tilt their heads sideways in a natural upright posi-
tion with their backs to the renal system and stand-
ing barefoot. The waist circumference was relaxed and 
straightened as much as possible and then measured hor-
izontally, and the navel area was measured [2, 25].

Muscle strength (grip strength test)
Handgrip strength was measured, and in the upright 
position, the grip of the grip meter (GRIP-D 5101; 
TAKEI, Co., Japan) was held at the middle phalanx of the 
finger. The arm was straightened and the body and arm 
were pulled at 15 degrees for 5 s. The highest value was 
recorded in units of 0.1  kg by conducting two times on 
the left and right sides. Relative grip strength (%) was 
defined by the following formula: absolute handgrip 
strength (kg)/body weight (kg) × 100 [6, 25].
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Muscular endurance (30-s chair stand test and sit-ups)
Muscular endurance was measured by sitting on a chair 
and standing up and sip-ups. The participants sat in the 
center of the chair, with the soles of both feet touching 
the ground, and the arms crossing in front of the chest. 
The participants sat on the chair for 30  s with the start 
chant and repeatedly stood up. If the study participant 
stood up halfway through at the end of 30 s, this was con-
sidered the number of times he stood up. The sit-up was 
performed by raising both elbows to the thigh after lying 
on the back of the mat with the knees bent approximately 
30  cm away from the hip, and raising the upper body 
after the signal started, and the measurement unit was 
recorded as the number of measurements was recorded 
for 1 min [6].

Cardiopulmonary endurance (2-min step test and 
estimated VO2max)
Cardiopulmonary endurance was measured by walk-
ing in place for two minutes and estimating VO2max. 
After and after adjusting the height by attaching a rub-
ber band to both pillars of the support at the same height 
as the point marked on the thigh, the study participants 
raised the knee from the right foot with the start signal. 
The number of repetitions of both feet was recorded as 
one and performed for 2  min. A graded exercise tread-
mill test using the Bruce protocol was applied to measure 
VO2max. All participants started walking at a speed of 
2.7  km/h with a slope of 10%. The speed was increased 
by 1.3–1.4  km/h at 3-minute intervals, and the incline 
was increased by 2% during each stage. Graded exercise 
tests were performed on treadmills (TM55 treadmills; 
Quinton Cardiology Systems, Inc., Seattle, WA, USA). 
Heart rate was measured every minute using a heart 
rate monitor (Quinton Q-Stress, Quinton Cardiology 

Systems, Inc., Bothell, WA, United States) and the change 
in heart rate was measured on recovery for three minutes 
immediately after the exercise stop. Participants were 
expected to reach one of three of the following criteria: 
(1) a heart rate reserve rate > 85%, (2) a heart rate that 
did not increase with increasing steps, (3) a rating of per-
ceived exercise > 17 (range: 6–20), and (4) absence of stop 
request [16, 17]. The VO2max was calculated using the 
Bruce formula: 6.70 − 2.82 × (1: male, 2: female) + (0.056 
× exercise maintaining time (s)) (Bruce et al., 1973). 
The VO2max was calculated using the Bruce formula: 
6.70 − 2.82 × (1: male, 2: female) + (0.056 × exercise main-
taining time (s)) (Bruce et al., 1973).

Flexibility (sit-and-reach)
The Participants sat on the floor, straightened their knees, 
brought the soles of their feet into close contact with the 
measuring instrument, and let both hands extend for-
ward. The upper body was bent to extend to push the 
measuring plate as much as possible, and the maximum 
value was recorded in units of 0.1 cm after two measure-
ments [13, 15].

Balance (time up-and-go)
Balance was measured by sitting on a chair and returning 
to the 3 m target. After sitting in the center of the chair, 
both hands were placed on the thigh, and when the signal 
sounded, the cone at 3 m from the chair returned as fast 
as possible to measure the time it took to sit back in the 
chair. At this time, when the start signals sounded, mea-
surements were made regardless of whether the study 
participants started moving. Measurements were made 
twice and the maximum value was recorded at 0.001 Sect 
[7].

Table 1 Baseline characteristics of subjects
Adults older adults

Male n = 182,972 Female n = 176,331 Total n = 359,303 Male n = 53,880 Female n = 88,591 Total n = 142,471
Age, yrs 35.58 ± 13.82 42.66 ± 14.49 39.06 ± 14.59 73.26 ± 5.28 72.41 ± 5.51 72.73 ± 5.44
Height, cm 173.05 ± 6.19 159.26 ± 5.83 166.28 ± 9.15 165.24 ± 5.86 152.48 ± 5.49 157.29 ± 8.36
Body weight, kg 74.44 ± 10.87 58.25 ± 8.62 66.49 ± 12.74 66.69 ± 8.88 57.62 ± 7.96 61.04 ± 9.41
Body fat, % 21.79 ± 6.67 31.05 ± 6.80 26.33 ± 8.17 26.38 ± 6.71 35.16 ± 14.43 31.85 ± 12.84
BMI, kg/m2 24.75 ± 2.97 22.92 ± 3.19 23.85 ± 3.21 24.45 ± 10.13 24.82 ± 9.17 24.68 ± 9.54
Waist cir, cm 85.45 ± 9.10 79.24 ± 8.67 82.10 ± 9.40 86.07 ± 8.45 83.08 ± 8.30 84.24 ± 8.48
Grip Strength, kg 34.35 ± 10.56 30.50 ± 10.38 32.46 ± 10.65 31.19 ± 6.57 19.65 ± 4.79 24.00 ± 7.87
Relative HGS, % 54.91 ± 11.79 49.60 ± 12.04 52.31 ± 12.20 50.67 ± 9.64 37.58 ± 8.51 42.52 ± 10.97
Sit and reach, cm 11.85 ± 9.22 11.99 ± 9.27 11.92 ± 9.25 4.17 ± 9.61 13.28 ± 8.42 9.85 ± 9.93
VO2max, ml/kg/min 38.95 ± 6.30 37.06 ± 5.97 37.96 ± 6.20
Sit-up, n 33.92 ± 15.53 29.31 ± 15.72 31.66 ± 15.79
2-min step test, n 109.09 ± 23.15 102.23 ± 26.27 104.85 ± 25.34
30-s chair stand, n 21.31 ± 6.68 18.57 ± 6.35 19.60 ± 6.62
TUG, sec 6.01 ± 1.68 6.77 ± 28.15 6.48 ± 22.24
BMI; body mass index, Waist cir; waist circumference, TUG; time up and go, HGS; handgrip strength, Data are reported as the mean ± standard deviation
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Statistical analyses
Statistical analyses were performed using the Statistical 
Package for the Social Sciences (SPSS) version 25.0 (IBM 
Corporation, Armonk, NY, US). The mean and standard 
deviation were calculated for all the measured param-
eters. Descriptive statistical analysis, Pearson’s correla-
tion analysis, and stepwise regression analysis were also 
conducted. Pearson’s correlation analysis was used to 
analyze the relationships between age and physical fitness 
parameters in adult and older adults. Stepwise regression 
analysis was applied to develop of the prediction equa-
tions according to age group. To perform multiple linear 
regression analysis, the β-value (the regression coeffi-
cient) was used to verify whether the independent vari-
ables had explanatory power [26]. In this work, we used 
the stepwise mode of regression analysis, which is indi-
cated when multiple independent variables are taken as 
predictors. The threshold for statistical significance was 
considered with a p-value < 0.05.

Results
Participants were stratified into two groups (adult and 
older adults). The average age of the adult participants 
was 39.06 years (± 14.59 SD), height was 166.28  cm 
(± 9.15 SD), and weight was 66.49 kg (± 12.74 SD); 49.08% 
of all the participants were female. The average age of 
the older adults was 72.73 years (± 5.44 SD), the average 
height was 157.29 cm (± 8.36 SD), and the average weight 
was 61.04  kg (± 9.41 SD); 62.32% of all the participants 
were female. The detailed characteristics of the partici-
pants are shown in Table 1.

To develop the fitness age estimation formulas for 
Korean adults and the older adults, this study conducted 

stepwise regression analysis with health-related fit-
ness components as independent variables and age as 
the dependent variable. Table 2 shows the results of the 
regression analysis using physical fitness parameters 
without outlier data. The explanatory power of the fit-
ness age regression models (n = 359,303) for adults was 
93.6%, and the SEE was 3.634 (t = 614.838, P < .001). 
Moreover, the explanatory power of the developed fitness 
age regression models (n = 142.471) for elderly individu-
als was 24.3%, and that for SEE was 4.793 (t = 397.012, 
P < .001) (Table 3). Finally, the formula for calculating fit-
ness age is as follows:

(1) Fitness age for adults: 100.882 – (0.029 × VO2max) – 
(1.171 × Relative Grip Strength) – (0.032 × Sit-up) + 
(0.032 × Sit and reach) + (0.769 × Sex male = 1; female = 2).

(2) Fitness age for older adults: 79.807 – (0.017 × 2-min 
step test) – (0.203 × Grip Strength) – (0.031 × 30-s 
chair stand) – (0.052 × Sit and reach) + (0.985 × 
TUG) – (3.468 × Sex male = 1; female = 2).

Table 4 shows the relationships between age and the pre-
dicted fitness age parameters in adult and older adults’ 
groups. The measured fitness age parameters were 
related to the predicted VO2max (r = − .637, P < .01), Rela-
tive Grip Strength (r = − .956, P < .01), Sit-up (r = − .616, 
P < .01), 2-min step test (r = − .271, P < .01), Grip Strength 
(r = − .202, P < .01), 30-s chair stand (r = − .309, P < .01), 
Time Up and Go (r = − 26, P < .01), sit and reach (r = .011, 
P < .01, r = − .250, P < .01, respectively), and Sex (r = .243, 
P < .01, r = − .076, P < .01, respectively).

Table 2 Regression equation predicting fitness age without outlier data in adults
B SE β t P-value R Adjusted R2 SEE

Adults (Constant) 100.882 0.164 614.838 0.000 0.967 0.936 3.634
VO2max − 0.029 0.005 − 0.013 -6.334 0.000
Relative HGS -1.171 0.002 − 0.932 -496.486 0.000
Sit-up − 0.032 0.002 0.033 -17.175 0.000
Sit and reach 0.032 0.002 0.020 14.911 0.000
Sex 0.769 0.039 0.027 19.527 0.000

Data are presented as SEE, standard error of estimation; Sex, 1 = Male, 2 = Female

Table 3 Regression equation predicting fitness age without outlier data by older adults’ individuals
B SE β t P-value R Adjusted R2 SEE

older adults (Constant) 79.807 0.201 397.012 0.000 0.493 0.243 4.793
2-min step test − 0.017 0.001 − 0.064 -20.041 0.000
Grip Strength − 0.203 0.003 − 0.281 -67.870 0.000
30-s chair stand − 0.031 0.003 − 0.031 -9.058 0.000
Sit and reach − 0.052 0.002 − 0.093 -28.053 0.000
TUG 0.985 0.012 0.291 82.596 0.000
Sex -3.468 0.050 − 0.302 -69.217 0.000

Data are presented as SEE, standard error of estimation; Sex, 1 = Male, 2 = Female
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Discussion
In this study, we examined the association between 
chronological age and physical fitness variables in the 
National Fitness Award Cohort study data and developed 
multiple linear regression analysis to predict fitness age 
using dependent variables (e.g., muscle strength, mus-
cular endurance, cardiopulmonary endurance, flexibil-
ity, balance, agility). Statistical analysis was conducted 
by removing outliers to prevent an increase in predic-
tion error before developing a multiple linear regres-
sion model to predict fitness age. As a result, the mean 
explanatory power of the predicted fitness age test 
regression model in adults (age 20–64) was 93.6%, sug-
gesting our prediction model is practical enough. How-
ever, the mean explanatory power for the prediction 
model of fitness age in older adults (age over 65) was 
24.3%, indicating more research is required to develop a 
suitable prediction model for older adults. For example, 
for adults, we used VO2 max estimation formula using 
graded exercise treadmill test. However, for older adults 
aged over 65, cardiopulmonary function was evaluated 
using a 2-minute step test method, the fitness prediction 
model we have in this study need to consider this factor.

In recent decades, several studies have been reported 
since the concept of physical fitness age was proposed in 
the field of gerontology, and regarding aging and physical 
health, physical fitness age is a comprehensive evaluation 
of physical fitness rather than individual chronological 
age [27]. Therefore, rather aging induced physiological 
and psychological reduction over time, specific health 
related components such as musculoskeletal and cardio-
pulmonary are more significant factor in evaluating fit-
ness level. Several studies have also reported that physical 
fitness age can be used to evaluate an individual’s physi-
cal fitness [13, 28] and that physical fitness age is a con-
cept to make it easier to understand the physical fitness 

data of adults and older adults people [7]. Several studies 
have been conducted to estimate physical age. According 
to a report by Kimura et al. [13], five associated physi-
cal fitness indicators related to physical age (i.e., grip 
strength, vertical jump, functional reach, one leg stand 
with eyes open, and 10 m walking time) were determined 
in a seven-year longitudinal study of 122 healthy older 
adults. Additionally, Latorre et al. [7] obtained the func-
tional fitness age formula for 459 older adults females. 
The test included six measurements: the arm curl test, 
back scratch test, chair stand test, chair sit-and-reach 
test, and 8-foot up-and-go test. However, both stud-
ies were limited in their study due to their small sample 
size and could not include only females as participants or 
include older adults risk variables such as vertical jumps 
and arm-curls to generalize the measurement variables 
they used.

To compensate for the limitations of previous studies, 
this study used data from the National Fitness Award 
Cohort study of approximately 500,000 adults from 2017 
to 2021. In conclusion, we found health-related physical 
fitness indicators of fitness for fitness age (5 candidate 
markers for adults and 6 candidate markers for older 
adults) using step-by-step selection methods and iden-
tified fitness indicators such as muscle strength, muscle 
endurance, cardiopulmonary endurance, flexibility, bal-
ance, and agility as health-related physical fitness com-
ponent variables. This study predicted individual fitness 
age values from physical fitness indices for adults and 
older adults individuals, and the mean explanatory power 
of the fitness age regression model was 93.6% (adjusted 
R2) and 24.3% (adjusted R2). The variables measured for 
each group were determined in advance by studies con-
ducted by national institutions [29], and the researchers 
believe that a physical health assessment based on body 
age would be advantageous and useful for estimating an 
individual’s physical health age.

Physical activity and physical fitness are known to be 
closely related [1, 2, 25], and some previous studies have 
reported that the difference between chronological age 
and physical fitness age reflects the progression of aging 
[21, 30]. Therefore, physical fitness is reportedly affected 
by factors such as lifestyle, physical activity level, and 
environmental conditions [9, 19], and because an individ-
ual’s fitness age is affected not only by genetic factors but 
also by lifestyle, the level of physical fitness and fitness 
age differ different depending on the individual’s manage-
ment method. In this study, according to a multiple linear 
regression model of health-related fitness indicators, the 
age determinant of physical fitness in older adults was 
found to be in a significantly lower-level range. Our study 
aimed to predict fitness age using only easy-to-measure 
independent variables, but the adjusted coefficient of 
determination was considered to be low and insufficient 

Table 4 Correlation coefficients between dependent variables 
and fitness age parameters

r P-value
adults

VO2max − 0.637 P < .01
Relative Grip Strength − 0.956 P < .01
Sit-up − 0.616 P < .01
Sit and reach 0.011 P < .01
Sex 0.243 P < .01

older adults
2-min step test − 0.271 P < .01
Grip Strength − 0.202 P < .01
30-s chair stand − 0.309 P < .01
Sit and reach − 0.250 P < .01
Time Up and Go 0.426 P < .01
Sex − 0.076 P < .01

Data are presented as Sex, 1 = Male, 2 = Female
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for use in clinical and medical fields. We assumed that 
if a prediction equation is developed that considers age 
and physical fitness variables for Korean adults and older 
adults, the physical fitness age of the Korean adults and 
older adults can be estimated more accurately. However, 
few scientifically rigorous studies are available, and sys-
tematic large-scale studies on the age-of-fitness estima-
tion formula are limited. Therefore, a large-scale study is 
needed to expand upon these findings.

To the best of our knowledge, this study is the first 
large-scale study reported in Korea and is expected to 
present major trends and standardizations in future 
health-related fitness age analyses. This study has several 
limitations. First, as we only accumulated data from a 
large-scale national study in South Korea (The National 
Fitness Award), our prediction model may not fit peo-
ple from other countries. However, this study provided 
a framework for similar studies in other countries to 
develop fitness age prediction models using their own 
data sets. Second, biochemical and psychological param-
eters other than physical variables were not measured.

Conclusion
In conclusion, we predicted the fitness age values of each 
group from these physical fitness indicators. The evalua-
tion of fitness age based on health-related physical fitness 
indicators can indicate the level of physical aging and 
provide effective customized exercise programs suitable 
for physical fitness levels. Furthermore, it can be used as 
an indicator of longitudinal evaluation of the effective-
ness of exercise programs and is expected to be used as a 
basis for exercise prescription programs along with exer-
cise recommendations at the national level.
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