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Backgroud/Objective: Cardiorespiratory endurance is an excellent marker of functional endurance and
health among adults. The aim of this study was to estimate temporal trends in step test performance for
Chinese adults between 2000 and 2014.
Methods: Apparently healthy adults aged 20e59 years were included. Nationally representative step test
data (n ¼ 603,977) from 2000, 2005, 2010, and 2014 were reported descriptively by the China Physical
Fitness Surveillance Center. Temporal trends in means were estimated at the sex-age level for all adults
and separate location/occupation groups using sample-weighted linear regression, with trends in
distributional characteristics described visually and estimated as the ratio of coefficients of variation
(CVs).
Results: Collectively, there was a negligible improvement in mean step test performance of 0.12 stan-
dardized effect sizes (95% confidence interval (95%CI): 0.11e0.13). Negligible to small improvements
were observed for all age, sex, location, and occupation groups. Variability declined substantially over
time (ratio of CVs (95%CI): 0.86 (0.86e0.86)), with negligible to large improvements in those below the
10th percentile, and negligible to moderate declines in those above the 90th percentile.
Conclusion: There have been negligible to large improvements in step test performance for low to
average performing Chinese adults since 2000, which may be meaningful to public health because low
endurance is an important risk factor for all-cause mortality.

© 2021 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommo

ns.org/licenses/by-nc-nd/4.0/).
Introduction

Cardiorespiratory endurance (CRE) is the ability to perform
large-muscle, whole-body, moderate to vigorous intensity physical
activity for long periods.1 Low CRE is significantly associated with
all-cause and cardiovascular mortality (independent of age, sex,
smoking, alcohol, self-reported physical activity levels, socioeco-
nomic status, comorbidities and other covariates),2e5 cancer (e.g.,
respiratory, thoracic, central nervous system, hematological),5
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stroke,6 type 2 diabetes,7 hypertension,8 poorer quality of life,9

cognitive declines,10 and functional impairments.11 The American
Heart Association12 recommends CRE as a clinical vital sign because
it substantially improves the net reclassification of patients in
clinical settings when added to traditional risk factors.13 This
health-related evidence supports the promotion of aerobic exercise
in national14e16 and global17 physical activity guidelines for adults.
For these reasons, temporal trends in CRE may provide important
insights into corresponding trends in population health.

CRE can be measured using a variety of maximal or submaximal
field- or laboratory-based run/walk, cycling, or step tests. Although
indirect calorimetry using expired gas analysis is the criterion
measure of maximal oxygen uptake ( _VO2max) during progressive
aerobic exercise to volitional fatigue, such testing is time-
ublished by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:grant.tomkinson@und.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jesf.2021.07.001&domain=pdf
www.sciencedirect.com/science/journal/1728869X
http://www.elsevier.com/locate/jesf
https://doi.org/10.1016/j.jesf.2021.07.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jesf.2021.07.001
https://doi.org/10.1016/j.jesf.2021.07.001


Y. Liu, M.S. Tremblay and G.R. Tomkinson Journal of Exercise Science & Fitness 19 (2021) 216e222
consuming, expensive, ecologically invalid, and requires partici-
pants to exercise to maximal effort, which increases the risk of
adverse events for some individuals.18,19 Submaximal exercise
testing on the other hand is simple, inexpensive, can easily be
administered to large groups of individuals simultaneously, and
because exercise is performed at a lower intensity, the risk of
adverse events is lower compared to maximal testing.18e20 Step
tests, whichmeasure heart rate during recovery from a submaximal
stepping task, are a feasible, ecologically valid, and scalable mea-
sure of functional endurance (i.e., the ability to perform submaxi-
mal ambulatory aerobic exercise using a familiar activity of daily
living) for clinical screening and population surveillance.18,21,22 In
adults, step testing has moderate to very high criterion validity for
estimating gas-analyzed _VO2max (in ml/kg/min),18 a small standard

error of estimate (<7% of mean measured _VO2max),
18 nearly perfect

test-retest reliability,18,22,23 and is generally safe and well
tolerated.18,21,22

We recently published a large meta-analysis of temporal trends
in functional endurance for adults, which showed a negligible (per
decade) international decline of 0.13 standardized (Cohen's) effect
sizes (ES), or 1.6%, across 2,525,827 adults (aged 18e59 years)
representing eight high- and upper-middle-income countries over
the period 1967e2016.24 As part of our meta-analysis, we found a
small (per decade) decline in mean distance running performance
(800-m (women) and 1000-m (men)) of 0.34 ES, or 3.8%, from 1985
to 2014 in a nationally representative sample of 499,229 Chinese
adults aged 18e22 years. To the best of our knowledge, no study has
reported on recent trends in functional endurance for a nationally
representative sample of Chinese adults not aged between 18 and
22 years. Furthermore, it is not known whether there have been
temporal trends in the distributional characteristics of adult func-
tional endurance (i.e., trends in distributional variability and/or
asymmetry). Such knowledge would help to identify whether
trends in mean functional endurance were uniform (i.e., similar in
those with low, medium, or high endurance) or non-uniform (i.e.,
dissimilar in those with low, medium, or high endurance) across
the distribution. This issue is potentially important in under-
standing both how the trends in functional endurance came about
and how best to address them (e.g., if declining).

Examination of national temporal trends in adult functional
endurance will not only improve insights into population health for
such countries, but also will facilitate between-country compari-
sons, improve knowledge of global and regional trends, provide
insight for healthy public polices and interventions, and potentially
predict future disease burden. Over the past two decades, the China
Physical Fitness Surveillance Center has conducted national fitness
surveillance of 20-to 59-year-olds in 2000, 2005, 2010, and 2014,
and published summary statistics for functional endurance as step
test performance in their “Report on National Physical Fitness
Surveillance”.25e28 Using these nationally representative summary
fitness data, the primary aim of this study was to estimate temporal
trends (in means and distributional characteristics) in step test
performance for Chinese adults (aged 20e59 years) between 2000
and 2014.
Methods

Participants and sampling procedures

Using complex, stratified, multistage probability cluster sam-
pling, nationally representative samples of civilian, non-
institutionalized Chinese adults (aged 20e59 years) were
measured for functional endurance using submaximal bench
stepping in 2000, 2005, 2010, and 2014. The sampling procedure
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across the four national surveys has been described in detail else-
where.29 Briefly, the sampling procedure comprised six stages: (1)
covered all 31 provinces, autonomous regions, and municipalities
across Mainland China; (2) the random selection of three cities
from each province based on economic status, operationalized as
city-level gross domestic product (GDP); (3) the random selection
of three districts from urban areas, and three counties from rural
areas, from selected cities; (4) the random selection of three streets
from selected districts and three towns from selected counties; (5)
the random selection of two residential communities from selected
streets and two villages from selected towns; and (6) the systematic
sampling (to ensure equal numbers) of eligible participants from
selected residential communities and villages who had been living
at their current residence for the past three years. All four national
fitness surveys were conducted between April and October, with
fitness test results statistically processed and reported as summary
statistics (sample sizes, means, standard deviations (SDs), and
percentiles).25e28 Because only summary statistics were available
and used in our analysis, this study was exempted from review by
the university institutional review board at the authors’ respective
universities and from subject informed consent.

Prior to sample selection, all potential participants were asked
whether they had any known genetic, chronic or acute diseases,
and/or disabilities, which could affect their ability to participate in
exercise. Unfortunately, no data on medical exclusions were avail-
able. Collectively, functional endurance data were available for
603,977 apparently healthy adults (i.e., free from known disease
and/or disability; men, 50.1% n ¼ 302,386; women, 49.9%
n ¼ 301,591) aged 20e59 years over the period 2000e2014. The
mean sex-age-location-year-specific sample sizes were 3101
(range: 2726e3309) and 6336 (range: 5773e6684) for rural and
urban adults, respectively. Among urban adults, the mean sex-age-
occupation-year-specific sample sizes were 3143 (range:
2860e3303) and 3192 (range: 2879e3424) for manual and non-
manual laborers, respectively.

Testing procedures

Functional endurance was estimated by trained technicians
using a standardized single-stage, fixed-height, and fixed-rate step
test protocol.25e28 Participants were asked to follow the pre-testing
guidelines, which included no strenuous exercise or heavy labor
within 12 h of testing, dressing in sportswear (e.g., shorts and a
short-sleeved shirt), and warming-up prior to exercise testing to
avoid injury.29 After 5min of quiet rest, participants stepped up and
down a 30-cm (men) or 25-cm (women) step for 3min at the rate of
30 repetitions per minute, which was set by a metronome. When
the signal started, each participant placed one foot on the step,
stepped up, placed the other foot on the platform, straightened
both legs and stood upright, and then stepped down, bringing
down the same foot that was first placed up. This sequence
constituted 1 repetition, with participants repeating the sequence
for as long as possible, up to 3 min, with the test stopped by
technicians (and the test duration subsequently recorded) if par-
ticipants could not maintain the required stepping rate for 3
consecutive repetitions. After the completion of the test, partici-
pants were asked to sit quietly on a chair while heart rate (bpm)
was measured by a fingertip pulse oximeter for three 30-s intervals
at 1-, 2-, and 3-min post-exercise. Step test performance was
calculated using the following step test index formula30 (Eq. (1)):

STI¼ 100t
HR1 þ HR2 þ HR3

(1)

where STI ¼ step test index, t ¼ time (seconds) of the step test,
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HR1 ¼ heart rate (bpm) at 1.0e1.5 min post-test, HR2 ¼ heart rate
(bpm) at 2.0e2.5 min post-test and HR3 ¼ heart rate (bpm) at
3.0e3.5 min post-test.

Participants self-reported their age and sex. Location (rural and
urban) was defined by the sampling area. Occupation (manual la-
bor (e.g., construction worker, factory employee, waiter) and non-
manual labor (e.g., teacher, doctor, office worker)) was classified
(for urban adults only) by survey staff according to the sampling
unit (e.g., if the sampling unit was a construction company, then all
builders were classified as manual labor and all administration staff
were classified as non-manual labor).

Statistical analyses

Temporal trends in mean step test performance were analyzed
from summary statistics at the sex-age group level for all Chinese
adults (aged 20e59 years), and for separate location (rural and
urban) and occupation (manual labor and non-manual labor)
groups, using sample-weighted linear regression models relating
the year of testing to mean step test performance.31 Linear models
were used because they naturally summarized the overall temporal
trends. Because STI data are interval, we expressed the overall
linear trends as standardized ES (i.e., the regression coefficient
divided by the pooled SD), which facilitated comparisons between
groups and with published studies. To interpret the magnitude of
rates of change, ES of 0.2, 0.5, and 0.8 were used as thresholds for
small, moderate, and large, respectively, with ES < 0.2 considered to
be negligible.32 Positive rates of change indicated temporal im-
provements and negative rates of change indicated temporal
declines.

Using procedures described elsewhere,31 we calculated
population-weighted mean changes (for 20-to 29-year-olds, 30-to
39-year-olds, 40-to 49-year-olds and 50-to 59-year-olds, plus
young adults (20-to 39-year-olds), middle-aged adults (40-to 59-
year-olds), and all adults), sex (men and women), location, and
occupation groups by pooling the rates of change across all relevant
groups using post-stratification populationweighting.33 Population
weights were obtained from sex-age-specific population estimates
for China in 2000 using United Nations data.34

Temporal trends in distributional characteristics were examined
visually and as trends in the coefficient of variation (CV, the ratio of
the SD to the mean). Trends in CVs were analyzed as the ratio of
CVs, by dividing the 2014 CVs by the 2000 CVs using the procedure
described elsewhere.35 Ratios >1.1 indicated substantial increases
in variability (i.e., the magnitude of variability in relation to the
mean increased over time), ratios <0.9 indicated substantial de-
clines in variability (i.e., the magnitude of variability in relation to
the mean decreased over time), and ratios between 0.9 and 1.1
indicated negligible trends in variability (i.e., the magnitude of
variability in relation to the mean did not change substantially over
time).36 Finally, distributional trends were examined visually using
LOWESS (LOcally WEighted Scatter-plot Smoother) curves
(tension ¼ 66),37 by plotting the standardized ES changes in step
test performances between 2000 and 2014 for a range of percen-
tiles (from the 3rd to the 97th) against the percentiles themselves.

Results

Collectively, there was a negligible improvement in step test
performance of 0.12 ES (95%CI: 0.11e0.13) between 2000 and 2014,
with negligible improvements observed for all age (except 50-to
59-year-olds who experienced a small improvement), sex, loca-
tion, and occupation groups (Table 1). There were also negligible
age- (ES [95% CI]: young adults, 0.07 [0.06e0.08]; middle-aged
adults, 0.20 [0.19e0.21]), sex- (ES [95% CI]: men, 0.08
218
[0.07e0.09]; women, 0.17 [0.16e0.18]), location- (ES [95% CI]: rural,
0.05 [0.04e0.06]; urban, 0.16 [0.15e0.17]), and occupation-related
(ES [95% CI]: manual labor, 0.14 [0.13e0.15]; non-manual labor,
0.18 [0.17e0.19]) temporal differences.

Trends in mean step test performance were not uniform across
the population, as indicated by trends in distributional variability
and asymmetry. Table 1 indicates that variability in step test per-
formance declined substantially over the entire period (ratio of CVs
[95%CI]: 0.86 [0.86 to 0.86]). Variability declined substantially in
both sex (ratio of CVs [95%CI]: men, 0.88 [0.87e0.89]; women, 0.83
[0.82e0.84]) and location (ratio of CVs [95%CI]: rural, 0.84
[0.83e0.85]; urban, 0.88 [0.87e0.89]) groups; in middle-aged
adults (ratio of CVs [95%CI]: 0.82 [0.81e0.83]) but not young
adults (aged 20e29 years, ratio of CVs [95%CI]: 0.90 [0.89e0.91]);
and in manual urban laborers (ratio of CVs [95%CI]: 0.85
[0.84e0.86]) but not non-manual urban laborers (ratio of CVs [95%
CI]: 0.91 [0.90e0.92]). There were also trends in distributional
asymmetry (Fig. 1). While negligible improvements were almost
always observed in the average performers (i.e., at the 50th
percentile), small to large (equivalent to 0.36e1.04 ES or 14e35
percentile points) improvements were observed in very low per-
formers (3rd percentile), and negligible to small (equivalent to
0.11e0.48 ES or 4e18 percentile points) improvements were
observed in low performers (10th percentile). In contrast, negli-
gible changes (equivalent to �0.19 to 0.13 ES or �7 to 5 percentile
points) and negligible to moderate declines (equivalent to �0.52
to �0.07 ES or �2 to �20 percentile points) were observed in high
performers (90th and 97th percentiles, respectively).
Discussion

This study estimated temporal trends in functional endurance
operationalized as step test performance for 603,977 Chinese
adults aged 20e59 years between 2000 and 2014. The principal
findings were that (a) there was a negligible population-level
improvement across the 14-year period for all age, sex, location,
and occupation groups (except 50-to 59-year-olds), equivalent to
0.12 ES; and (b) variability in step test performance declined sub-
stantially over time, as a result both ends of the distributionmoving
towards themiddle. Our finding of improved step test performance,
at least among the low and average performers, is suggestive of
corresponding improvements in functional endurance of those in
greatest need. Improved functional endurance may be important to
public health, especially for thosewith low endurance (e.g., those at
the low end of the distribution and older middle-aged adults),
because low endurance is an important risk factor for all-cause
mortality, chronic diseases and functional impairments,2e11 and
because China's population is aging.38 Moreover, increased national
efforts that promote health and fitness are required to further
improve population-level functional endurance.
Explanation of main findings

We have previously argued that temporal trends in functional
endurance are probably influenced by trends in a network of
physiological, physical, behavioral, social, and/or environmental
factors.24,39 Because adult step test performance has moderate to
very high criterion validity,18 trends in step test performance are

suggestive of corresponding trends in underlying _VO2max (and/or
relative oxygen transport capability) and other aerobic factors (i.e.,
mechanical efficiency and fractional utilization of oxygen). Trends
in psychosocial factors (e.g., motivation and/or tolerance of bench
stepping aerobic exercise) may also be involved.24,39

Concurrent trends in body size/composition and physical



Table 1
Temporal trends in means and variability for step test performance among 20-to 59-year-old Chinese adults between 2000 and 2014.

Group n mean ± SD Standardized ES change in means (95%CI) Ratio of CVs (95%CI)

Age
20e29 years 153,482 56.7 ± 8.8 0.07 (0.06e0.08) 0.90 (0.89e0.91)
30e39 years 153,107 57.5 ± 8.9 0.08 (0.07e0.09) 0.88 (0.87e0.89)
40e49 years 150,718 58.9 ± 9.7 0.16 (0.15e0.17) 0.83 (0.82e0.84)
50e59 years 146,670 58.8 ± 10.4 0.26 (0.25e0.27) 0.81 (0.80e0.82)
Sex
Men 302,386 57.4 ± 9.4 0.08 (0.07e0.09) 0.88 (0.87e0.89)
Women 301,591 59.1 ± 9.9 0.17 (0.16e0.18) 0.83 (0.82e0.84)
Location
Rural 198,493 59.3 ± 10.2 0.05 (0.04e0.06) 0.84 (0.83e0.85)
Urban 405,484 57.7 ± 9.3 0.16 (0.15e0.17) 0.88 (0.87e0.89)
Occupation
Manual 201,167 57.9 ± 9.4 0.14 (0.13e0.15) 0.85 (0.84e0.86)
Non-manual 204,317 57.5 ± 9.2 0.18 (0.17e0.19) 0.91 (0.90e0.92)
All
20e59 years 603,977 58.3 ± 9.7 0.12 (0.11e0.13) 0.86 (0.86e0.86)

Notes: Positive changes inmeans indicated temporal improvements inmeans and negative changes indicated temporal declines inmeans; standardized changes (ES) inmeans
of 0.2, 0.5 and 0.8 were used as thresholds for small, moderate and large, respectively, with ES < 0.2 considered to be negligible; ratio of CVs >1.1 indicated substantial
temporal increases in variability and ratios <0.9 indicated substantial temporal declines. Occupational trends were only available for adults from urban areas. Mean ± SD step
test index values are also shown.
Abbreviations: SD ¼ standard deviation; CV ¼ coefficient of variation; n ¼ sample size; 95%CI ¼ 95% confidence interval; ES ¼ effect size.
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activity levels are probably also involved.24,39 Temporal data from
China's Reports on National Physical Fitness Surveillance25e28

indicate increases in both height and body mass (across all age,
sex, location, and occupation strata) between 2000 and 2014.
Increased height probably reflects increased leg and stride
lengths,40,41 resulting in a reduced energy requirement of bench
stepping.42 Increased body mass probably also reflects increases in
both fat mass and fat-free muscle mass.29,43 Increased fat mass will
negatively affect step test performance by increasing the energy
requirement of stepping without contributing to it. Conversely,
increased fat-free muscle mass will positively affect step test per-
formance by improving the metabolic potential of the exercising
muscles (e.g., increased glycogen storage capacity, increased
number of mitochondria) and possibly mechanical efficiency (e.g.,
reduced antagonist co-activation needed for stability).44 Using data
from China's Reports on National Physical Fitness Surveillance, Tian
et al.29 reported an increase in the prevalence of 20-to 59-year-old
Chinese adults meeting the minimum leisure-time physical activity
recommendation (i.e., 150 min of moderate-intensity exercise or
75 min of vigorous intensity exercise per week, or an equivalent
combination) from 17.2% in 2000 to 22.8% in 2014. This temporal
increase in leisure-time physical activity may have been influenced
by The National Fitness Program, which was implemented under
Chinese Sport Law in 1995 by the State Council of the People's
Republic of China. This program encourages Chinese people to
engage in regular physical activity to improve their physical fitness
and health. However, it is unclear whether there have been con-
current trends in occupational, household, or transport physical
activity levels, which significantly contribute to total physical ac-
tivity levels. Assuming the temporal connection between leisure-
time physical activity levels and step test performance is causal,
then the national promotion of physical activity16 might be a
suitable population approach to improving the functional endur-
ance of Chinese adults.

Our finding of a substantial decline in the variability of step test
performances indicated that the improvement in mean step test
performance was not uniform across the population. Our visual
analysis indicated that this decline was because both ends of the
distribution had moved towards the middle. In the absence of
criterion-referenced health-related cut-points for functional
endurance in Chinese adults, and in light of research showing that
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mortality andmorbidity are disproportionately higher in the lowest
quintile for functional endurance,3,4 our finding of improved step
test performance for adults below the 20th percentile suggests that
Chinese adults in 2014 were collectively at reduced risk of negative
health outcomes compared to adults in 2000, which potentially
indicates a reduction in chronic disease burden.
Comparisons with other studies

Although studies examining temporal trends in mean adult
functional endurance are scarce, specific to China, we have previ-
ously reported a small (per decade) decline in long-distance
running performance in a nationally representative sample of
young Chinese adults (aged 18e22 years) between 1985 and
2014.24 While it is challenging to describe the temporal differences
in functional endurance for Chinese adults between the present
study and our previous work,24 it is possible that differences in
exercise modalities (bench stepping vs. running), effort criteria
(submaximal vs. maximal), pacing strategies (externally fixed-rate
stepping vs. self-selected running pace), medical screening
criteria, age groups, and the span of testing years were involved.

Furthermore, studies examining temporal trends in the distri-
butional characteristics of adult functional endurance, as opposed
to mean values, are even rarer. To our knowledge, only one other
study has examined trends in the distributional characteristics of
adult functional endurance over a similar time period and using a
similar statistical approach, which allows for direct comparison.
Using nationally representative data on 103,505 older Japanese
adults (aged 65e79 years) between 1998 and 2017, we recently
found a substantial decline in the variability (i.e., ratio of CVs <0.9)
of functional endurance (operationalized as 6-minwalking distance
(6MWD)), which indicated that the small (per decade) improve-
ment in mean 6MWD was not uniform across the distribution.35

Unlike in our present study, because we were unable to examine
concurrent trends in distributional asymmetry, we could not
determine whether the low performers, high performers, or both,
had changed over time in older Japanese adults. We therefore
recommend that future studies examining temporal trends inmean
functional endurance also examine trends in distributional
characteristics.



Fig. 1. Distributional trends in step test performance for 20-to 59-year-old Chinese adults between 2000 and 2014.
Notes: Distributional trends are shown for different (A) age, (B) sex, (C) location and (D) occupation groups, as well as (E) all Chinese adults aged 20e59 years; trends between 2000
and 2014 are shown as standardized ES, with positive values indicating improvements and negative values indicating declines; the solid lines are the LOWESS (LOcally WEighted
Scatter-plot Smoother) curves (tension ¼ 66), which are used to represent the trends at various percentiles (range: 3rd to 97th), with sloping lines indicating asymmetric trends (i.e.,
lines that sloped upwards from the bottom left to the top right indicated relatively larger improvements in the high performers, and lines that sloped downwards from the top left
to the bottom right indicated relatively larger declines in the low performers) and flat (horizontal) lines indicated symmetric trends (i.e., uniform trends across all percentiles or step
test performance levels).
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Strengths and limitations

This was the first study to examine temporal trends in step test
performance for Chinese adults. We used nationally representative
fitness data from repeated cross-sectional samples, which were
collected by trained technicians approximately every 5 years, at the
same time of year, using standardized testing protocols and a
consistent sampling strategy. The sample-weighted regression and
post-stratified populationweighting procedure adjusted our trends
for sampling bias by incorporating the underlying population de-
mographics, and our stratified analysis controlled for potential
confounding (e.g., age, sex, location, occupation).

This study was however limited because we estimated temporal
trends using only summary statistics (because raw data were not
available), which did not impact our trends, but did mean we were
unable to statistically account for the effects of trends in underlying
mechanistic factors (e.g., body size, physical activity levels) or
assess the influence of trends in step test performance on health
outcomes. We were unable to examine period and cohort effects
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because we estimated trends using only summary statistics based
on repeated cross-sectional samples rather thanmixed longitudinal
samples. We also could not determine whether our trends were
affected by aggregation bias related to differences in age distribu-
tions within age bands. Furthermore, we could not extend our
temporal analysis beyond 2014 because step testing performance
was not measured in the subsequent 2019 national survey.

The overall response rate in each survey was similar (range:
76e84%).29 Although pre-screening was performed prior to sample
selection with only apparently healthy adults included, no addi-
tional pre-exercise screening was performed. Nonetheless, the
published summary statistics for step test performance could have
been biased if less fit/less healthy and physically impaired adults
either opted out or were excluded.While this may have reduced the
generalizability of our findings to the entire 20-to 59-year-old
Chinese population, it is challenging to determine whether our
trends were biased without evidence of temporal trends in the
number of adults who either opted out or were medically excluded.
Finally, while single-stage, fixed-height, and fixed-rate step tests
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are conducive to group testing, they may not present the same
relative cardiorespiratory challenge to all participants which could
affect the validity of the test, and may elicit vigorous exercise in-
tensities leading to adverse events for some individuals, thus
eliminating their benefit as a submaximal exercise test.42

Conclusions

Between 2000 and 2014 there was a negligible population-level
improvement in mean step test performance for 20-to 59-year-old
Chinese adults, which indicated improved functional endurance.
We found negligible to small improvements in mean step test
performance for all age, sex, location, and occupation groups, as
well as trends in distributional characteristics, which indicated that
both ends of the distribution had moved towards the middle.
Improved functional endurance, particularly among those with low
functional endurance, may be particularly meaningful because
those with low endurance (i.e., below the 20th percentile) have the
highest mortality risk. Moreover, despite tracking positively,
further efforts are required to see continued improvement in adult
functional endurance. China's historical national surveillance of
functional endurance provides insight into trends in population
health and fitness, assists in the evaluation of healthy public pol-
icies and interventions, and highlights the potential opportunity for
other countries to engage in a cost-effective public health surveil-
lance strategy.
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