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Background: Although physical fitness in adolescents has been widely studied, there is the lack of information
regarding developmental patterns of various youth fitness components. The LMS (L=skewness, M=median
curve, and S=coefficient of variation) statistical method has been utilized to develop growth percentiles for
height and weight as well as for fitness in the US and Europe countries. The purpose of this study was to develop
age- and sex-specific smoothed percentile curves for fitness using the LMS method in Korean adolescents aged
13-18 years.

Methods: A sample of 14,794 adolescents (7,688 boys and 7,106 girls) who participated in the National Fitness
Award Project in 2013 and 2014 was analyzed. The components were cardiorespiratory fitness (20-m PACER),
muscle strength (handgrip strength), muscle endurance (partial curl-up, 30-s endurance jump), and flexibility (sit
and reach). Age- and sex-specific smoothed percentile curves were calculated for fitness using the LMS method.
Results: Age- and sex-specific smoothed percentile curves (5th, 10th, 25th, 50th, 75th, 90th, and 95th) were
presented for each fitness component. Except for flexibility, fitness levels were higher in boys than in girls. In
general, performance in fitness components, except for partial curl-ups, increased with age in boys. However, in
girls, performance in fithess components, except for partial curl-ups, slightly increased or remained stable.
Conclusion:This study presented age- and sex-specific fitness percentile curves for Korean adolescents aged 13-
18 years. This material might be useful in understanding and evaluating the fitness status of Korean adolescents.
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INTRODUCTION

Health-related physical fitness in youth is known to affects
health-related outcomes in adolescents as well as in adulthood."?
Physical fitness in youth is associated with musculoskeletal health
and risk factors of cardiovascular disease®* Physical fitness has also
positive effects on mental health, including depression and anxiety,
as well as on academic performance in adolescence.® Despite the
significance of physical fitness in adolescence, most of Korean ado-
lescents trend toward deteriorating physical fitness and increasing
obesity rate.’ Korean adolescents represent declines of physical fit-

ness levels as they advance grade levels, from elementary to middle

and high school’, thus calling for strategies to improve physical fit-
ness in adolescents. In the US, there is a nationwide physical fitness
promotion program for youth, so called the FITNESSGRAM®. In
the FITNESSGRAM®, physical fitness percentiles were developed
to manage youth physical fitness.”

A norm-referenced evaluation that provides the relative position
of an individual’s physical fitness level within a group is one of the
most common ways to assess physical fitness.® However, most of
Korean youth fitness studies has been expensively reviewed in rela-
tion to the obesity.”!! There were several studies on secular fitness
trends for adolescents.>'" In 2009 youth fitness criteria was set for

the Physical Activity Promotion System (PAPS), but has some
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limitations such as selection bias in sampling and statistical model-
ing of growth status."* Thus, norm-referenced fitness evaluations
are needed with a large nationally representative sample in order to
develop physical fitness reference for Korean adolescents which re-
flects growth.®

LMS (L curve =skewness, M curve =median, and S curve =
coefficient of variation) method has recently been used to identify
reference values that affect growth status in adolescence (right
skewed distribution).”*5!® The method has also been used in the
development of growth charts in the US and UK to present physi-
cal fitness percentile curves by age and sex'”'®
ment of WHO growth charts in 2006.”

The LMS method was used to smooth a large data set that does

and in the develop-

not follow a normal distribution, calculating accurate z-scores by
age and sex in order to present the data in standardized percentile
curves. This method has also been used for assessing height and
weight after independently developing growth charts for Korean
children and adolescents in 2007.2° However, the LMS method has
never been applied to physical fitness percentiles for Korean adoles-
cents. Thus, the purpose of this study was to develop age- and sex-
specific physical fitness smoothed percentiles curves for Korean ad-
olescents (13-18 years of age) using the LMS method. The findings
of this study, which reflect recent research trends on physical fitness
evaluation, might be useful in understanding of the development of

physical fitness in Korean adolescents.

METHODS

Study participants

This study used the raw data of preliminary and main measure-
ments from the National Fitness Award Project (2013 and 2014)
for adolescents aged 13-18 years (n=14,829). The preliminary
measurements comprise raw data for youth physical fitness based
on research as a part of the National Fitness Award Project, which
was collected from a random sample of adolescents (by grade lev-
el) over 10 regions nationwide. The main data comprise measure-
ments for adolescents who voluntarily participated in the National
Fitness Award Project through the national fitness center in each
region. We combined the 2 datasets for analysis in this study. Outli-
ers (n=235) were excluded in the study. As a result, physical fitness
measurements from a total of 14,794 adolescents (7,688 males and
7,106 females) were included in the final analysis. The general

characteristics of the participants are shown in Table 1.

Study methods

The components suggested in the National Fitness Award Proj-
ect (i.e, body composition, aerobic capacity, muscular strength,
muscular endurance, flexibility) were set as the parameters for
physical fitness. The national physical fitness test items showed a
high consistency, with reliability ranging from 0.87-0.99.>' All

items were measured by a certified, professional health and fitness

instructors.
Table 1. Physical characteristics of the participants
Boys Girls p
N M+SD N M+SD

Age (year) 7,688 154+16 7,106 15.1+£16 <0.001
Body composition Height (cm) 7,688 169.5+7.8 7,104 159.8+59 <0.001

Weight (kg) 7,688 63.1+139 7,104 544+98 <0.001

Body mass index (kg/m?) 7,688 219+4.1 7,106 21.3+34 <0.001

Percent body fat (%) 7,625 18.1+84 7,088 276+79 <0.001
Aerobic capacity 20-m PACER (reps) 7,664 469+217 7,088 262+139 <0.001

Estimated VO;max (mL- kg -min”) 7,662 490+5.8 7,085 39.0+48 <0.001
Muscular strength Handgrip strength (kg) 1677 335+0.1 7,092 23.0+0.1 <0.001
Muscular endurance Partial curl-up (reps) 3274 399+216 3,59 309+22.1 <0001

30-s endurance jump (reps) 6,090 435+11.3 5,808 284+108 <0.001
Flexibility Sitand reach test (cm) 7,680 77+92 7,103 135+94 <0.001

Data are presented as mean (m)=+ standard deviation (SD).

PACER, progressive aerobic cardiovascular endurance run; VO,max, maximal oxygen uptake.
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Body composition measurement

Body composition measurement comprised height (cm), weight
(kg), body mass index (BMI), and percent body fat. Height was
measured in units of 0.1 cm with a height scale and weight was re-
corded to the nearest 0.1 kg. Percent body fat was measured using
bioelectrical impedance analysis (BIA) with the Inbody v 320
(BioSpace, Seoul, Korea). All metals and accessories were removed

for the measurements.

Physical fitness measurement

The physical fitness battery of The National Fitness Award Proj-
ect is composed of aerobic capacity (Progressive Aerobic Cardio-
vascular Endurance Run: 20-m PACER), muscular strength (hand-
grip strength), muscular endurance (partial curl-up; 30-s endurance
jump), and flexibility (sit and reach test). For the 20-m PACER, the
maximum number of repetitions was recorded, and maximal oxy-
gen uptake (VO,max) was calculated using a quadratic model
based on the 20-m PACER measurement.”” Handgrip strength was
individually measured twice for the left and right hands, and the
highest value was recorded to the nearest 0.1 kg. For the partial curl-
up, the maximum number of repetitions at the beep was recorded.
Sit and reach was performed twice, and the highest measurement
was recorded to the nearest 0.1 cm. For the 30-s endurance jump,

the number of jumps performed in 30 s was recorded.

Data analysis

All data were presented as means and standard deviations. Statis-
tical analyses were performed using SPSS v 18.0 (SPSS, Chicago,
IL, USA) software, with the level of significance set to .0S. Body
composition and physical fitness were compared by sex using one-
way analysis of variance (ANOVA).

Physical fitness was presented in age- and sex-specific percentiles
(Sth, 10th, 25th, 50th, 75th, 90th, and 95th) and curves using the
LMS method. The LMS method provides a way of estimating per-
centile curves that are smoothed according to the maximum penal-
ized likelihood. To compute physical fitness percentiles, we sepa-
rated gender and used z-scores that were estimated by applying L
curves by age (Box-Cox power to eliminate skewness), M curve
(median), and cubic spline curve, a cubic function of the S curve

(coefficient of variation). LMS chartmaker software (Light V.2.54;
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by Tim Cole and Huigi Pan) was used to compute L, M, and S val-

ues and percentiles.

RESULTS

Characteristics of the participants were presented as body com-
position and physical fitness parameters by sex (Table 1). Boys
(15.4£1.6 years) were older than girls (15.1+1.6 years) (P<
0.001). With regard to body composition, boys had greater height,
weight, and BMI, but girls had higher percent body fat (P<0.001).
With regard to physical fitness variables, boys showed better per-
formance in the following components: 20-m PACER, estimated
VO,max, handgrip strength, partial curl-up, and 30-s endurance
jump (P<0.001). On the other hand, girls showed better perfor-
mance in sit and reach (P < 0.001).

The physical fitness percentiles by sex and age for each compo-
nent were presented as curves in 7 intervals (Sth, 10th, 25th, S0th,
75th, 90th, and 95th) (Fig. 1). In boys, overall physical fitness was
either unchanged or declined at age 15-16 years. Whereas boys
tended to show better 20-m PACER, handgrip strength, 30-s en-
durance jump, and sit and reach performance with advancing age,
their partial curl-up performance declined with advancing age. In
girls, overall physical fitness also was either unchanged or declined
at age 15-16 years. Girls showed consistent 20-m PACER and 30-s
endurance jump performance regardless of advancing age. Al-
though their partial curl-up performance mildly deteriorated with
advancing age, handgrip strength and sit and reach performance
mildly improved.

We presented L values, M values, S values, and percentiles for each
physical fitness component by age and sex (Tables 2-6). The L, M,
and S values by age and sex could be plugged into an equation along
with the actual physical fitness measurements to compute an indi-
vidual’s percentile (z-score). Conversely, physical fitness values that
fall under a certain percentile could also be computed [equation z-
score = [ (actual measurement/M)"-1]/(Lx S) ]2

DISCUSSION

Physical fitness in youth affects health in adolescence as well as in
adulthood.? Physical fitness criteria for youth are extensively stud-
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Table 2. Age- and sex-specific LMS values and percentiles for 20-m PACER (reps)

L M S 5th 10th 25th 50th 75th 90th 95th

Boys (year)
13 0.569 384 0.489 131 17.7 26.6 384 52.0 65.6 745
14 0.607 439 0472 154 20.7 308 439 58.7 735 829
15 0.651 46.4 0.464 16.2 219 32.7 46.4 61.7 76.7 86.2
16 0.704 472 0.467 156 21.7 33.1 472 62.7 717 87.2
17 0.733 479 0.475 15.0 214 333 479 639 793 88.9
18 0.737 475 0.488 141 205 326 475 63.8 794 89.2

Girls (year)
13 0.313 235 0.484 94 1.8 16.7 235 321 45 479
14 0.301 24.2 0.498 95 19 17.0 24.2 333 434 50.3
15 0.328 236 0.509 89 1.3 16.4 236 327 27 495
16 0.360 234 0.524 8.3 10.8 16.0 234 326 427 496
17 0.355 243 0.552 8.1 10.7 16.3 243 344 456 533
18 0.316 26.1 0.588 8.2 1.0 17.1 26.1 379 513 60.7

L, skewness; M, median; S, standard deviation; PACER, progressive aerobic cardiovascular endurance run.
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Table 3. Age- and sex-specific LMS values and percentiles for handgrip strength (kg)

L M S 5th 10th 25th 50th 75th 90th 95th
Boys (year)
13 0.393 248 0.254 15.7 175 208 24.8 29.3 337 365
14 0.545 295 0.232 19.2 213 250 295 34.3 388 a7
15 0.651 332 0214 222 245 285 332 38.1 427 456
16 0.666 36.0 0.202 24.7 27.1 312 36.0 410 457 486
17 0616 373 0.192 26.3 286 326 373 423 470 498
18 0477 382 0.182 21.7 298 337 382 430 476 50.5
Girls (year)
13 0.447 204 0.213 14.0 (518 176 204 815 26.4 283
14 0.225 216 0.221 148 16.1 186 216 25.0 284 306
15 0.056 222 0.230 15.1 16.5 19.0 222 259 297 322
16 -0.056 22.3 0.240 15.1 16.4 19.0 223 26.2 304 332
17 -0.134 232 0.246 15.7 171 19.7 232 215 32.1 35.3
18 -0.165 244 0.251 16.4 178 20.7 244 29.0 34.0 375
L, skewness; M, median; S, standard deviation.
Table 4. Age- and sex-specific LMS values and percentiles for partial curl-up (reps)
L M S 5th 10th 25th 50th 75th 90th 95th
Boys (year)
13 0672 4.4 0529 120 18.0 295 444 61.2 717 88.1
14 0.541 405 0533 124 173 27.1 405 56.2 72.3 829
15 0.441 35.2 0.545 1.2 153 236 352 496 64.8 750
16 0.382 334 0.569 105 142 22.1 334 478 635 74.3
17 0.362 314 0.590 95 130 204 314 456 61.3 722
18 0.365 34.1 0612 97 135 218 34.1 50.0 67.9 80.3
Girls (year)
13 0.421 29.1 0.733 54 88 16.7 29.1 456 64.3 712
14 0.375 28.7 0.730 58 9.1 16.6 287 451 64.0 714
15 0.343 215 0.743 56 87 159 215 437 62.7 76.3
16 0319 245 0.765 49 76 139 245 394 574 705
17 0.301 226 0.805 42 6.6 125 226 374 55.6 69.0
18 0.294 212 0.857 34 56 112 212 36.1 54.8 68.8
L, skewness; M, median; S, standard deviation.
Table 5. Age- and sex-specific LMS values and percentiles for 30-s endurance jump (reps)
L M S 5th 10th 25th 50th 75th 90th 95th
Boys (year)
13 1.256 39.7 0.264 212 255 324 397 46.6 526 56.1
14 1415 429 0.243 238 284 356 429 497 55.5 58.9
15 1.520 449 0.228 258 305 37.7 449 515 57.2 60.4
16 1577 46.0 0.221 26.8 316 388 46.0 525 58.1 61.3
17 1616 46.3 0.220 26.8 31.7 39.1 46.3 529 584 61.6
18 1635 472 0.221 212 32.3 398 472 54.0 596 62.9
Girls (year)
13 0.684 26.4 0.349 128 155 205 264 329 39.1 429
14 0674 28.3 0.358 134 16.3 217 283 354 422 46.5
15 0.685 288 0.373 130 16.1 218 288 36.3 435 48.0
16 0.702 280 0.395 11.8 15.0 209 280 35.8 432 479
17 0.682 274 0.415 109 142 20.1 214 354 432 48.1
18 0.628 280 0431 11.0 142 20.3 280 36.5 449 50.2

L, skewness; M, median; S, standard deviation.
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Table 6. Age- and sex-specific LMS values and percentiles for sit and reach test (cm)

L M S 5th 10th 25th 50th 75th 90th 95th

Boys (year)
13 0473 17 0.737 13 22 44 17 12.1 16.8 20.1
14 0.504 8.7 0.712 15 26 50 8.7 133 18.3 217
15 0528 9.6 0.691 17 29 56 96 146 199 234
16 0.546 107 0.678 19 33 6.3 107 16.1 2.7 255
17 0.557 109 0.666 2.0 34 6.5 109 16.3 219 256
18 0.568 11 0.653 2.1 36 6.7 1M1 16.4 220 256

Girls (year)
13 0.762 133 0.536 3.1 5.0 8.7 133 183 23.1 26.1
14 0.794 145 0.520 815 5.6 96 145 19.7 24.7 27.8
15 0.822 15.3 0.507 37 6.0 102 153 206 257 288
16 0.841 15.5 0.498 39 6.2 105 155 209 259 290
17 0.854 15.7 0.494 39 6.3 106 15.7 211 26.1 29.1
18 0.873 16.1 0.491 40 6.4 109 16.1 215 265 296

L, skewness; M, median; S, standard deviation.

ied in the US and Europe for the management of declining physical
fitness and increasing obesity rates in adolescence.”'* However, a
majority of Korean studies on youth physical fitness assessment fo-
cused on presenting yearly trends and criteria with reference to
obesity.>*" Furthermore, the PAPS modified in 2009 failed to con-
sider the limitations of selection bias in sampling and growth status
in evaluating adolescent physical fitness.'* To address such prob-
lems, the LMS method has been used in the US and Europe to
present physical fitness percentile curves by age and sex”''¢, but no
such attempt has been made in Korea. This highlights the need to
develop new physical fitness criteria in Korea that reflect adolescent
growth, to remain current with recent research trends.

The present study utilized large-scale data for 14,792 boys and
girls aged 13-18 years who participated in the 2013 and 2014 Na-
tional Fitness Award Project. This was the first study in Korea to
present physical fitness percentile curves by age and sex using the
LMS method. According to our findings, boys showed better per-
formance with advancing age in most of the physical fitness com-
ponents, but girls showed no change or mild improvement in phys-
ical fitness with advancing age. On the other hand, boys and girls
showed declining flexibility and muscular endurance (partial curl-

up), respectively, with advancing age.

Aerobic capacity
Boys showed better 20-m PACER performance than girls did.
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Whereas boys showed increasing aerobic capacity with advancing
age, with a plateau after age 16, girls showed consistent aerobic ca-
pacity as they aged. This is consistent with the general knowledge of
growth and development of cardiorespiratory fitness by age in male
and female adolescents.** The difference in cardiorespiratory fitness
by sex may reflect the increased muscle mass and oxygen delivery
associated with increased male hormones (testosterone) in male ad-
olescents following puberty* Based on the aerobic capacity criteri-
on suggested by PAPS™, only a small proportion of students were in
the top grades (grades 1 and 2), while a larger proportion of stu-
dents were in the lower grades (grades 4 and $), among both boys
and girls (boys > grade 2: 34.7%, < grade 4: 42.5%; girls > grade 2:
26.6%, < grade 4: 46.9%). In other words, most boys and girls had
low aerobic capacity, which was in line with the findings of a previ-
ous study that reported deterioration of physical fitness in adoles-
cents in accordance with differences in generations."”

When we compared the aerobic capacity (VO,max) of Korean
boys and girls with those of American counterparts’, Korean youth
tended to have higher aerobic capacity (median, S0th percentile) by
sex and age than those of American counterparts (Fig. 2). This also
supports the findings of a prior Korean study on Korean and Amer-
ican adolescents aged 14 years (1.5-Mile run).?” Although direct
comparison is limited owing to the differences in ages of the sub-
jects and selected aerobic capacity components (20-m PACER vs
1.5-Mile run), Korean adolescents are thought to have higher aero-
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Figure 2. Comparative smoothed centile curves of the 5th, 10th, 25th, 50th, 75th,
90th, and 95th for the estimated VO,max between Korean (solid lines) and US
(dotted lines).

bic capacity than American adolescents.”” In addition, adolescents
below the 75th percentile had higher aerobic capacity than that of
their American counterparts, but adolescents above the 75th per-
centile had lower aerobic capacity than that of their American
counterparts. Such results reflect previous reports of declining car-
diorespiratory fitness with increasing obesity***’, and allude to the
fact that differences in obesity between Korean and American ado-
lescents may play a role in the differences in physical fitness be-
tween the groups. Both boys and girls in this study had lower BMI
than that of American adolescents, which is presumed to have con-
tributed to the differences in their cardiorespiratory fitness (boys
21.9+4.1 vs 22.7+0.2 kg/m? girls 21.3+3.4 vs 23.0+0.2 kg/m?).
Furthermore, the differences in the cardiorespiratory fitness of Ko-
rean and American adolescents may also be related to the VO,max
equation used in this study. Whereas American studies estimate
VO,max based on a submaximal exercise test, we used the maximal
values of the 20-m PACER, which is the gold standard. VO,max is
intimately related to cardiac function, and is the most widely used
standard for measuring cardiorespiratory fitness.* Despite the limi-
tations in direct comparison of results due to differences in estima-
tion equations, the comparison of VO,max is meaningful in identi-

fying the trends in cardiorespiratory fitness by age and sex.

Muscular strength

Handgrip strength, a component of muscular strength, was
greater in boys than in girls. Muscular strength increased with ad-
vancing age and plateaued after the age of 16 in boys, while it re-

mained largely unchanged in girls, even with advancing age, similar

https://doi.org/10.7570/jomes.2017.26.1.61
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Figure 3. Comparative smoothed centile curves of the 10th, 50th, 90th for the
handgrip strength test between Korean (solid lines) and European (dotted lines).

to previous findings.® Such differences in muscular strength be-
tween boys and girls are a result of the differences in sex hormones
that are produced after puberty. Whereas boys have a rapid increase
in lean body mass, girls only have a mild increase of lean body mass
due to increased body fat mass.”® Based on the PAPS handgrip
evaluation criterion®®, only a small proportion of students were in
the top grades (grades 1 and 2) while a larger proportion of stu-
dents were in the lower grades (grades 4 and ) in both boys and
girls (boys > grade 2: 16.2%, < grade 4: 48.0%; girls > grade 2:
18.1%, < grade 4: 41.8%). In other words, most boys and girls had
low muscular strength.

When the muscular strength (handgrip strength) of adolescents
in this study was compared to that of European counterparts'?, both
boys and girls had lower values, but showed similar age-specific
curves (Fig. 3). In boys, handgrip strength in 13-year-olds was simi-
lar to that of European boys, but the rate of increase in muscular
strength after the age of 14 was smaller than that of European boys.
This is thought to be influenced by the fact that Korean and Euro-
pean adolescents have similar BMI (boys 21.9+4.1 vs 21.6£4.0
kg/m?, girls 21.3+ 3.4 vs 21.4 £ 3.5 kg/m?) but show differences in
28 In addition,
a previous Korean study revealed that only 20.1% of all male and fe-

lean body mass, which is related to handgrip stren

male adolescents perform muscle strengthening exercise at least 3
times a week, indicating the inadequacy of muscle strength training
in Korean adolescents.’ As muscle strength is another independent
risk factor for cardiovascular disease in addition to cardiorespiratory
fitness®, Korean adolescents should be encouraged to perform regu-

lar muscle strengthening exercise.
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Muscular endurance

There was a decreasing trend in partial curl-up performance in
both boys and girls with advancing age, which was similar to the re-
sults of a previous Korean study.’ Based on the PAPS partial curl-
up criterion’, only a small proportion of boys were in the upper
grades (grades 1 and 2), with a higher proportion in the lower
grades (grades 4 and $), while the opposite was true for girls
(boys > grade 2: 16.9%, < grade 4: 47.4%; girls > grade 2: 32.4%,

< grade 4: 28.1%). In other words, boys had lower muscle endur-
ance while girls had higher muscle endurance than boys.

When compared with European adolescents', both boys and gitls
in this study had inferior partial curl-up performance. The trends
were also quite different, as European adolescents showed a trend of
increasing partial curl-up performance with advancing age. With re-
gard to the 30-s endurance jump, boys showed better performance
with advancing age while girls tended to show consistent perfor-
mance, even with advancing age, which was similar to the trend for
bent-arm hang performance in European adolescents."®

The National Fitness Award Project suggests 2 muscular endur-
ance components as essential for adolescents: partial curl-up to test
endurance of abdominal muscles, and endurance jump to test endur-
ance of lower limb muscles. In contrast to the anticipation that ado-
lescent muscle endurance would increase with advancing age, there
were different trends for different areas of muscles, even for the same
muscle endurance components. A previous study showed that un-
derweight and normal-weight adolescents had higher muscular en-
durance than did obese adolescents, suggesting an association be-
tween body weight and relative muscle strength.' In the future,
studies should examine the associations among various muscle en-

durance components and other factors, including body composition.

Flexibility

Girls showed better sit and reach performance (flexibility) than
did boys. Flexibility increased with advancing age in both sexes,
with only mild increases after the ages of 16 for boys and 15 for
girls, which was similar to the findings of a previous study.® This
trend was similar to that for growth and development of flexibility
in adolescents by age®, and the sex difference in the development
of flexibility is presumed to be a result of greater growth of sitting
height (trunk length) in girls after the age of 11.2 Based on the
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PAPS criterion for sit and reach™, a high proportion of the students
was in the top grades, but a smaller proportion was in the lower
grades in both sexes (boys > grade 2: 48.8%, < grade 4: 30.0%;
girls > grade 2: 64.3%, <grade 4: 25.4%). In other words, most
boys and girls showed relatively good flexibility.

A limitation of this study, despite the use of large-scale data, is
the use of reference values based on a cross-sectional analysis. A
longitudinal study, which continuously follows-up on growth and
maturation over time, is required to achieve complete understand-
ing of the development of physical fitness in adolescence. However,
the representativeness of our sample is largely unchanged from that
shown by the 2007 Growth Charts for Korean Children and Ado-
lescents suggested by the Centers for Disease Prevention and Con-
trol (z-scores of sex- and age-specific height, weight, BMI 0.01-
020£0.9-1.2).%

This study presented health-related physical fitness percentiles
based on large-scale data for adolescents who participated in the
National Fitness Award Project. The use of the LMS method en-
abled us to factor adolescent growth into our analysis and compare
some physical fitness components with those of foreign adoles-
cents, which may also be useful for understanding the level of phys-
ical fitness of Korean adolescents. However, prospective cohort
studies are required to strengthen the features of physical fitness
criteria, and continuous studies and management of measurement

data are also important.
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