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ABSTRACT

Background: Cardiorespiratory fitness involves
both cardiovascular and respiratory capacities.
However, existing methods have been criticised
for reflecting cardiovascular fitness, but not
pulmonary fitness. The objective of this study
was to investigate the relationship between
these two testing parameters. Methods: A cross-
sectional population-based physical fitness as-
sessment was conducted in 23 schools. The
body height and weight, lung capacity, and step
test results of students aged 10 - 18 were rec-
orded. Criterion-referenced standards from the
China Sports Bureau were adopted, as they
include separate measurements for cardiovas-
cular and pulmonary fitness. Results: The Pear-
son coefficients of lung capacity and the step
test index from 13,028 schoolchildren ranged
from 0.007 to 0.086 and from 0.026 to 0.105 for
boys and girls, respectively, showing that poor
correlations exist between the two parameters.
Cluster analysis resulted in three clusters of
children with similar characteristics. A good de-
gree of similarity was found between the two
parameters in children obtaining an “excellent”
grade, but only a moderate degree of similarity
between the two parameters in those obtain-
ing a “good”, “pass” or “fail” grade. Conclusion:
When cardiovascular fithess and pulmonary fit-
ness are considered separately, there is a poor
correlation between them, thus indicating fur-
ther studies of cardiopulmonary fitness mea-
surements is necessary.
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1. INTRODUCTION

Cardiorespiratory fitness (CRF) indicates a healthy car-
diovascular profile in youth [1-3]. CRF assessments are
common in physical education, exercise programmes and
health-related physical fitness assessments. The literature
reports that CRF is sometimes used instead of cardi-
ovascular fitness to reflect the functional capabilities of
the heart, blood vessels, lungs and skeletal muscles as a
body system in performing large-muscle, dynamic, mod-
erate to high-intensity exercises over relatively long pe-
riods [4]. Ortega et al. [2] define CRF as the overall ca-
pacity of the cardiovascular and respiratory systems and
the ability to perform prolonged strenuous exercise. As
CRF involves both the cardiovascular and pulmonary sys-
tems, it is reasonable from the perspective of human bi-
ology to integrate their functions as the circulation sys-
tem. However, is it true that cardiovascular fitness equates
to respiratory fitness? There is a gap in the research on
the relationship between these two fitness parameters,
and the aim of this study was thus to explore whether a
single field test can assess both cardiovascular and res-
piratory fitness.

CRF assessments include maximal exercise testing,
submaximal exercise testing and field testing. Maximal
and submaximal testing are more accurate than field
testing in tracking an individual’s CRF function, but they
require trained personnel, complex equipment and a long
testing period, and pose a higher level of risk. Thus, they
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are infeasible in large group assessments. In practice, three
types of CRF field tests are commonly applied: fixed
distance tests, fixed time tests and bench stepping proto-
cols. Fixed distance and fixed time tests usually require
individuals to run at a maximal or near-maximal level of
exertion for performance evaluation. Most studies of CRF
field tests consider the 20-metre shuttle run [5-11] as the
CRF field assessment item. However, caution must be
exercised when using this method, particularly in assess-
ing individuals at moderate to high risk of cardiovascular
or musculoskeletal diseases, as they may suffer compli-
cations [4]. In addition, fixed distance and time tests also
require space and mobility, which may raise concerns in
field settings [12]. Bench stepping protocols, in contrast,
require a relatively small space and less time in large-
scale field measurements. However, applications of bench
stepping protocols such as the Harvard Step Test [13],
YMCA Step Test [14] and China Sports Bureau step test
[15] are rare in the literature.

The literature on field tests for lung capacity measure-
ment is also sparse, although specific lung capacity tests
have been performed in laboratory settings on patients
with thoracic problems [16-18]. In addition, two studies
have reported lung capacity field tests carried out in con-
junction with population-based physical fitness assess-
ments conducted using the protocols of the China Sports
Bureau [19,20]. Cardiovascular fitness and cardiopulmo-
nary fitness are commonly considered interchangeable in
assessing CRF [4]. The current study queries whether a
field assessment of cardiovascular fitness is a good indi-
cator of pulmonary fitness, and examines the correlation
between the assessment results of these two physiologi-
cal systems.

2. MATERIALS AND METHODS
2.1. Participants

Primary and secondary schoolchildren in Hong Kong
were invited to participate in a large-scale physical fit-

ness assessment from September 2005 to December 2011.

A snowball sampling process was adopted to recruit
schools for participation and to refer additional schools
to the research team. In carrying out the study, which
was approved by the university’s ethics committee, the
researchers followed the principles of the Helsinki Dec-
laration of 1975. All of the participating children and
their parents were given information sheets describing the
purpose and methods of the assessment procedures and
the application of the physical fitness results. They were
asked to sign consent forms before the assessments were
administered. Each participating student completed a
battery of field tests according to the China Education
Bureau Protocol [15].
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2.2. Design

The physical fitness assessment was a cross-sectional
survey. This study constitutes secondary analysis of the
data collected in that assessment [21].

2.3. Instruments

The equipment used to assess lung capacity was an
electronic sensor measuring the volume of outflow air in
millilitres. Participants were instructed to breathe in with
as much expanded lung capacity as possible, and then
breathe out as much air as possible through the mouth
piece of the sensor. Six pieces of equipment of the same
model were used in the participating schools, and they
were calibrated each day using a laboratory-certified sy-
ringe before data collection.

A step test was used to assess participants’ cardiovas-
cular fitness. Two students were tested simultaneously
using a long, 25-centimetre-high step box. They were
instructed to step on and off the box repeatedly, alternat-
ing their right and left feet. Students were motivated by
and encouraged to follow music with a programmed
rhythm for three minutes. This protocol was intended to
standardise the type, intensity and time of the aerobic
exercise prior to the assessment. After three minutes of
exercise, the students were asked to rest in a sitting posi-
tion, and a trained researcher measured their pulse rates
at the 60 - 75th, 120 - 135th and 180 - 195th second after
completing the test. A step test index was then calculated
[step test index = (total stepping time in seconds x 100)/
(4 x (SUM of three measured pulse rates)] to determine
whether participants’ heartbeats recovered quickly from
a vigorous to resting level.

2.4. Procedure

Physical education teachers and university student hel-
pers were trained to take field measurements of the stu-
dents’ body height and weight, lung capacity and post-
step test pulse rate at the 6 primary and 17 secondary
schools that agreed to participate in the physical fitness
assessments. Children under the age of 10 were not asked
to take the lung capacity test or step test, and some of the
children were not of Chinese ethnicity. The final sample
included 13,028 children aged 10 to 18.

Criterion-referenced standards for Chinese school-
children [15] were used to classify the results of the lung
capacity and step tests as “excellent”, “good”, “pass” and
“fail”. The volume measurements recorded in the lung
capacity test were transformed into a lung capacity index
by dividing lung capacity in millilitres by body weight.
The corresponding lung capacity indexscores for the four
aforementioned standards were 63 or above, 53 - 62, 29 -
45 and 28 or below for boys and 54 or above, 38 - 53, 18
- 37 and 17 or below for girls. The step test index
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scores for the four standards were 64 or above, 51 - 63,
41 - 50 and 40 or below for boys and 62 or above, 48 -
61, 40 - 47 and 39 or below for girls.

2.5. Statistical Analysis

All analysis was conducted using the Statistical Pack-
age for the Social Sciences, version 20. The results are
stratified by age and sex, and stated by the mean, stan-
dard deviation, 95% confidence interval (CI) of the lung
capacity and step test indices, and the percentiles of 5th,
10th, 25th, 50th, 75th, 90th and 95th. The Pearson prod-
uct-moment correlation coefficients of lung capacity and
the step test index were computed to reveal the relation-
ship between the pulmonary fitness parameter measured
as lung capacity and the cardiovascular parameter meas-
ured as the step test index.

Hierarchical cluster analysis with squared Euclidean
distance was performed to categorise the participants into
meaningful groups by age, lung capacity and step test
index by maximising the similarity of those within each

cluster while maximising the dissimilarity between groups.

Chi-squared test was used to measure the effect size for
gender and lung capacity test ranks and step test ranks by
computed clusters. Since there were four ranks in each
test, Cramer’s V statistics were used. According to Co-
hen (1988), d = 0.10, d = 0.30 and d = 0.50 were used for
the effect sizes of small, medium and large respectively.

3. RESULTS

Of the 13,028 participants, 7154 (54.9%) were boys
and 5874 (45.1%) girls. The mean and standard deviation
of age for the boys were 13.9 and 1.87, respectively, and
those for the girls were 13.9 and 1.88, respectively. Some
of the children were unable to complete the step test or
lung capacity test, with complete test data obtained for
9389 participants.

3.1. Normative Standard of Testing Results

Table 1 presented the normative standards of the lung
capacity and step tests by sex. In general, lung capacity
performance was found to increase with age for both
boys and girls. Amongst bays, the variances in the lung
capacity results between the ages of 13 and 18 were great-
er than those at a younger age, whereas the variances for
girls remained relatively constant, except for an unusual
difference in the 95% C.I. found at age 13. However,
step test performance showed a decreasing trend from
age 12 to 17 in boys and a significant decreasing trend in
girls from age 12. The variances in the step test index
results were similar for boys, but larger variances were
found for girls aged 12 to 13.
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3.2. Correlations of Testing Results

The Pearson-moment coefficients for the lung capacity
results in millilitres and the step test index scores are
listed as R® in Figures 1 and 2. The correlation coeffi-
cients range from 0.007 to 0.086 for boys, with a signifi-
cant correlation found at age 12. Those for girls range
from 0.026 to 0.105, with a significant correlation found
at ages 13 and 14. Scatterplots of lung capacity and the
step test index by sex and age are shown in Figures 1(a)
to (r). The best fit lines are interpolated to illustrate the
correlations.

3.3. Cluster Analysis

Taking sex, age, lung capacity in millilitres and the
step test index as cluster variables and three as the num-
ber of defined solutions, the children were categorised
into three clusters with the shortest distances between
characteristics: 61.8% (n = 5828), 36.7% (n = 3466) and
1.5% (n = 139) in Clusters A, B and C, respectively. In
Cluster A, the number of boys achieving excellent lung
capacity results is similar to the number achieving excel-
lent step test results at all testing ages. More boys achieved
good, pass and fail results in the lung capacity test than
in the step test. Similar numbers of girls achieved excel-
lent and good results in the lung capacity and step tests,
whilst more girls achieved pass and fair lung capacity
results than step test results. The effect sizes for both
lung capacity ranks (d = 0.19) and step tests (d = 0.068)
were small in cluster A.

In Cluster B, the number of boys with excellent lung
capacity results was similar to the number with excellent
step test results, whereas fewer boys had good and pass
lung capacity results relative to step test results. Fewer
boys failed the lung capacity test than the step test. Sim-
ilar numbers of girls achieved excellent lung capacity
and step test results, although the number of good and
pass results was far less for lung capacity than for the
step test. None of the girls in Cluster B failed the lung
capacity test, although some failed the step test. The ef-
fect sizes for both lung capacity ranks (d = 0.146) and
step tests (d = 0.099) were small in cluster B. Finally, in
Cluster C, a similar number of boys achieved excellent
results in the lung capacity and step test, although fewer
boys achieved a good or pass in the lung capacity test
than in the step test. No boys in this cluster failed the
lung capacity test, but several 13- and 15-year-old boys
failed the step test. Similar numbers of girls in Cluster C
achieved excellent lung capacity and step test results. All
girls in Cluster C scored excellent in lung capacity, whe-
reas some achieved a good or pass in the step test. No
girl failed the step test. The effect sizes for both lung
capacity ranks (d = 0.059) and step tests (d = 0.081) were
small in cluster C.
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Table 1. Normative data from lung capacity test and step test.

Age N PS5 P10 P25 P50 P75 P90 P95 Mean s.d. 95% C.I.
Boys lung capacity test (ml)
10 228 1140 1334 1605 1917 2316 2579 2730 1960 530.7 1890, 2029
1 216 1323 1672 1995 2339 2815 3313 3584 2427 644.3 2340, 2513
12 947 1507 1739 2274 2848 3393 3990 4368 2868 863.7 2813, 2923
13 854 1551 2061 2602 3260 3889 4492 4809 3262 1005.1 3194, 3329
14 1003 2058 2368 2963 3626 4226 4847 5187 3612 976.4 3552, 3673
15 971 2293 2632 3293 3919 4550 5084 5386 3901 969.3 3840, 3962
16 453 2338 2655 3246 3802 4491 5030 5289 3838 933.7  3752,3925
17 392 2839 3270 3755 4321 4925 5453 5854 4351 903.5 4261, 4441
18 149 2247 3200 3785 4338 4910 5485 5946 4315 1034 4147, 4482
Girls lung capacity test (ml)
10 194 910 1079 1343 1772 2100 2492 2829 1779 600.4 1694, 1864
11 158 1213 1418 1732 2161 2447 2910 3148 2129 569.3 2039, 2218
12 675 1286 1474 1928 2398 2835 3227 3521 2382 684.9 2330, 2434
13 653 1150 1401 1927 2426 2861 3338 3599 2403 728.7 347, 4954
14 853 1310 1595 2099 2608 3097 3595 3805 2601 753.4 2551, 2652
15 830 1359 1684 2217 2674 3147 3595 3840 2674 752.0 2623, 2726
16 302 1115 1324 1899 2493 2999 3576 3975 2485 853.1 2388, 2582
17 408 1321 1614 2171 2693 3212 3731 3983 2688 797.2 2611, 2766
18 103 1280 1629 2180 2646 2993 3408 3521 2565 655.6 2437, 2693
Boys Step test index
10 228 43.6 46.9 51.7 58.4 64.3 72.6 78.3 58.6 10.12 315, 86.5
1 216 46.3 48.4 53.6 60.0 66.2 72.6 77.8 60.3 1031  59.0,61.7
12 947 439 45.9 50.6 56.3 66.2 76.3 81.8 59.0 11.81  58.2,59.7
13 854 429 45.5 50.0 56.3 65.2 73.8 78.9 58.3 11.16 57.6,59.1
14 1003 44.2 46.9 51.7 57.7 66.2 75.0 81.8 59.5 11.12 58.9, 60.2
15 971 44.6 46.9 51.1 58.4 67.2 77.6 83.3 60.0 12,51 59.2,60.8
16 453 453 46.9 51.7 58.4 66.2 75.0 81.8 60.0 11.76 59.0, 61.1
17 392 41.3 44.3 495 54.9 65.2 77.6 88.2 58.3 13.77 57.0, 59.7
18 149 44.8 46.9 51.7 58.4 67.2 78.9 86.5 60.5 12.10 58.5,62.4
Girls Step test index
10 194 440 46.9 51.1 57.0 63.4 69.8 75.3 57.7 9.31 56.4, 59.0
11 158 459 47.4 51.1 57.3 62.5 69.2 71.4 57.5 8.64 56.1, 58.8
12 675 420 43.7 47.4 52.3 60.0 71.4 78.9 55.1 10.89 54.3,55.9
13 653 421 43.7 47.4 52.3 60.0 69.2 76.3 54.8 10.54 54.0, 55.6
14 853 41.3 43.3 46.9 51.1 59.2 67.2 73.8 53.7 9.77 53.1,54.4
15 830 41.7 43.7 46.9 51.7 58.4 68.2 73.8 53.9 9.73 53.3,54.6
16 302 413 43.7 47.9 52.9 60.8 67.2 72.6 54.6 9.51 53.5,55.7
17 408 41.7 43.7 47.4 51.7 58.4 67.2 73.2 53.7 9.53 52.7,54.6
18 103 41.6 43.7 47.4 50.6 57.7 63.4 70.3 53.0 8.49 51.3,54.6
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Figure 1. Scatterplots of lung capacity and step test index for boys.
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Figure 2. Scatterplots of lung capacity and step test index for girls.

4. DISCUSSION

Awareness of the importance of physical fitness is on
an upward trend, with a growing body of health-related
evidence on muscular capacity, speed and agility. Bou-
chard, Blair and Haskell [22] classified the health-related
components of fitness as cardiorespiratory, musculoske-
letal, morphological, and motor and the cardiorespiratory
components as submaximal exercise capacity, maximal
aerobic power, heart and lung functions and blood pres-
sure. It is clear that although heart and lung functions
represent the cardiorespiratory component of fitness,
cardiorespiratory testing might produce more accurate
results if separated into a cardiovascular function test and
pulmonary function test. In the study reported herein, the
research team hypothesised that there is a correlation
between cardiovascular fitness and pulmonary fitness
and tested the hypothesis using a dataset collected from
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schoolchildren aged 10 to 18. The advantages of this sec-
ondary analysis were the large sample size and its repre-
sentativeness as a population-based assessment. In addi-
tion, the protocol, which was adopted from the China
Sports Bureau, is one of the few to separate cardiopul-
monary testing into a cardiovascular test and pulmonary
test. It was thus deemed useful for determining whether
cardiovascular and pulmonary fitness are correlated.

The lung capacity test results show pulmonary capac-
ity to increase with age in both boys and girls, although
there are significantly greater variations in this compo-
nent of fitness as shown in standard deviations for boys
between the ages of 13 and 18. As children are promoted
to secondary school at the age of 13, these findings could
possibly due to secondary school life that affect some
boys’ pulmonary fitness, but not in girls. Further research
is necessary to better understand the association between
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school curriculum, adolescent health and fitness. The step
test results show this parameter of fitness to remain fairly
constant for boys, but to decrease significantly with age
for girls. Taking the example of the boys in percentile
50th (P50), the step test index scores were highest at ages
10, 11, 15, 16 and 18, with significant drops recorded at
ages 12, 13 and 17. Amongst the P50 girls, the step test
index scores declined between the ages of 10 and 18.
These profiling results indicate a clear deterioration in
pulmonary fitness amongst boys and cardiovascular fit-
ness amongst girls as they grow up. They thus warrant
the immediate attention of policymakers and educators,
who need to recommend sound physical education or
other interventions.

The Pearson correlation coefficients and scatterplots of
the lung capacity and step test results provide good evi-
dence of the poor correlation between pulmonary fitness
and cardiovascular fitness. However, a correlation test
alone cannot give us a clear understanding of whether
children who obtain good lung capacity test results will
also do well in a step test. In this study, cluster analysis
allowed the participating children to be categorised into
three clusters with similar characteristics for further veri-
fication. The three clusters demonstrated a good degree
of similarity amongst the children with excellent results
for both test items and a moderate degree of similarity
amongst those with good results for both. However, there
was less similarity amongst those obtaining a pass or fair
result for both test items, which suggests that cardiovas-
cular fitness does not necessarily equate to pulmonary
fitness. Further research with stringent controls is re-
quired to produce more evidence in support of such a
conclusion. The findings reported herein provide a good
foundation for research on the comparative efficacy of
single tests versus separate tests in evaluating cardi-
opulmonary fitness.

5. CONCLUSION

This study is the first to investigate whether a single
field testing parameter can sufficiently reflect cardiopul-
monary fitness in a physical fitness assessment. Its find-
ings show that if cardiopulmonary fitness is assessed
separately as cardiovascular fitness and pulmonary fit-
ness, there is a poor correlation between the two. Child-
ren who obtain good results in cardiovascular function-
ing may not achieve good results in lung capacity. Strin-
gent maximal tests should be performed in future studies.
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