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ABSTRACT  

Purpose  There is lack of data on the physiological characteristics of over ground walking 

and walking recommendations for Chinese adult. The purpose of the study is to measure 

walking-related energy expenditure during field testing, to identify step-rate cut point 

associated with moderate and vigorous intensity, and to translate physical activity (PA) 

guidelines into walking goals for Chinese adults. 

Design  cross sectional analytic study 

Setting  two communities from Beijing and Shanghai in China 

Participants  A sample of 226 Chinese adults (117 men, 109 women) with a mean age of 

21.7 (±0.2) years, volunteered to participate in the study. All Participants were recreationally 

active without orthopedic limitations, free of chronic diseases, not taking any medications 

that affect metabolism, and non-smokers. 

Outcome measures  All the participants completed four 6-minute incremental over ground 

walking at different speeds of 3.8km/h,4.8 km/h,5.6 km and 6.4 km/h, respectively. Indirect 

calorimeter was used to measure energy expenditure at each speed. Receiver operating 

characteristic (ROC) curves were used to determine the step-rate cut points associated with 

moderate and vigorous intensity activity. 

Results  At the same walking speed，step counts per minute were higher in women than in 

men. No significant differences were found in VO2 per weight（ml·kg
-1
·min

-1）between 

women and men. Step-rate cut point associated with walking at 3METs and 6METs were 105 

step·min
-1
and 130 step·min

-1
when analyzing men and women together. There were slight 

differences on the cut points between women and men if data were analyzed separately. 

Conclusions  In order to meet PA guidelines, Chinese adult should walk 30 minutes with at 
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least 105 step·min
-1
, or 3,150 steps or 2 kilometers with the same step-rate per day. Walking 

at a higher speed of 130 step·min
-1
 might provide additional health benefit. 
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INTRODUCTION 

Engaging in adequate amounts of physical activity has positive effect on energy balance, weight 

control, cardio-respiratory fitness and other health benefits[1-5]. It has been recommended 

that all adults perform at least 30 min of moderate-intensity aerobic activity 5 day 

each week to achieve health benefits of exercise, and physical activity of greater 

intensity or of longer duration can promote additional benefits to health[3]. Among all 

the activities, walking is regarded by public as the most common exercise[6]. 

Obviously it is a meaningful research area to explore how much walking are enough 

to meet Physical Activity Guideline. 

Some steps-based walking recommendation is developed by researchers[7-10]. The 

most widely recognized step recommendation is to accumulate 10,000 steps per day. 

However, the goal of 10,000 steps per day is based on very limited evidence, may be 

unrealistic for many people[11]. In addition, it has not incorporated the activity 

intensity. Intensity is an important index of physical activity recommendations due to 

health benefits are depending on the intensity of activity[12].  

Step rate (step·min
-1
) is one of the important parameters of walking gait and can be 

used to identify intensity in free-living walking[13]. In addition, step rate, as a simple 

indicator of ambulatory behavior, can be captured easily. More specific, if walking 

duration and step numbers are known, intensity (step rate) can be calculated, therefore, 

certain specific cut points (step·min
-1
) can be used to indicate intensity categories. 

Recently, studies have been conducted to identify step rates that correspond to 

intensity classifications[14-15]. These studies have found that walking at a pace of 

100step·min
-1
 corresponds to moderate intensity and this finding may be used to 
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promote public health recommendation of accumulating 3000 steps in 30 minutes to 

meet physical activity guidelines. Although these studies provide insightful data, there 

are limitations in their research methods. First, step rate cut points were obtained 

under controlled laboratory conditions, such as treadmill walking, which may differ 

from realistic activities (such as ground walking). Second, the small sample sizes 

from these previous studies limit its generalizability to larger population.  

Physiological responses of physical activity are dependent on the biological 

characteristics of the study population, such as race, height, weight, gender, and 

age[16]. Most of current walking recommendation studies were based on 

Westerners[17,18]. No studies have been conducted in Chinese sample. It is 

well-known that China is experiencing rapid economic growth. In China, family 

owned vehicle is getting more popular; therefore, more people are driving instead of 

walking for daily activities. An evidence-based walking recommendation is in critical 

need for Chinese adults. 

The purposes of this study were⑴to identify step rate threshold associated with 

moderate and vigorous intensity activity for Chinese adult, and⑵to translate PA 

guidelines into walking recommendation for Chinese adults. 
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METHODS 

Participants  

A community-based sample of 226 Chinese adults (117 men, 109 women) with a 

mean age of 21.7 (±0.2) years, volunteered to participate in the study. All Participants 

were recreationally active without orthopedic limitations, free of chronic diseases, not 

taking any medications that affect metabolism, and non-smokers. This study was 

reviewed and approved by China Institute of Sport Science Institutional Review 

Board. Participants provided written informed consent to participate in the study.  

Walking Testing 

For walking test, we applied the previously established method to control over ground 

walking speed[19]. Briefly, an indoor room at room temperature (22.5±0.7I), well 

ventilated, and with concrete floor was used. An area of 15m×10m rectangular field 

(circumference of 50m) was marked. Markers were placed on the edges (4 sides) of 

the field with 5m apart and used as tracking indicators while the subjects were 

walking along the edges. Participants were required to perform 4 walking tests at four 

different walking speeds 3.8km/h, 4.8km/h, 5.6km, and 6.4km/h for 6 minutes, 

respectively. During the test, participants were reminded of remaining natural gait, 

looking straight, and moving from one marker to the next. They took 10 minutes rest 

before the test, and 5 minutes rest between each test. It was proved that subjects could 

easily maintain the pre-set walking speed by following the instructions and markers 

on the ground, and also keep the normal, relaxed walking manner[19]. 

Energy expenditure was measured by the Cortex MetaMax 3B metabolic analyzer 
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(German). Steady-state VO2 was recorded as an average of the last 2 minutes of each 

exercise bout. METs were calculated by dividing steady-state VO2 by 3.5ml·ml
-1
·kg

-1
. 

Moderate intensity was defined as 3.00–5.99METs, while vigorous intensity for 

6.00–8.99METs. 

After participants reached the steady state at each walking speed level (after 3 

minutes), the steps per min were recorded by a trained staff through hand counter. 

Numbers of steps were recorded twice at each walking speed, and the average value 

was calculated. 

Height and Weight Measurement 

Height was measured without shoes to the nearest 0.1centimeter using a calibrated 

electronic height meter. Weight was measured in light clothing and without shoes to 

the nearest 0.1 kg using a calibrated electronic scale. BMI was calculated as weight in 

kilograms (kg) divided by height in meters squared.   

Statistics analysis 

Descriptive statistics were expressed as mean ± SD for the physiological variables 

under each walking speed. Gender differences were tested using independent t-tests. 

Step-rate cut points were determined using receiver operating characteristic (ROC) 

curves. ROC curves were developed to examine optimal cut points in terms of 

sensitivity (correctly identifying participants who were at moderate intensity or 

vigorous intensity activity) and specificity (correctly identifying those who were not 

at moderate intensity or vigorous intensity activity). 

A level of 0.05 was used to determine significance for all statistics analysis. All 
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analyses were performed using SPSS16.0.  

Results 

The characteristics of the study participants are presented in Table 1. Comparison 

between men and women regarding measured variables at each walking speed in men 

and women is presented in Table 2. The heart rate and VO2 (L·min
-1
) in men were 

significantly higher (P＜0.05) than those in women at the same speed of walking. 

When VO2 was adjusted for body mass, the sex effect disappeared. No significant 

differences were found in VO2 per kg between women and men across different 

speeds. 

Table 1. The characteristics of the study sample sexing men 

and women 

Variable 

(Mean±±±±SD)         

Women Men All 

n             

Age(yr)          

Height(cm)          

Weight(kg)        

BMI (kg/m
2
)     

109 

21.8±2.0 

166.2±5.4 

59.6±8.3 

21.5±2.5 

117 

21.7±2.0 

175.7±5.0 

69.1±8.4 

22.4±2.4 

226 

21.7±2.0 

170.1±6.1 

64.5±9.6 

22.0±2.5 

BMI, body mass index; SD, standard deviation. 

Table 2 also shows that under the same walking speed, the step rate was different 

among participants. At the same walking speed, step rate was higher in women than in 

men. Although higher step rate consumes more EE, there is no significant relationship 

between VO2 and step rate at the same walking speed (Pearson Correlation coefficient 

r=0.28). The step rate increased accordingly while the walking speed increased in 

both men and women. There was significant correlation between step rate and VO2

（Pearson Correlation coefficient r=0.73）. 
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Table 2   Comparison between men and women regarding measured variables at each 

walking speed 

    

    

MenMenMenMen                            WomenWomenWomenWomen    PPPP    ValueValueValueValue    

        MeanMeanMeanMean    SDSDSDSD        MeanMeanMeanMean    SDSDSDSD    

3.8km/h HR  83.2 10.3   87.8 9.1 0.02 

VO2(ml·kg
-1
·min

-1
) 10.47 0.67  10.32 0.69 0.25 

VO2(L·min-1) 0.72 0.05  0.61 0.04 ＜0.00 

METs 2.93 0.21  2.91 0.19 0.78 

Step rate(step·min
-1
) 95.71 3.12  97.46 3.36 ＜0.00 

4.8km/h HR 93.3 11.1  102.3 9.6 ＜0.00 

VO2(ml·kg
-1
·min

-1
) 13.94 1.41  13.58 1.63 0.82 

VO2(L·min-1) 0.97 0.12  0.82 0.14 ＜0.00 

METs 4.02 0.45  3.96 0.61 0.40 

Step rate(step·min
-1
) 113.06 6.25  115.68 5.85 0.001 

5.6km/h HR 102.2 11.6  113.4 11.0 ＜0.00 

VO2(ml·kg
-1
·min

-1
) 15.99 1.72  15.94 1.86 0.84 

VO2(L·min-1) 1.10 0.14  0.95 0.18 ＜0.00 

METs 4.58 0.50  4.58 0.71 0.95 

Step rate(step·min
-1
) 119.61 6.22  123.01 6.93 ＜0.00 

6.4km/h 

 

HR 114.2 14.3  126.9 12.9 ＜0.00 

VO2(ml·kg
-1
·min

-1
) 19.07 2.29  19.02 2.66 0.88 

VO2(L·min-1) 1.32 0.19  1.14 0.21 ＜0.00 

METs 5.46 0.67  5.50 0.93 0.74 

Step rate(step·min
-1
) 126.01 7.02  131.00 8.40 ＜0.00 

HR, heart rate; METs, metabolic equivalent, divide VO2 by 3.5ml·ml
-1
·kg

-1
; 
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There were significant differences between MET value calculated from measured VO2 

with recommended value from PA Compendium[20]. The measured METs was 

significantly higher than recommended value at 4.8km/h, 5.6km/h and 6.4km/h, 

respectively (Figure 1). 

 

 

The different cut point regarding step rate among men and women is shown in Table 3. 

According to MPA and VPA identified from indirect calerometry, ROC-curve 

suggested that the optimal step-rate cut point was 105 step·min
–1
 for MPA with 85% 

sensitivity and 74% specificity. For the VPA cut-point, the optimal step-rate was 130 

step·min
–1
 with 96% sensitivity and 67% specificity. Women had slightly higher cut 

point than men. 
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Table 3  Step rate(step∙min
-1
) cut-points associated with MPA and VPA in women and men from 

the present study and other literatures 

Intensity 

classification 

 The 

present 

study 

(ROC 

analysis) 

    Simon J et al 14 Tudor 

et al 
15
 

Beets MW 

 et al 
26
 

Rowe DA 

 et al
 27 

Linear 

regression 

analysis 

ROC 

analysis 

MPA 

(3METs） 

All 105 89 107 100 100 

(85-111)* 

100 

(90-113)* 

Men 104 92 102 96   

Women 107 91 115 107   

 

VPA 

(6METs) 

All 130   ND ND  130 ND ND 

Men 127    125   

Women 137    136   

ROC, receiver operating characteristic curves used to determine the step-rate cut points   

ND, no data provided 

*The range of step rate based on difference of leg length26 and height27 
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Discussion: 

The main purpose of this study was to use indirect calorimeter to identify a step-rate cut-point 

associated with activity intensity in a field environment. To our knowledge, this was the first 

attempt to establish a walking target for Chinese people. We identified the optimal step-rate 

cut point was 105step·min
–1
 for MPA and 130step·min

–1
 for VPA. Applying cut-point for 

MPA to calculate the walking steps and distance taken to meet PA guidelines, 30minutes of 

moderate-intensity activity corresponds to 3,100 steps in men and 3,200 steps in women, or 

roughly 3150 steps for both. If steps are converted to walking distance, it is about 2 km. 

We tested 4 different walking speeds in this study. Three of them were significantly 

corresponded with PA Compendium[20].When compared with EE reference from PA 

Compendium, the EE measured from our study was higher for three walking speeds. Previous 

studies showed inconsistent results when comparing measured EE with compendium 

reference. Some reported higher value[21], others reported lower value[22-23]. The 

inconsistency might be due to difference in sample characteristics, testing methods, and test 

environment [21,24,25]. Therefore, it is not proper to perform complete result comparisons 

for different test condition. For the current study test setting might be a contributor to the 

difference. We conducted the walking test in a field setting, not on a treadmill. Our previous 

study found that walking-related energy expenditure in the field was different from treadmill 

testing[19]. However, the intensity of these 3 walking speeds in present study was between 

4.0 and 5.5 MET, which was in the range of 3-6 MET as moderate intensity identified by PA 

Compendium. 

Objective measurement method and larger sample size allowed this study to establish the step 
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rate cut point related to intensity (METs) as a minimum threshold for MPA walking and VPA 

walking. To date, four other studies have used indirect calorimeter to validate a step-rate cut 

point associated with moderate or vigorous intensity walking. Simon J measured the step rate 

and intensity on treadmill[14]. Different cut-points were obtained from different statistical 

method, and the author concluded walking at 100 step·min
–1
on ground level would meet the 

moderate-intensity walking recommendation. Tudor-Locke and his colleagues determined 

that 96 and 107 step·min
–1
 as the minimum threshold for moderate-intensity walking, and 125 

and 136 step·min
–1
for vigorous-intensity for young men and women[15]. The two other 

studies supported the 100 step·min
–1
as moderate-intensity walking cadence while emphasized 

inter-individual variation of step rate were apparent due to anthropometric differences such as 

height and leg length[26,27]. Our finding corresponded closely with these previous studies, 

although our cut-point was slightly higher. The similar findings of these studies are 

encouraging given the differences between the sample characteristics and methodologies, 

which offer some evidence that will support the development of a consensus step rate 

recommendation for the people in different countries.              

In addition, we found that there was significant difference of step rate between men and 

women at the same walking speed, therefore it seems proper to have different cut point 

recommendation for men and women separately. The gender differences in the mean step rate 

may be caused by differences in height and leg-length. At the same walking speed, female’s 

step frequency is higher than male due to shorter height and shorter lower limb. However, 

since the difference of step rate between men and women was less than 10 steps per min, 

considering the needs to establish the walking recommendation in a relatively simple way, we 
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think that single step rate recommendation would be more effective in physical activity 

promotion and intervention application. Therefore, we suggest 105 step·min
–1
 and 130 

step·min
–1
 cut-points to be corresponded to MPA and VPA. However, if the recommendations 

of individualized step rate would be developed in the future, physical differences such as 

height, leg length and gender should also be considered. 

In order to associate our step rate cut point with PA guideline[3], the minimum walking steps 

of 3,150 steps daily for MPA were considered based on our study results. It should be 

emphasized that 3,150 steps need to be taken above the basic number of daily steps[15]. 

Recent study has reported the daily walking steps goal for American people is 8000 steps, 

derived from accelerometer data[10], but earlier study reported 10000 steps[8]. Since people 

have different physical activity patterns, it is difficult to establish consistent total number of 

walking steps for everyone. Moreover, there is not a comprehensive walking recommendation 

if only walking steps is involved but not the intensity. Therefore, it is practical and useful to 

provide a general suggestion that how many extra steps individual needs to take above the 

daily activities and how fast to walk for health promotion. Specially, Chinese adult should 

walk at least 30 minutes with a minimal 105 steps/min, or 3150 steps or 2 kilometers with the 

same step rate daily to meet PA guidelines. They will perform vigorous-intensity activity if 

130 step·min
–1
 is reached and this will provide more health benefit.  

China is experiencing rapid economic growth. With the increase of private car ownership and 

the reduction of the intensity of work, a rapid decrease of physical activity levels of Chinese 

people has caused widespread concern. Data from 2002 China Nutrition and Health Survey 

showed that only 33% urban population used walking as their main transportation, with an 
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average 26 minutes per day of walking[30]. Although the latest data from 2012 survey are not 

available, it is most likely that the level of walking continues to decline. Therefore, a walking 

recommendation built on scientific evidence for Chinese adults is a meaningful step to help 

people lead an active life.  

One strength of the present study was large sample size and EE measurement in field settings, 

which provide sufficient power to identify the step rate cut- points accurately. Another 

strength was to provide Chinese adults a walking recommendation in form of relative flexible 

assistive tool. People can achieve their own exercise goal by using different calculations, 

such as step rate, walking during, total walking steps, and/or walking distance. There were a 

number of limitations in this study. The first limitation was the small age range of young 

participants. It was known that gait and energy expenditure will be different between older 

and young individuals[28]. At the same walking speed, older people will have the gait of 

shorter step length and faster step rate[29].Therefore, the cut point established might not be 

suitable for older population. The second limitation was the use of a constant (3.5 

ml·kg
–1
·min

–1
) as an estimated value of resting energy expenditure, instead of a direct 

measurement for calculating METs. Although the use of this constant is widely accepted in 

the scientific literature, it is likely to overestimate resting-energy expenditure at the individual 

level[23-24]. Then, the step rate cut point developed by the estimated value of MET might be 

overestimated. The third of limitation was lack of cross-validation. Future study should focus 

on establishing the validity of the current cut points through independent validation studies in 

real-life field walking. 

Conclusion:  
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The step rate cut-points corresponding to activity intensity categories (in terms of MET 

levels) have been set up by this study. It could be useful for recommending appropriate 

amounts of walking exercise to meet PA guidelines for Chinese young adults. The findings 

from this study indicate that Chinese young adult should walk at least 30 minutes with a 

minimal 105 step·min
–1
, or 3150 steps with the same step rate daily to meet PA guidelines. 

There were slight differences on step-rate threshold and minimal steps between women and 

men, so further specific step rate recommendations can be developed for different gender 

group. 

What this study adds 

  1. This study shows that under the same walking speed, the step rate difference 

between individuals led to small changes of energy expenditure. When the walking speed 

increased from 3.8km/h to 6.4 km/h, step rate and energy expenditure increased almost at 

the same rate. 

2. This study also shows at the same walking speed, step rate was higher in women 

than in men, but the difference is less than 10 step•min
-1
. 

3. This study compares the data from Chinese people’s walking energy expenditure 

with other findings based on western participants and set up the walking recommendation 

for Chinese people for the first time. 
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FIGURE LEGEND 

White column: Measured value 

Black column: PA Compendium recommendation 
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caption:Comparison of MET value from the present study with PA Compendium  
legend: white column measured value  
          black column  PA compendium  
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文章编号: 1000-677X( 2011) 07-0030-07 体育科学

2011年(第 31卷)第 7期

CH INA SPORT SCIENCE

Vol. 31, No. 7, 30- 36, 2011.

平板运动跑台和场地环境测试走、
跑运动能量消耗的比较研究
Comparison of Treadmill and Field Test for

Energy Consumption during Running and Walking

江崇民
1
, 邱淑敏

2
, 王  欢1

, 牟希涛
3
, 张彦峰

1
,尚文元

1

JIANG Chong-m in1 , Q IU Shu- min2 , WANG Huan1 ,

MOU X-i tao3 , ZHANG Yan- feng1 , SHANG Wen-yuan1

摘  要: 目的 : 通过平板运动跑台和场地两种不同的测试方法 , 对我国成年男性走、跑过程中

的气体代谢和能量消耗进行比较。方法 : 15 名成年男性在平板运动跑台和场地完成 4. 8

km/ h、6. 4 km / h、8. 0 km/ h 三个速度的走、跑运动 , 使用 Cortex MetaMax 3B 测定走、跑过程

中的气体代谢指标变化并进行统计分析。结果: 走、跑时平板运动跑台测试和场地测试之间

气体指标、心率和能量消耗指标有明显差异。两种测试方法得来的数据存在线性相关。使

用 ICC 系数和 Bland- Altman 法分析表明两种测试方法有非常显著的一致性和相关性。结

论: 相同速度下平板运动跑台走、跑和场地走、跑的能量消耗差异显著, 只有直接测量场地

走、跑的能量消耗才能反映日常生活中和体育健身活动中走、跑运动的真实状况。应用直线

回归分析建立了平板运动跑台测试和场地测试两种方法之间的转换推导公式 , 根据跑台测

试结果推算场地测试耗氧量和能量消耗 , 但由于样本量较少, 该公式还需要进一步增加样本

量进行验证。

关键词: 平板运动跑台测试; 场地测试 ; 能量消耗

Abstract: Objectiv e: The purpose o f this study w as to compare tr eadmill and field test for ener-

gy cost dur ing running and w alking in adult males , to analysis the differ ences and establish the

conversion fo rmula . Methods: 15 adult ma les on the t readmill and on the field complete 4. 8

km/ h , 6. 4 km/ h , and 8. 0 km/ h w alking and running . The gas metabo lism w as determined u-

sing the Cor tex MetaMax 3B. Results: 1 ) The indicator o f g as index , hear t r ate and ener gy

cost were ver y different during running and walking . 2) There is a linear cor relation between

tw o sets of data . 3) ICC and Bland-A ltman method between the two g roups pro ved that ther e

was a signif icant consistency and relevance in the data o f tw o sets. Conclusion: 1) There is sig-

nificant difference betw een the energ y cost of tr eadmill and field test . Only the dir ect field

measur ement reflects the tr ue state o f running and walking of daily life and phy sical activ ity .

2) Established a conver sion formula o f ox ygen consumpt ion and energ y consumpt ion between

treadmill test and field test by linear reg ression method, but the fo rmula need to further for

validation because of the small sample size.

Key words: treadmill test ; f ield test ; energ y consump tion
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1  前言

走、跑是人体运动的基本方式, 同时也是促进健康的

常用方法, 准确测量其能量消耗对于运动处方非常重

要[ 17]。通过间接测热法测量不同速度走、跑运动时的摄氧

量可以为预测每天的能量消耗提供依据[22, 23]。以往由于

测量仪器不便于携带 , 测量走、跑运动时的摄氧量被限制

在平板运动跑台上完成[30] 。随着便携式气体代谢仪的不

断更新[ 12] , 走、跑的能量消耗可以在场地环境中测试。平

板运动跑台和场地走、跑虽然运动形式差别不大, 但不同

的气体环境、不同的地面以及不同的运动模式可能会对其

30
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气体代谢和能量消耗的指标测定结果造成影响。

对平板运动跑台测试和场地测试的不同的研究已经

有过较多文献报道。Parvataneni等在研究平板运动跑台和

场地走、跑(速度约等于 3. 8 km/ h) 的步态和摄氧量的对

比中发现, 步态分析中两组的时间参数、运动学参数、动力

学参数类似 , 但在平板运动跑台走、跑的心率和摄氧量均

大于场地的走、跑[ 21]。Meyer 等对比了 18 名男性在平板

运动跑台和场地环境走、跑测试的摄氧量, 受试者从 7. 2

km/ h 的速度开始递增强度, 运动约 11 min, 发现受试者平

板运动跑台测试时摄氧量显著高于场地测试 ( P < 0. 001) ,

且场地测试时个体达到最大摄氧量的时间明显增长[ 16]。

这些研究结果提示了两种测试方法的差别, 由于受试者、

测试方案以及测试方法的不同 , 很难对平板运动跑台测试

与场地测试之间的区别形成定论。

在中国 , 研究者已经开始重视走、跑运动时的能量消

耗问题, 如采用各种仪器对走、跑各种速度的能量消耗测

定[ 2] , 对走、跑的自然速度、步幅、步频、能量消耗水平进行

研究[1]等 ,但关于走、跑的运动负荷及变化和测量方法对

能量消耗的影响的研究并不多。一般来说 , 场地测试结果

的重复性不如实验室测试, 但由于更加接近真实环境 , 数

据更加真实。由于平板运动跑台测试无法体现场地走、跑

的表现和用力程度, 测试结果与场地走、跑的真实能量消

耗可能存在偏差。基于此, 本研究拟对我国成年男性在平

板运动跑台和场地两种不同的测试环境完成走、跑运动时

的气体代谢和能量消耗特点进行研究, 对两种测试方法的

差异进行探讨, 分析差异存在的原因和两者之间的转换推

导公式。

2  研究对象与方法

2. 1  研究对象

随机选择 15 名成年男性 , 平均年龄为 23 岁 , 年龄最

小者 20 岁, 年龄最大者 26 岁, 锻炼习惯为每周有大于 6 h

中等强度的运动(表 1)。受试者经病史和体格检查, 均无

呼吸系统、心血管系统、内分泌系统等方面的疾病。

表 1  研究对象一般情况一览表

性别 n
年龄
(岁)

身高
( cm)

体重
( kg)

体重指数
BM I

体脂率
( % )

男性 15 23 ? 3 174. 2 ? 5. 1 68. 3 ? 11 22. 5 ? 3. 4 17 ? 9. 4

2. 2  研究方法

2. 2. 1  测试方案和环境

实验在非连续的两天内完成。由于预实验中选择了

其他 7 名受试者先后进行了平板运动跑台测试 ) 场地测

试 ) 平板运动跑台测试 , 两次平板运动跑台测试中的摄氧

量没有明显差别。因此 ,正式实验中受试者先进行平板运

动跑台测试 , 后进行场地测试, 没有进行交叉对比。

受试者的测试顺序相同, 测试前 12 h 清淡饮食、无剧

烈活动、未吸烟及饮用含有咖啡因的饮料。测试时受试者

穿上舒适全棉的运动服和运动鞋, 空腹 2~ 3 h 后进行。

2. 2. 1. 1  平板运动跑台测试

测试前, 受试者在平板运动跑台 ( V IASYS LE500CE)

进行适应性运动(佩戴好面罩) 3 min。测试开始后嘱受试

者手握扶手在平板运动跑台上站立 5 min, 完成安静状态

下数据的采集, 然后每人完成 4. 8 km/ h( 3mph)、6. 4 km/ h

( 4mph)、8. 0 km/ h( 5 mph) 3 个速度的走、跑, 坡度设置为

0,每个速度 6 min, 运动过程中受试者不握扶手, 连续运动

共 18 min。平板运动跑台测试所在实验室温度为 21. 7 e

? 1. 5 e , 测试环境 O2 浓度为 23. 93% , CO2 浓 度为

0. 03%。

图 1  平板运动跑台测试负荷递增示意图

2. 2. 1. 2  场地测试

场地测试在 20 @ 15 m 的室内会议室进行 , 地面为木

地板, 环境温度为 22. 5 e ? 0. 7 e , 测试环境 O2 浓度为

23. 93% , CO2 浓度为 0. 03% , 通风状态良好。选用 15 @

10 m(周长为 50 m )的长方形场地一块, 每 5 m( 8. 0 km/ h

时每 10 m )间隔放置一个黄色标志物 , 测试时受试者需沿

着场地标志物外侧缘行走和跑步。测试前先采集安静数

据 5 min, 然后完成 3 个速度的运动, 从低到高依次为 4. 8

km/ h(走 )、6. 4 km/ h ( 走 )、8. 0 km/ h (跑 )。每个速度 6

min, 连续运动共 18 min。设置音频为 3. 75 s、2. 82 s、4. 50

s 出现提示音一次 , 此时受试者需从第一个标志物移动至

下一个标志物 , 受试者目视前方, 以自然步态保持匀速行

走或者跑步。走、跑过程中测试人员对受试者进行提醒,

让其速度始终跟上音频的节奏, 到 6 min 速度提升时 ,测试

者对受试者做出口头提示, 让受试者跟上音频的节奏开始

慢跑。

2. 2. 2  测试设备

两种测试方法采用同一个便携式气体代谢仪 Cortex

MetaMax 3B 对受试者走、跑进行气体代谢测定 , 根据受试

者的脸型采用合适的面罩 , 同一受试者两次测试面罩相

同。Cortex MetaMax 3B 的硬件版本为 2. 7. 0, 硬件日期

2010 年 5 月 26 日 , 校准值为 : O2 系数 1. 347011, CO2 系

数 0. 989023, 呼 气 量 系 数 1. 012527, 吸 气 量 系 数

1. 080979, O2 偏移量- 0. 088117, CO2 偏移量- 0. 011868,

气压传感器偏移量 145。该设备使用原理为每次呼吸测

量法, 对运动过程中每分通气量、O2 浓度、CO2 浓度及环
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境温度、气压等参数实时进行数据采集。

测试过程中采用同一个心率表( P olar, Finland)。身高

的测量采用鑫东华腾 GJ- II (自动) 身高测试仪 , 体重采用

高精度数显电子人体秤 RCS-160。身体脂肪含量采用 GE

双能 X线吸收扫描仪 DXA( prodig y, GE Lunar Corp. , Mad-i

son, 分析软件版本 4. 0) ; X线 ( 38 kVp/ 76 kVp)束形扫描;

BMD 精度: < 1. 0%。

2. 3  数据处理

采用 Cortex MetaMax 3B 气体代谢仪配备软件 Meta-

Soft 3. 9 对收集数据进行处理 , 选取摄氧量 (ÛVO2 )、相对摄

氧量( ÛVO2 )、CO2 呼出量 (ÛVCO2 )、呼吸交换率 ( RER)、每分

通气量 ( VE)、能量消耗( EE)、相对能量消耗 ( EE) 等指标,

显示该指标在测试 10 s 时间间隔的均数, 读取受试者走、

跑每个速度时稳定状态下的平均值。

采用 SPSS 10. 0 for Windows 统计软件包对测试结果

进行统计分析 , 经正态分布及方差齐性检验后 , 采用均数

和标准差( X ? SD)描述连续性变量, 对两种测试方法得来

的数据进行配对 t检验、直线相关分析、ICC(组内相关系

数, Intraclass Correlation Coefficient)和 Bland- Altman 一致性

分析 , P < 0. 05 为具有显著的统计学意义, P < 0. 01 为具

有非常显著的统计学意义。

3  结果与分析

3. 1  平板运动跑台测试和场地测试的气体代谢指标变化

从表 2 中可以看到 , 安静状态下平板运动跑台测试和

场地测试之间气体代谢指标差别不大; 走、跑速度为 4. 8

km/ h 和 6. 4 km/ h 时, 场地测试的各项测试结果均低于平

板运动跑台测试测试结果, 且有非常显著的统计学意义( P

< 0. 01)。走、跑 8. 0 km/ h 时, 场地测试的各项指标均大

于平板运动跑台测试, 场地测试的摄氧量 /体重和摄氧量/

去脂体重明显高于平板运动跑台测试 , 有非常显著的差异

( P< 0. 01) , CO2 呼出量和每分通气量也明显高于平板运

动跑台测试 ( P< 0. 05)。

3. 2  平板运动跑台测试和场地测试的心率和能量消耗

变化

从表 3 中可以看到 , 安静状态下, 场地测试时的能量

消耗/ 体重低于平板运动跑台测试, 有显著的统计学差异

(P < 0. 05) ; 走、跑速度为 4. 8 km/ h 和 6. 4 km/ h 时, 场地

测试的心率和能量消耗值均低于平板运动跑台测试测试

结果, 且能量消耗值的变化有非常显著的统计学意义( P <

0. 01)。走、跑 8. 0 km/ h 时, 场地测试的各项指标均大于

平板运动跑台测试 , 但只有心率和能量消耗/ 体重的变化

具有显著性差异( P < 0. 05)。

表 2  本研究平板运动跑台测试和场地测试不同速度走、跑时的气体代谢指标比较一览表

测试方法 n 摄氧量
( l/ min)

摄氧量/体重
( m l/ min/ kg)

摄氧量/去脂体重
( m l/ min/ kg)

二氧化碳产量
( l/ m in)

呼吸商 每分通气量
( l/ m in)

安静 平板运动跑台测试 15 0. 454 ? 0. 076 5. 58 ? 0. 65 8. 12 ? 1. 00 0. 375 ? 0. 054 0. 83? 0. 07 10. 9? 1. 4

场地测试 15 0. 439 ? 0. 077 5. 37 ? 0. 68 7. 82 ? 0. 89 0. 379 ? 0. 092 0. 86? 0. 08 10. 9? 2. 4

P 0. 328 0. 331 0. 321 0. 870 0. 475 0. 986

增加%﹟ - 3 - 4 - 4 1 4 0

4. 8 km/ h 平板运动跑台测试 15 1. 398 ? 0. 177 17. 27 ? 2. 05 25. 08 ? 2. 62 1. 125 ? 0. 144 0. 81? 0. 05 26. 4? 3. 6

场地测试 15 1. 210 ? 0. 191* * 14. 83 ? 1. 57* * 21. 64 ? 2. 36* * 0. 973 ? 0. 165* * 0. 81? 0. 03 23. 8? 4* *

P 0. 000 0. 000 0. 000 0. 000 0. 816 0. 002

增加%﹟ - 13. 4 - 14 - 14 - 14 0 - 10

6. 4 km/ h 平板运动跑台测试 15 1. 908 ? 0. 271 23. 51 ? 2. 49 34. 18 ? 3. 66 1. 686 ? 0. 263 0. 88? 0. 05 37. 2? 6. 1

场地测试 15 1. 701 ? 0. 337* * 21. 24 ? 2. 14* * 30. 38 ? 4. 55* * 1. 535 ? 0. 289* * 0. 88? 0. 04 34. 7? 6. 3*

P 0. 002 0. 003 0. 002 0. 003 0. 867 0. 012

增加%﹟ - 11 - 10 - 11 - 9 0 - 7

8. 0 km/ h 平板运动跑台测试 15 2. 722 ? 0. 408 33. 50 ? 3. 55 48. 80 ? 5. 74 2. 483 ? 0. 373 0. 91? 0. 05 54. 0? 9

场地测试 15 2. 914 ? 0. 473 35. 62 ? 3. 02* * 52. 20 ? 6. 75* * 2. 719 ? 0. 537* 0. 93? 0. 06 60. 2? 14. 6*

P 0. 344 0. 001 0. 002 0. 011 0. 253 0. 015

增加%﹟ 7 6 7 10 2  11

注: * 与平板运动跑台测试有显著的统计学差异(P< 0. 05) ; * * 与平板运动跑台测试有非常显著的统计学差异( P< 0. 01) ; ﹟增加%= (场地测试均值- 平板运

动跑台测试均值) /平板运动跑台测试均值@ 100% ;表 3、表 4同。

表 3  本研究平板运动跑台测试和场地测试不同速度走、跑时的心率和能量消耗变化一览表

状态 分组 n 心率( beat s/ min) 能量消耗值( kcal/ min / kg) 能量消耗/体重( k cal / min/ kg)

安静 平板运动跑台测试 15 88 ? 12 1. 83 ? 0. 29 0. 03 ? 0. 00

场地测试 15 82? 7 1. 77 ? 0. 32 0. 02 ? 0. 01*

P 0. 075 0. 362 0. 041

4. 8 km/ h 平板运动跑台测试 15 113? 16 5. 59 ? 0. 69 0. 08 ? 0. 01

场地测试 15 103 ? 7* 4. 82 ? 0. 77* * 0. 07 ? 0. 01* *

P 0. 019 0. 000 0. 000

6. 4 km/ h 平板运动跑台测试 15 136? 18 7. 78 ? 1. 11 0. 12 ? 0. 01

场地测试 15 125? 10* 7. 06 ? 1. 30* * 0. 10 ? 0. 01* *

P 0. 029 0. 002 0. 003

8. 0 km/ h 平板运动跑台测试 15 163? 15 11. 17 ? 1. 65 0. 17 ? 0. 02

场地测试 15 166? 14* 11. 96 ? 1. 99 0. 18 ? 0. 02* *

P 0. 044 0. 063 0. 001
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3. 3  平板运动跑台测试和场地测试摄氧量和能量消耗的

净改变

为了排除安静状态下的测试数据对于走、跑测试数

据的干扰 , 对摄氧量和能量消耗的净改变进行数据分析

和统计(表 4) , 净改变= 走、跑时测试数值- 安静时测试

数值。   

表 4  本研究平板运动跑台测试和场地测试在不同速度走、跑时的摄氧量和能量消耗净改变一览表

分组 摄氧量( l/ min)
摄氧量/体重
( ml/ m in/ kg)

能量消耗( kcal/ min/ kg) 能量消耗/体重( kcal/ m in/ kg )

4. 8 km/ h 平板运动跑台测试 0. 944 ? 0. 13 14. 02? 2. 07 3. 76 ? 0. 51 0. 06 ? 0. 01

场地测试 0. 772 ? 0. 13* * 11. 37? 1. 36* * 3. 05 ? 0. 51* * 0. 05 ? 0. 01* *

P 0. 000 0. 000 0. 000 0. 000

增加%﹟ - 18 - 19 - 19 - 17

6. 4 km/ h 平板运动跑台测试 1. 584 ? 0. 36 23. 22? 3. 78 5. 95 ? 0. 89 0. 09 ? 0. 01

场地测试 1. 263 ? 0. 29* * 18. 50? 2. 79* * 5. 30 ? 1. 07* * 0. 08 ? 0. 01*

P 0. 000 0. 000 0. 003 0. 014

增加%﹟ - 20 - 20 - 11 - 11

8. 0 km/ h 平板运动跑台测试 2. 268 ? 0. 36 33. 48? 4. 08 9. 35 ? 1. 45 0. 14 ? 0. 02

场地测试 2. 475 ? 0. 42* * 36. 40? 3. 34* * 10. 19 ? 1. 76* * 0. 15 ? 0. 01* *

P 0. 001 0. 001 0. 002 0. 001

增加%﹟ 9 9 9 7

  从表 4 中可以看到, 两种测试方法在 3 个速度下走、

跑的摄氧量和能量消耗净改变均有显著差异。走、跑速度

为 4. 8 km/ h 和 6. 4 km / h 时, 平板运动跑台测试的摄氧量

和能量消耗净改变高于场地测试 ; 走、跑 8. 0 km/ h 时 , 场

地测试的各项指标均大于平板运动跑台测试, 均有非常显

著的差异( P < 0. 01)。

3. 4  平板运动跑台测试与场地测试测量指标的直线相

关性

图 2  平板运动跑台测试和场地测试摄氧量比较散点图

  将平板运动跑台测试与场地测试的主要测试指标 (摄

氧量、CO2 呼出量、通气量、能量消耗值 )进行直线相关和

回归分析(图 2~ 图 5) , 两组的 4 个指标之间均存在线性

相关, 且 4 个指标的回归方程中斜率和截距均具有统计学

意义( P < 0. 01)。4 个指标中 , 摄氧量和能量消耗值的相

关系数较高 ( R2 \0. 95) , 表明该直线回归方程的斜率和截

距可靠 , 可用来预测平板运动跑台测试和场地测试之间的

系统误差。直线回归方程为 : 场地测试摄氧量( l/ min) =

1. 072 @ 跑台测试摄氧量( l/ min) - 0. 172; 场地测试能量

消耗( kcal/ min) = 1. 078 @ 跑台测试能量消耗 ( kcal/ min) -

0. 700。

图 3  平板运动跑台测试和场地测试 CO2 呼出量比较散点图

3. 5  平板运动跑台测试和场地测试测量指标的 ICC 系数

ICC 系数(组内相关系数) 反映两组数据之间的一致

性, 为个体的变异度除以总的变异度 , 其值介于 0 ~ 1 之

间, 0 表示不可信, 1 表示完全可信 , ICC 系数低于 0. 40 表

示一致性较差, 大于 0. 75 表示一致性良好[ 5] 。从表 5 可

以看出 , 平板运动跑台测试和场地测试的主要测试指标之

间 ICC 系数均大于 0. 75, 显示出非常显著的一致性 ( P <

0. 01)。

图 4  平板运动跑台测试和场地测试通气量比较散点图
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图 5  平板运动跑台测试和场地测试能量消耗值比较散点图

表 5  本研究平板运动跑台测试和场地

测试测量指标的 ICC系数一览表

ICC系数

摄氧量( l/ min) 0. 985* *

CO 2 呼出量( l/ min) 0. 980* *

通气量( l/ min) 0. 973* *

能量消耗( kcal/ min ) 0. 986* *

注: * * ICC系数有非常显著的统计学差异( P< 0. 01)。

3. 6  平板运动跑台测试和场地测试对于测量指标的

Bland- Altman 一致性检验

本研究使用 Bland- Altman 法[7]对平板运动跑台测试和

场地测试的摄氧量和能量消耗进行一致性分析 , 以两组指

标的平均值作为 X轴 , 两组指标的差值作为 Y 值, 图中分

别使用实线和两条虚线标记出 Y 轴的均值和 95%的置信

区间( Mean ? 1. 96 @ SD) , 越多的点落在置信区间内, 差值

均数越接近 0,则一致性越好。图 6~ 图 9 中, 绝大多数的

测试指标差值落在 95% 的置信区间内, 表明其测量结果

的差异为可被接受的, 两种测量方法的一致性较好。

图 6  平板运动跑台测试和场地测试

摄氧量的 Bland- Altman散点图

图 7  平板运动跑台测试和场地测试

CO2 呼出量的 Bland- Altman散点图

图 8  平板运动跑台测试和场地测试

通气量的 Bland- Altman散点图

图 9  平板运动跑台测试和场地测试

能量消耗值的 Bland-Altman散点图

4  讨论

走、跑不仅是人们进行身体活动和运动的基本动作,

而且还是最常见、最重要的身体锻炼活动方法。准确测量

走、跑过程中的能量消耗非常重要, 但使用平板运动跑台

测试和场地测试存在一定差异。本研究选用了 3 个常用

的走、跑速度 4. 8 km/ h(正常速度走)、6. 4 km/ h(快速走)

和 8. 0 km/ h(慢跑) , 主要考虑到: 一是 , 能够代表日常走、

跑活动的典型强度; 二是 ,方便与以往研究结果相比较 , 特

别是能与5身体活动纲要6 [4]推荐值比较, 进而为评价我国

人群的能量消耗提供参考。

受试者以 4. 8 km/ h 和 6. 4 km / h 的速度走、跑时 , 场

地测试的摄氧量明显低于平板运动跑台测试 10% 以上,

且心率和能量消耗均明显降低, 排除受试者安静状态下的

摄氧量和能量消耗干扰, 其净改变仍然有同样的改变 , 其

主要原因是由于平板运动跑台和场地测试的运动方式不

同, 肌肉动员模式有所改变[ 14]。平板运动跑台走、跑和场

地走、跑存在步态差异[26, 13] , 同样速度下两种走、跑方式的

地面反应力和步态学都有所差别[ 27, 10] , 可能会影响能量消

耗的测量。平板运动跑台走、跑中步频加快、步幅变小、步

宽增加、双脚支撑时间缩短等 , 提示了其不舒适和不稳定

性导致了机体运动过程中摄氧量和能量消耗增加。同时,

肌电图的改变也提示场地行走时肌肉氧化模式可能更加

经济有效, 而平板运动跑台走、跑时肌肉氧化的过程需要

一定的适应期[ 19]。因此, 场地测试时受试者肌肉氧化能力

更加经济有效, 直接导致场地测试的摄氧量和能量消耗低

于平板运动跑台测试。
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另外, 本研究中平板运动跑台测试在先 , 受试者为首

次接触平板运动跑台 , 一定程度上存在新奇和不适应感。

对于普通人群而言 , 平板运动跑台是一个新事物。即使是

对于经常使用平板运动跑台进行训练和测试的运动员来

说, 尽管他们已经对平板运动跑台产生了适应 , 但比赛的

成绩仍然接近于场地测试成绩而非平板运动跑台测试成

绩[ 11]。任何轻微的活动都可以提高机体的能量代谢, 尤其

普通人群在平板运动跑台走、跑时, 由于走、跑方式的不熟

悉, 除了可能出现的紧张、节奏加快和步幅缩短之外, 还有

可能会增加一些多余的走、跑动作, 如摆臂幅度增加、肩关

节僵硬、肌肉紧张等 , 这些都是机体能量消耗增加的因素。

但是, 当走、跑速度为 8. 0 km/ h 时, 场地测试摄氧量

却高于平板运动跑台测试数值 7% , 虽然摄氧量的增加无

统计学意义 , 但摄氧量/体重和摄氧量 /去脂体重的改变却

存在非常显著的差异。绝对摄氧量和相对摄氧量变化的

不同步可归咎于受试者的体重变异较大, 但排除安静状态

下的摄氧量和能量消耗干扰后 , 场地测试各项指标的增加

更加明显(表 4)。提示, 随着走、跑速度的增加 , 工作负荷

克服了平板运动跑台上走、跑的紧张和不适 , 此时跑台有

一定的助力作用。当受试者走、跑速度较低时 , 为脚跟先

着地; 而当8. 0 km/ h时, 受试者为脚尖先着地[3]。随着跑

台传送带速度的增加, 同时增加了受试者双脚尖后蹬的力

量, 此时跑台运动的助力作用大于带来的紧张不适, 因此,

受试者能量消耗低于场地测试。另外, 跑台测试和场地测

试之间还存在空气阻力的问题, 走、跑速度越高 , 空气阻力

逐渐增加, 机体需要消耗更多的氧气和能量完成同样的速

度[ 15, 24, 25]。但本研究为室内进行, 且研究中采用的跑速未

达到快速的程度, 因此可以忽略空气阻力造成的影响。

走、跑速度为 8. 0 km/ h 时 ,场地测试摄氧量和能量消

耗高于平板运动跑台测试的可能原因有: 第一 , 有研究指

出, / 自选速度0 [20]或/ 同样用力程度0 [ 9] 走、跑时 , 场地测试

的心率和最大跑速高于平板运动跑台测试 ; 100 m 冲刺跑

时虽然受试者在平板运动跑台和场地走、跑时都可自由发

力, 但场地走、跑的速度和成绩仍然好于平板运动跑台走、

跑[ 18] ; 提示机体在场地低速或中速跑步时容易加快速度,

导致与平板运动跑台测试相比摄氧量有所增加。对于受

试者来说, 8. 0 km/ h 的速度为慢跑, 受试者可能会不由自

主的出现用力和加快速度的现象。第二, 虽然场地测试时

受试者根据节奏和标志物严格控制跑速, 且研究人员对其

走、跑过程进行全程监督, 但仍不能完全免除受试者速度

不均匀、出现赶不上节奏或超过节奏的现象。以上究竟是

哪部分原因导致场地走、跑的能量消耗大于平板运动跑台

测试, 还需要进一步的研究。

对两种测试方法进行评价时 , 直线相关是反映方法学

评价的重要指标之一[ 28]。本研究对平板运动跑台和场地

两种不同的测试方法测得主要指标进行直线相关分析 (图

2~ 图 5) , 以平板运动跑台测试的测试数据为自变量 X,

场地测试的测试数据为因变量 Y, 回归方程 Y= aX+ b 表

现两组数据的线性趋势 , 方程式中 a为斜率, b 为截距。图

2~ 图 5 显示两组数据明显的线性相关关系, 且回归方程

中的斜率和截距均有显著的统计学差异, 说明两组测试数

据之间的相关性。在直线相关分析中 , 根据相关系数 R2

可对回归方程进行粗略估计, 如 R2 \0. 95 则说明 X 取值

范围合适, 直线回归的斜率和截距可靠; 如 R2 < 0. 95 则应

再多扩大数据范围或 X 取值范围不合适, 回归统计的斜率

和截距不能用来估计新方法带来的系统误差。本研究中

摄氧量 ( R2= 0. 95)和能量消耗值 ( R2 = 0. 955)的相关系

数满足 \0. 95 的条件, 表明两个直线回归方程中 X 取值

范围合适, 直线回归的斜率和截距可靠, 可用来预测平板

运动跑台测试和场地测试之间的系统误差。

随着便携式气体代谢仪的不断更新 , 很多身体活动的

能量消耗测定逐渐从实验室转到场地测试 , 对于一些活动

来说 , 由于场地测试与实际活动相接近, 而优于实验室测

试, 但究竟与平板运动跑台测试结果相比较一致性如何尚

且未知。配对 t 检验主要检验的是两测量方法的系统误

差是否有差别 , 即对两测量结果的系统误差敏感, 但不能

兼顾随机误差, 因此, 其本质是对/ 差异0 的检验, 而非对

/ 一致0的检验[ 6] 。国外很多研究采用 ICC 组内相关系数

和 Bland-A ltman 法评价两种测量方法中定量数据结果的

一致性[7, 29, 8] , 在考虑了随机误差的同时, 也考虑了系统误

差对于一致性的影响 , 因此, 本研究也使用了这两个指标

对场地测试与平板运动跑台测试进行了一致性评价。走、

跑时两组之间气体代谢各项指标使用配对 t 检验差异明

显, 但 ICC 系数显示有良好的一致性 ( 0. 973~ 0. 986)。另

一个指标 Bland- Altman 法计算了两种测量结果的一致性

界限 , 以测量结果的差值是否可被接受为依据 , 得出是否

具有一致性的结论, 在评价一致性方面具有独特的优

势[ 15, 17]。图 6~ 图 9 的散点图显示 , 测试指标的绝大多数

差值落在置信空间内, 表明其测量结果的差异为可被接受

的, 体现了平板运动跑台测试和场地测试数据的一致性。

本研究有两个局限。其一, 研究设计侧重于对跑台与

非跑台的差别进行研究, 且为尽量减少室内、外环境和空

气阻力的影响 , 选择了室内场地测试与跑台测试进行比

较, 但忽略了室内和室外地面的区别。此外, 引用的文献

研究中较多的是室外与跑台走、跑的对比, 可能会对研究

的分析造成一定影响。其二 ,两种测试方法的推导公式虽

然相关系数较高( R2 \ 0. 95) , 但由于样本量较少, 可能会

导致推算数据出现误差。因此, 还需要进一步增加样本量

对摄氧量和能量消耗两个推导公式进行验证。

5  结论

11 相同速度下平板运动跑台走、跑和场地走、跑的能量
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消耗差异显著, 只有直接测量场地走、跑的能量消耗才能反

映日常生活中和体育健身活动中走、跑运动的真实状况。

21 应用直线回归分析建立了平板运动跑台测试和场

地测试两种方法之间的转换推导公式, 根据跑台测试结果

可推算场地测试耗氧量和能量消耗 , 但由于样本量较少,

该公式还需要进一步增加样本量进行验证。
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ABSTRACT  

Purpose  There is lack of data on the physiological characteristics of over ground walking 

and walking recommendations for Chinese young adult. The purpose of the study is to 

measure walking-related energy expenditure during field testing, to identify step-rate cut 

point associated with moderate and vigorous intensity, and to translate physical activity (PA) 

guidelines into walking goals for Chinese young adults. 

Design  cross sectional analytic study 

Setting  two communities from Beijing and Shanghai in China 

Participants  A sample of 226 Chinese adults (117 men, 109 women) with a mean age of 

21.7 (±0.2) years, volunteered to participate in the study. All Participants were recreationally 

active without orthopedic limitations, free of chronic diseases, not taking any medications 

that affect metabolism, and non-smokers. 

Outcome measures  All the participants completed four 6-minute incremental over ground 

walking at different speeds of 3.8km/h,4.8 km/h,5.6 km and 6.4 km/h, respectively. Indirect 

calorimeter was used to measure energy expenditure at each speed. Receiver operating 

characteristic (ROC) curves were used to determine the step-rate cut points associated with 

moderate and vigorous intensity activity. 

Results  At the same walking speed，step counts per minute were higher in women than in 

men. No significant differences were found in VO2 per weight（ml·kg
-1
·min

-1）between 

women and men. Step-rate cut point associated with walking at 3METs and 6METs were 105 

step·min
-1
and 130 step·min

-1
when analyzing men and women together. There were slight 

differences on the cut points between women and men if data were analyzed separately. 

Conclusions  In order to meet PA guidelines, Chinese young adult should walk 30 minutes 
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with at least 105 step·min
-1
, or 3,150 steps or 2 kilometers with the same step-rate per day. 

Walking at a higher speed of 130 step·min
-1
 might provide additional health benefit. 
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INTRODUCTION 

Engaging in adequate amounts of physical activity has positive effect on energy balance, weight 

control, cardio-respiratory fitness and other health benefits[1-5]. It has been recommended 

that all adults perform at least 30 min of moderate-intensity aerobic activity 5 day 

each week to achieve health benefits of exercise, and physical activity of greater 

intensity or of longer duration can promote additional benefits to health[3]. Among all 

the activities, walking is regarded by public as the most common exercise[6]. 

Obviously it is a meaningful research area to explore how much walking are enough 

to meet Physical Activity Guideline. 

Some steps-based walking recommendation is developed by researchers[7-10]. The 

most widely recognized step recommendation is to accumulate 10,000 steps per day. 

However, the goal of 10,000 steps per day is based on very limited evidence, may be 

unrealistic for many people[11]. In addition, it has not incorporated the activity 

intensity. Intensity is an important index of physical activity recommendations due to 

health benefits are depending on the intensity of activity[12].  

Step rate (step·min
-1
) is one of the important parameters of walking gait and can be 

used to identify intensity in free-living walking[13]. In addition, step rate, as a simple 

indicator of ambulatory behavior, can be captured easily. More specific, if walking 

duration and step numbers are known, intensity (step rate) can be calculated, therefore, 

certain specific cut points (step·min
-1
) can be used to indicate intensity categories. 

Recently, studies have been conducted to identify step rates that correspond to 

intensity classifications[14-15]. These studies have found that walking at a pace of 

100step·min
-1
 corresponds to moderate intensity and this finding may be used to 
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promote public health recommendation of accumulating 3000 steps in 30 minutes to 

meet physical activity guidelines. Although these studies provide insightful data, there 

are limitations in their research methods. First, step rate cut points were obtained 

under controlled laboratory conditions, such as treadmill walking, which may differ 

from realistic activities (such as ground walking). Second, the small sample sizes 

from these previous studies limit its generalizability to larger population.  

Physiological responses of physical activity are dependent on the biological 

characteristics of the study population, such as race, height, weight, gender, and 

age[16]. Most of current walking recommendation studies were based on 

Westerners[17,18]. No studies have been conducted in Chinese sample. It is 

well-known that China is experiencing rapid economic growth. In China, family 

owned vehicle is getting more popular; therefore, more young people are driving 

instead of walking for daily activities. An evidence-based walking recommendation is 

in critical need for Chinese adults. 

The purposes of this study were⑴to identify step rate threshold associated with 

moderate and vigorous intensity activity for Chinese young adult, and⑵to translate 

PA guidelines into walking recommendation for Chinese young adults. 
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METHODS 

Participants  

A community-based sample of 226 Chinese adults (117 men, 109 women) with a 

mean age of 21.7 (±0.2) years, volunteered to participate in the study. All Participants 

were recreationally active without orthopedic limitations, free of chronic diseases, not 

taking any medications that affect metabolism, and non-smokers. This study was 

reviewed and approved by China Institute of Sport Science Institutional Review 

Board. Participants provided written informed consent to participate in the study.  

Walking Testing 

For walking test, we applied the previously established method to control over ground 

walking speed[19]. Briefly, an indoor room at room temperature (22.5±0.7I), well 

ventilated, and with concrete floor was used. An area of 15m×10m rectangular field 

(circumference of 50m) was marked. Markers were placed on the edges (4 sides) of 

the field with 5m apart and used as tracking indicators while the subjects were 

walking along the edges. Participants were required to perform 4 walking tests at four 

different walking speeds 3.8km/h, 4.8km/h, 5.6km, and 6.4km/h for 6 minutes, 

respectively. During the test, participants were reminded of remaining natural gait, 

looking straight, and moving from one marker to the next. They took 10 minutes rest 

before the test, and 5 minutes rest between each test. It was proved that subjects could 

easily maintain the pre-set walking speed by following the instructions and markers 

on the ground, and also keep the normal, relaxed walking manner[19]. 

Energy expenditure was measured by the Cortex MetaMax 3B metabolic analyzer 
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(German). Steady-state VO2 was recorded as an average of the last 2 minutes of each 

exercise bout. METs were calculated by dividing steady-state VO2 by 3.5ml·ml
-1
·kg

-1
. 

Moderate intensity was defined as 3.00–5.99METs, while vigorous intensity for 

6.00–8.99METs. 

After participants reached the steady state at each walking speed level (after 3 

minutes), the steps per min were recorded by a trained staff through hand counter. 

Numbers of steps were recorded twice at each walking speed, and the average value 

was calculated. 

Height and Weight Measurement 

Height was measured without shoes to the nearest 0.1centimeter using a calibrated 

electronic height meter. Weight was measured in light clothing and without shoes to 

the nearest 0.1 kg using a calibrated electronic scale. BMI was calculated as weight in 

kilograms (kg) divided by height in meters squared.   

Statistics analysis 

Descriptive statistics were expressed as mean ± SD for the physiological variables 

under each walking speed. Gender differences were tested using independent t-tests. 

Step-rate cut points were determined using receiver operating characteristic (ROC) 

curves. ROC curves were developed to examine optimal cut points in terms of 

sensitivity (correctly identifying participants who were at moderate intensity or 

vigorous intensity activity) and specificity (correctly identifying those who were not 

at moderate intensity or vigorous intensity activity). 

An alpha level of 0.05 was used to determine significance for all statistics analysis. 

Page 7 of 43

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2012-001801 on 18 January 2013. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

All analyses were performed using SPSS16.0.  

Results 

The characteristics of the study participants are presented in Table 1. Comparison 

between men and women regarding measured variables at each walking speed in men 

and women is presented in Table 2. The heart rate and VO2 (L·min
-1
) in men were 

significantly higher (P＜0.05) than those in women at the same speed of walking. 

When VO2 was adjusted for body mass, the sex effect disappeared. No significant 

differences were found in VO2 per kg between women and men across different 

speeds. 

Table 1.   Participant characteristics by gender 

Variable 

(Mean±±±±SD)         

Women Men All 

n             

Age(yr)          

Height(cm)          

Weight(kg)        

BMI (kg/m
2
)     

109 

21.8±2.0 

166.2±5.4 

59.6±8.3 

21.5±2.5 

117 

21.7±2.0 

175.7±5.0 

69.1±8.4 

22.4±2.4 

226 

21.7±2.0 

170.1±6.1 

64.5±9.6 

22.0±2.5 

BMI, body mass index; SD, standard deviation. 

Table 2 also shows that under the same walking speed, the step rate was different 

among participants. At the same walking speed, step rate was higher in women than in 

men. Although higher step rate consumes more EE, there is no significant relationship 

between VO2 and step rate within each speed (Pearson Correlation coefficient r=0.28). 

The step rate increased accordingly while the walking speed increased in both men 

and women. There was significant correlation between step rate and VO2（Pearson 

Correlation coefficient r=0.73）. 
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Table 2   Comparison between men and women regarding measured variables at each 

walking speed 

    

    

MenMenMenMen                            WomenWomenWomenWomen    PPPP    ValueValueValueValue    

        MeanMeanMeanMean    SDSDSDSD        MeanMeanMeanMean    SDSDSDSD    

3.8km/h HR  83.2 10.3   87.8 9.1 0.02 

VO2(ml·kg
-1
·min

-1
) 10.47 0.67  10.32 0.69 0.25 

VO2(L·min-1) 0.72 0.05  0.61 0.04 ＜0.00 

METs 2.93 0.21  2.91 0.19 0.78 

Step rate(step·min
-1
) 95.71 3.12  97.46 3.36 ＜0.00 

4.8km/h HR 93.3 11.1  102.3 9.6 ＜0.00 

VO2(ml·kg
-1
·min

-1
) 13.94 1.41  13.58 1.63 0.82 

VO2(L·min-1) 0.97 0.12  0.82 0.14 ＜0.00 

METs 4.02 0.45  3.96 0.61 0.40 

Step rate(step·min
-1
) 113.06 6.25  115.68 5.85 0.001 

5.6km/h HR 102.2 11.6  113.4 11.0 ＜0.00 

VO2(ml·kg
-1
·min

-1
) 15.99 1.72  15.94 1.86 0.84 

VO2(L·min-1) 1.10 0.14  0.95 0.18 ＜0.00 

METs 4.58 0.50  4.58 0.71 0.95 

Step rate(step·min
-1
) 119.61 6.22  123.01 6.93 ＜0.00 

6.4km/h 

 

HR 114.2 14.3  126.9 12.9 ＜0.00 

VO2(ml·kg
-1
·min

-1
) 19.07 2.29  19.02 2.66 0.88 

VO2(L·min-1) 1.32 0.19  1.14 0.21 ＜0.00 

METs 5.46 0.67  5.50 0.93 0.74 

Step rate(step·min
-1
) 126.01 7.02  131.00 8.40 ＜0.00 

HR, heart rate; METs, metabolic equivalent, divide VO2 by 3.5ml·ml
-1
·kg

-1
; 
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There were significant differences between MET value calculated from measured VO2 

with recommended value from PA Compendium[20]. The measured METs was 

significantly higher than recommended value at 4.8km/h, 5.6km/h and 6.4km/h, 

respectively (Figure 1). 

 

 

The different cut point regarding step rate among men and women is shown in Table 3. 

According to MPA and VPA identified from indirect calerometry, ROC-curve 

suggested that the optimal step-rate cut point was 105 step·min
–1
 for MPA with 85% 

sensitivity and 74% specificity. For the VPA cut-point, the optimal step-rate was 130 

step·min
–1
 with 96% sensitivity and 67% specificity. Women had slightly higher cut 

point than men. 
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Table 3  Step rate(step∙min
-1
) cut-points associated with MPA and VPA in women and men from 

the present study and other literatures 

Intensity 

classification 

 The 

present 

study 

(ROC 

analysis) 

    Simon J et al 14 Tudor 

et al 
15
 

Beets MW 

 et al 
26
 

Rowe DA 

 et al
 27 

Linear 

regression 

analysis 

ROC 

analysis 

MPA 

(3METs） 

All 105 89 107 100 100 

(85-111)* 

100 

(90-113)* 

Men 104 92 102 96   

Women 107 91 115 107   

 

VPA 

(6METs) 

All 130   ND ND  130 ND ND 

Men 127    125   

Women 137    136   

ROC, receiver operating characteristic curves used to determine the step-rate cut points   

ND, no data provided 

*The range of step rate based on difference of leg length26 and height27 
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Discussion: 

The main purpose of this study was to use indirect calorimeter to identify a step-rate cut-point 

associated with activity intensity in a field environment. To our knowledge, this was the first 

attempt to establish a walking target for Chinese people. We identified the optimal step-rate 

cut point was 105step·min
–1
 for MPA and 130step·min

–1
 for VPA. Applying cut-point for 

MPA to calculate the walking steps and distance taken to meet PA guidelines, 30minutes of 

moderate-intensity activity corresponds to 3,100 steps in young men and 3,200 steps in young 

women, or roughly 3150 steps for both. If steps are converted to walking distance, it is about 

2 km. 

We tested 4 different walking speeds in this study. Three of them were significantly 

corresponded with PA Compendium[20].When compared with EE reference from PA 

Compendium, the EE measured from our study was higher for three walking speeds. Previous 

studies showed inconsistent results when comparing measured EE with compendium 

reference. Some reported higher value[21], others reported lower value[22-23]. The 

inconsistency might be due to difference in sample characteristics, testing methods, and test 

environment [21,24,25]. Therefore, it is not proper to perform complete result comparisons 

for different test condition. For the current study test setting might be a contributor to the 

difference. We conducted the walking test in a field setting, not on a treadmill. Our previous 

study found that walking-related energy expenditure in the field was different from treadmill 

testing[19]. However, the intensity of these 3 walking speeds in present study was between 

4.0 and 5.5 MET, which was in the range of 3-6 MET as moderate intensity identified by PA 

Compendium. 
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Objective measurement method and larger sample size allowed this study to establish the step 

rate cut point related to intensity (METs) as a minimum threshold for MPA walking and VPA 

walking. To date, four other studies have used indirect calorimeter to validate a step-rate cut 

point associated with moderate or vigorous intensity walking. Simon J measured the step rate 

and intensity on treadmill[14]. Different cut-points were obtained from different statistical 

method, and the author concluded walking at 100 step·min
–1
on ground level would meet the 

moderate-intensity walking recommendation. Tudor-Locke and his colleagues determined 

that 96 and 107 step·min
–1
 as the minimum threshold for moderate-intensity walking, and 125 

and 136 step·min
–1
for vigorous-intensity for young men and women[15]. The two other 

studies supported the 100 step·min
–1
as moderate-intensity walking cadence while emphasized 

inter-individual variation of step rate were apparent due to anthropometric differences such as 

height and leg length[26,27]. Our finding corresponded closely with these previous studies, 

although our cut-point was slightly higher. The similar findings of these studies are 

encouraging given the differences between the sample characteristics and methodologies, 

which offer some evidence that will support the development of a consensus step rate 

recommendation for the people in different countries.              

In addition, we found that there was significant difference of step rate between young men 

and women at the same walking speed, therefore it seems proper to have different cut point 

recommendation for men and women separately. The gender differences in the mean step rate 

may be caused by differences in height and leg-length. At the same walking speed, female’s 

step frequency is higher than male due to shorter height and shorter lower limb. However, 

since the difference of step rate between men and women was less than 10 steps per min, 
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considering the needs to establish the walking recommendation in a relatively simple way, we 

think that single step rate recommendation would be more effective in physical activity 

promotion and intervention application. Therefore, we suggest 105 step·min
–1
 and 130 

step·min
–1
 cut-points to be corresponded to MPA and VPA. However, if the recommendations 

of individualized step rate would be developed in the future, physical differences such as 

height, leg length and gender should also be considered. 

In order to associate our step rate cut point with PA guideline[3], the minimum walking steps 

of 3,150 steps daily for MPA were considered based on our study results. It should be 

emphasized that 3,150 steps need to be taken above the basic number of daily steps[15]. 

Recent study has reported the daily walking steps goal for American people is 8000 steps, 

derived from accelerometer data[10], but earlier study reported 10000 steps[8]. Since people 

have different physical activity patterns, it is difficult to establish consistent total number of 

walking steps for everyone. Moreover, there is not a comprehensive walking recommendation 

if only walking steps is involved but not the intensity. Therefore, it is practical and useful to 

provide a general suggestion that how many extra steps individual needs to take above the 

daily activities and how fast to walk for health promotion. Specially, Chinese young adult 

should walk at least 30 minutes with a minimal 105 steps/min, or 3150 steps or 2 kilometers 

with the same step rate daily to meet PA guidelines. They will perform vigorous-intensity 

activity if 130 step·min
–1
 is reached and this will provide more health benefit.  

China is experiencing rapid economic growth. With the increase of private car ownership and 

the reduction of the intensity of work, a rapid decrease of physical activity levels of Chinese 

people has caused widespread concern. Data from 2007 China Physical Activity and Exercise 
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Survey showed that the proportion of young people aged 20-29 years to participate in regular 

exercise is the lowest among survey population aged 16-70 years old, with only 6.2 

percent[30]. Walking is the most common and easy exercise. Walking above the certain speed 

can improve the health of people[31]. Therefore, a walking recommendation built on 

scientific evidence for Chinese young adults is a meaningful step to help them promote the 

physical activity levels. 

One strength of the present study was large sample size and EE measurement in field settings, 

which provide sufficient power to identify the step rate cut- points accurately. Another 

strength was to provide Chinese young adults a walking recommendation in form of relative 

flexible assistive tool. People can achieve their own exercise goal by using different 

calculations, such as step rate, walking during, total walking steps, and/or walking distance. 

There were a number of limitations in this study. The first limitation was the small age range 

of young participants. It was known that gait and energy expenditure will be different 

between older and young individuals[28]. At the same walking speed, older people will have 

the gait of shorter step length and faster step rate[29].Therefore, the cut point established 

might not be suitable for older population. The second limitation was the use of a constant 

(3.5 ml·kg
–1
·min

–1
) as an estimated value of resting energy expenditure, instead of a direct 

measurement for calculating METs. Although the use of this constant is widely accepted in 

the scientific literature, it is likely to overestimate resting-energy expenditure at the individual 

level[23-24]. Then, the step rate cut point developed by the estimated value of MET might be 

overestimated. The third of limitation was lack of cross-validation. Considering the data 

collected under the current controlled environment may be different from the real 
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environment, future study should focus on establishing the validity of the current cut points 

through independent validation studies in real-life field walking. 

Conclusion:  

The step rate cut-points corresponding to activity intensity categories (in terms of MET 

levels) have been set up by this study. It could be useful for recommending appropriate 

amounts of walking exercise to meet PA guidelines for Chinese young adults. The findings 

from this study indicate that Chinese young adult should walk at least 30 minutes with a 

minimal 105 step·min
–1
, or 3150 steps with the same step rate daily to meet PA guidelines. 

There were slight differences on step-rate threshold and minimal steps between women and 

men, so further specific step rate recommendations can be developed for different gender 

group. 

What this study adds 

  1. This study shows that under the same walking speed, there was a small difference of 

EE due to different step rate among individuals. When the walking speed increased from 

3.8km/h to 6.4 km/h, step rate and energy expenditure increased almost at the same rate. 

2. This study also shows at the same walking speed, step rate was higher in women 

than in men, but the difference is less than 10 step•min
-1
. 

3. This study compares the data from Chinese young people’s walking energy 

expenditure with other findings based on western participants and set up the walking 

recommendation for Chinese young people for the first time. 
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FIGURE LEGEND 

White column: Measured value 

Black column: PA Compendium recommendation 

Title：Comparison of the measured METs value and Compendium  

( * significantly different (one-sample T Test) from Compendium value) 
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ABSTRACT  

Purpose  There is lack of data on the physiological characteristics of over ground walking 

and walking recommendations for Chinese young adult. The purpose of the study is to 

measure walking-related energy expenditure during field testing, to identify step-rate cut 

point associated with moderate and vigorous intensity, and to translate physical activity (PA) 

guidelines into walking goals for Chinese young adults. 

Design  cross sectional analytic study 

Setting  two communities from Beijing and Shanghai in China 

Participants  A sample of 226 Chinese adults (117 men, 109 women) with a mean age of 

21.7 (±0.2) years, volunteered to participate in the study. All Participants were recreationally 

active without orthopedic limitations, free of chronic diseases, not taking any medications 

that affect metabolism, and non-smokers. 

Outcome measures  All the participants completed four 6-minute incremental over ground 

walking at different speeds of 3.8km/h,4.8 km/h,5.6 km and 6.4 km/h, respectively. Indirect 

calorimeter was used to measure energy expenditure at each speed. Receiver operating 

characteristic (ROC) curves were used to determine the step-rate cut points associated with 

moderate and vigorous intensity activity. 

Results  At the same walking speed，step counts per minute were higher in women than in 

men. No significant differences were found in VO2 per weight（ml·kg
-1
·min

-1）between 

women and men. Step-rate cut point associated with walking at 3METs and 6METs were 105 

step·min
-1
and 130 step·min

-1
when analyzing men and women together. There were slight 

differences on the cut points between women and men if data were analyzed separately. 

Conclusions  In order to meet PA guidelines, Chinese young adult should walk 30 minutes 
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with at least 105 step·min
-1
, or 3,150 steps or 2 kilometers with the same step-rate per day. 

Walking at a higher speed of 130 step·min
-1
 might provide additional health benefit. 
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INTRODUCTION 

Engaging in adequate amounts of physical activity has positive effect on energy balance, weight 

control, cardio-respiratory fitness and other health benefits[1-5]. It has been recommended 

that all adults perform at least 30 min of moderate-intensity aerobic activity 5 day 

each week to achieve health benefits of exercise, and physical activity of greater 

intensity or of longer duration can promote additional benefits to health[3]. Among all 

the activities, walking is regarded by public as the most common exercise[6]. 

Obviously it is a meaningful research area to explore how much walking are enough 

to meet Physical Activity Guideline. 

Some steps-based walking recommendation is developed by researchers[7-10]. The 

most widely recognized step recommendation is to accumulate 10,000 steps per day. 

However, the goal of 10,000 steps per day is based on very limited evidence, may be 

unrealistic for many people[11]. In addition, it has not incorporated the activity 

intensity. Intensity is an important index of physical activity recommendations due to 

health benefits are depending on the intensity of activity[12].  

Step rate (step·min
-1
) is one of the important parameters of walking gait and can be 

used to identify intensity in free-living walking[13]. In addition, step rate, as a simple 

indicator of ambulatory behavior, can be captured easily. More specific, if walking 

duration and step numbers are known, intensity (step rate) can be calculated, therefore, 

certain specific cut points (step·min
-1
) can be used to indicate intensity categories. 

Recently, studies have been conducted to identify step rates that correspond to 

intensity classifications[14-15]. These studies have found that walking at a pace of 

100step·min
-1
 corresponds to moderate intensity and this finding may be used to 
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promote public health recommendation of accumulating 3000 steps in 30 minutes to 

meet physical activity guidelines. Although these studies provide insightful data, there 

are limitations in their research methods. First, step rate cut points were obtained 

under controlled laboratory conditions, such as treadmill walking, which may differ 

from realistic activities (such as ground walking). Second, the small sample sizes 

from these previous studies limit its generalizability to larger population.  

Physiological responses of physical activity are dependent on the biological 

characteristics of the study population, such as race, height, weight, gender, and 

age[16]. Most of current walking recommendation studies were based on 

Westerners[17,18]. No studies have been conducted in Chinese sample. It is 

well-known that China is experiencing rapid economic growth. In China, family 

owned vehicle is getting more popular; therefore, more young people are driving 

instead of walking for daily activities. An evidence-based walking recommendation is 

in critical need for Chinese adults. 

The purposes of this study were⑴to identify step rate threshold associated with 

moderate and vigorous intensity activity for Chinese young adult, and⑵to translate 

PA guidelines into walking recommendation for Chinese young adults. 
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METHODS 

Participants  

A community-based sample of 226 Chinese adults (117 men, 109 women) with a 

mean age of 21.7 (±0.2) years, volunteered to participate in the study. All Participants 

were recreationally active without orthopedic limitations, free of chronic diseases, not 

taking any medications that affect metabolism, and non-smokers. This study was 

reviewed and approved by China Institute of Sport Science Institutional Review 

Board. Participants provided written informed consent to participate in the study.  

Walking Testing 

For walking test, we applied the previously established method to control over ground 

walking speed[19]. Briefly, an indoor room at room temperature (22.5±0.7I), well 

ventilated, and with concrete floor was used. An area of 15m×10m rectangular field 

(circumference of 50m) was marked. Markers were placed on the edges (4 sides) of 

the field with 5m apart and used as tracking indicators while the subjects were 

walking along the edges. Participants were required to perform 4 walking tests at four 

different walking speeds 3.8km/h, 4.8km/h, 5.6km, and 6.4km/h for 6 minutes, 

respectively. During the test, participants were reminded of remaining natural gait, 

looking straight, and moving from one marker to the next. They took 10 minutes rest 

before the test, and 5 minutes rest between each test. It was proved that subjects could 

easily maintain the pre-set walking speed by following the instructions and markers 

on the ground, and also keep the normal, relaxed walking manner[19]. 

Energy expenditure was measured by the Cortex MetaMax 3B metabolic analyzer 
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(German). Steady-state VO2 was recorded as an average of the last 2 minutes of each 

exercise bout. METs were calculated by dividing steady-state VO2 by 3.5ml·ml
-1
·kg

-1
. 

Moderate intensity was defined as 3.00–5.99METs, while vigorous intensity for 

6.00–8.99METs. 

After participants reached the steady state at each walking speed level (after 3 

minutes), the steps per min were recorded by a trained staff through hand counter. 

Numbers of steps were recorded twice at each walking speed, and the average value 

was calculated. 

Height and Weight Measurement 

Height was measured without shoes to the nearest 0.1centimeter using a calibrated 

electronic height meter. Weight was measured in light clothing and without shoes to 

the nearest 0.1 kg using a calibrated electronic scale. BMI was calculated as weight in 

kilograms (kg) divided by height in meters squared.   

Statistics analysis 

Descriptive statistics were expressed as mean ± SD for the physiological variables 

under each walking speed. Gender differences were tested using independent t-tests. 

Step-rate cut points were determined using receiver operating characteristic (ROC) 

curves. ROC curves were developed to examine optimal cut points in terms of 

sensitivity (correctly identifying participants who were at moderate intensity or 

vigorous intensity activity) and specificity (correctly identifying those who were not 

at moderate intensity or vigorous intensity activity). 

An alpha level of 0.05 was used to determine significance for all statistics analysis. 
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All analyses were performed using SPSS16.0.  

Results 

The characteristics of the study participants are presented in Table 1. Comparison 

between men and women regarding measured variables at each walking speed in men 

and women is presented in Table 2. The heart rate and VO2 (L·min
-1
) in men were 

significantly higher (P＜0.05) than those in women at the same speed of walking. 

When VO2 was adjusted for body mass, the sex effect disappeared. No significant 

differences were found in VO2 per kg between women and men across different 

speeds. 

Table 1.   Participant characteristics by gender 

Variable 

(Mean±±±±SD)         

Women Men All 

n             

Age(yr)          

Height(cm)          

Weight(kg)        

BMI (kg/m
2
)     

109 

21.8±2.0 

166.2±5.4 

59.6±8.3 

21.5±2.5 

117 

21.7±2.0 

175.7±5.0 

69.1±8.4 

22.4±2.4 

226 

21.7±2.0 

170.1±6.1 

64.5±9.6 

22.0±2.5 

BMI, body mass index; SD, standard deviation. 

Table 2 also shows that under the same walking speed, the step rate was different 

among participants. At the same walking speed, step rate was higher in women than in 

men. Although higher step rate consumes more EE, there is no significant relationship 

between VO2 and step rate within each speed (Pearson Correlation coefficient r=0.28). 

The step rate increased accordingly while the walking speed increased in both men 

and women. There was significant correlation between step rate and VO2（Pearson 

Correlation coefficient r=0.73）. 
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Table 2   Comparison between men and women regarding measured variables at each 

walking speed 

    

    

MenMenMenMen                            WomenWomenWomenWomen    PPPP    ValueValueValueValue    

        MeanMeanMeanMean    SDSDSDSD        MeanMeanMeanMean    SDSDSDSD    

3.8km/h HR  83.2 10.3   87.8 9.1 0.02 

VO2(ml·kg
-1
·min

-1
) 10.47 0.67  10.32 0.69 0.25 

VO2(L·min-1) 0.72 0.05  0.61 0.04 ＜0.00 

METs 2.93 0.21  2.91 0.19 0.78 

Step rate(step·min
-1
) 95.71 3.12  97.46 3.36 ＜0.00 

4.8km/h HR 93.3 11.1  102.3 9.6 ＜0.00 

VO2(ml·kg
-1
·min

-1
) 13.94 1.41  13.58 1.63 0.82 

VO2(L·min-1) 0.97 0.12  0.82 0.14 ＜0.00 

METs 4.02 0.45  3.96 0.61 0.40 

Step rate(step·min
-1
) 113.06 6.25  115.68 5.85 0.001 

5.6km/h HR 102.2 11.6  113.4 11.0 ＜0.00 

VO2(ml·kg
-1
·min

-1
) 15.99 1.72  15.94 1.86 0.84 

VO2(L·min-1) 1.10 0.14  0.95 0.18 ＜0.00 

METs 4.58 0.50  4.58 0.71 0.95 

Step rate(step·min
-1
) 119.61 6.22  123.01 6.93 ＜0.00 

6.4km/h 

 

HR 114.2 14.3  126.9 12.9 ＜0.00 

VO2(ml·kg
-1
·min

-1
) 19.07 2.29  19.02 2.66 0.88 

VO2(L·min-1) 1.32 0.19  1.14 0.21 ＜0.00 

METs 5.46 0.67  5.50 0.93 0.74 

Step rate(step·min
-1
) 126.01 7.02  131.00 8.40 ＜0.00 

HR, heart rate; METs, metabolic equivalent, divide VO2 by 3.5ml·ml
-1
·kg

-1
; 
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There were significant differences between MET value calculated from measured VO2 

with recommended value from PA Compendium[20]. The measured METs was 

significantly higher than recommended value at 4.8km/h, 5.6km/h and 6.4km/h, 

respectively (Figure 1). 

 

 

The different cut point regarding step rate among men and women is shown in Table 3. 

According to MPA and VPA identified from indirect calerometry, ROC-curve 

suggested that the optimal step-rate cut point was 105 step·min
–1
 for MPA with 85% 

sensitivity and 74% specificity. For the VPA cut-point, the optimal step-rate was 130 

step·min
–1
 with 96% sensitivity and 67% specificity. Women had slightly higher cut 

point than men. 
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Table 3  Step rate(step∙min
-1
) cut-points associated with MPA and VPA in women and men from 

the present study and other literatures 

Intensity 

classification 

 The 

present 

study 

(ROC 

analysis) 

    Simon J et al 14 Tudor 

et al 
15
 

Beets MW 

 et al 
26
 

Rowe DA 

 et al
 27 

Linear 

regression 

analysis 

ROC 

analysis 

MPA 

(3METs） 

All 105 89 107 100 100 

(85-111)* 

100 

(90-113)* 

Men 104 92 102 96   

Women 107 91 115 107   

 

VPA 

(6METs) 

All 130   ND ND  130 ND ND 

Men 127    125   

Women 137    136   

ROC, receiver operating characteristic curves used to determine the step-rate cut points   

ND, no data provided 

*The range of step rate based on difference of leg length26 and height27 
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Discussion: 

The main purpose of this study was to use indirect calorimeter to identify a step-rate cut-point 

associated with activity intensity in a field environment. To our knowledge, this was the first 

attempt to establish a walking target for Chinese people. We identified the optimal step-rate 

cut point was 105step·min
–1
 for MPA and 130step·min

–1
 for VPA. Applying cut-point for 

MPA to calculate the walking steps and distance taken to meet PA guidelines, 30minutes of 

moderate-intensity activity corresponds to 3,100 steps in young men and 3,200 steps in young 

women, or roughly 3150 steps for both. If steps are converted to walking distance, it is about 

2 km. 

We tested 4 different walking speeds in this study. Three of them were significantly 

corresponded with PA Compendium[20].When compared with EE reference from PA 

Compendium, the EE measured from our study was higher for three walking speeds. Previous 

studies showed inconsistent results when comparing measured EE with compendium 

reference. Some reported higher value[21], others reported lower value[22-23]. The 

inconsistency might be due to difference in sample characteristics, testing methods, and test 

environment [21,24,25]. Therefore, it is not proper to perform complete result comparisons 

for different test condition. For the current study test setting might be a contributor to the 

difference. We conducted the walking test in a field setting, not on a treadmill. Our previous 

study found that walking-related energy expenditure in the field was different from treadmill 

testing[19]. However, the intensity of these 3 walking speeds in present study was between 

4.0 and 5.5 MET, which was in the range of 3-6 MET as moderate intensity identified by PA 

Compendium. 
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Objective measurement method and larger sample size allowed this study to establish the step 

rate cut point related to intensity (METs) as a minimum threshold for MPA walking and VPA 

walking. To date, four other studies have used indirect calorimeter to validate a step-rate cut 

point associated with moderate or vigorous intensity walking. Simon J measured the step rate 

and intensity on treadmill[14]. Different cut-points were obtained from different statistical 

method, and the author concluded walking at 100 step·min
–1
on ground level would meet the 

moderate-intensity walking recommendation. Tudor-Locke and his colleagues determined 

that 96 and 107 step·min
–1
 as the minimum threshold for moderate-intensity walking, and 125 

and 136 step·min
–1
for vigorous-intensity for young men and women[15]. The two other 

studies supported the 100 step·min
–1
as moderate-intensity walking cadence while emphasized 

inter-individual variation of step rate were apparent due to anthropometric differences such as 

height and leg length[26,27]. Our finding corresponded closely with these previous studies, 

although our cut-point was slightly higher. The similar findings of these studies are 

encouraging given the differences between the sample characteristics and methodologies, 

which offer some evidence that will support the development of a consensus step rate 

recommendation for the people in different countries.              

In addition, we found that there was significant difference of step rate between young men 

and women at the same walking speed, therefore it seems proper to have different cut point 

recommendation for men and women separately. The gender differences in the mean step rate 

may be caused by differences in height and leg-length. At the same walking speed, female’s 

step frequency is higher than male due to shorter height and shorter lower limb. However, 

since the difference of step rate between men and women was less than 10 steps per min, 

Page 34 of 43

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2012-001801 on 18 January 2013. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

considering the needs to establish the walking recommendation in a relatively simple way, we 

think that single step rate recommendation would be more effective in physical activity 

promotion and intervention application. Therefore, we suggest 105 step·min
–1
 and 130 

step·min
–1
 cut-points to be corresponded to MPA and VPA. However, if the recommendations 

of individualized step rate would be developed in the future, physical differences such as 

height, leg length and gender should also be considered. 

In order to associate our step rate cut point with PA guideline[3], the minimum walking steps 

of 3,150 steps daily for MPA were considered based on our study results. It should be 

emphasized that 3,150 steps need to be taken above the basic number of daily steps[15]. 

Recent study has reported the daily walking steps goal for American people is 8000 steps, 

derived from accelerometer data[10], but earlier study reported 10000 steps[8]. Since people 

have different physical activity patterns, it is difficult to establish consistent total number of 

walking steps for everyone. Moreover, there is not a comprehensive walking recommendation 

if only walking steps is involved but not the intensity. Therefore, it is practical and useful to 

provide a general suggestion that how many extra steps individual needs to take above the 

daily activities and how fast to walk for health promotion. Specially, Chinese young adult 

should walk at least 30 minutes with a minimal 105 steps/min, or 3150 steps or 2 kilometers 

with the same step rate daily to meet PA guidelines. They will perform vigorous-intensity 

activity if 130 step·min
–1
 is reached and this will provide more health benefit.  

China is experiencing rapid economic growth. With the increase of private car ownership and 

the reduction of the intensity of work, a rapid decrease of physical activity levels of Chinese 

people has caused widespread concern. Data from 2007 China Physical Activity and Exercise 
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Survey showed that the proportion of young people aged 20-29 years to participate in regular 

exercise is the lowest among survey population aged 16-70 years old, with only 6.2 

percent[30]. Walking is the most common and easy exercise. Walking above the certain speed 

can improve the health of people[31]. Therefore, a walking recommendation built on 

scientific evidence for Chinese young adults is a meaningful step to help them promote the 

physical activity levels. 

One strength of the present study was large sample size and EE measurement in field settings, 

which provide sufficient power to identify the step rate cut- points accurately. Another 

strength was to provide Chinese young adults a walking recommendation in form of relative 

flexible assistive tool. People can achieve their own exercise goal by using different 

calculations, such as step rate, walking during, total walking steps, and/or walking distance. 

There were a number of limitations in this study. The first limitation was the small age range 

of young participants. It was known that gait and energy expenditure will be different 

between older and young individuals[28]. At the same walking speed, older people will have 

the gait of shorter step length and faster step rate[29].Therefore, the cut point established 

might not be suitable for older population. The second limitation was the use of a constant 

(3.5 ml·kg
–1
·min

–1
) as an estimated value of resting energy expenditure, instead of a direct 

measurement for calculating METs. Although the use of this constant is widely accepted in 

the scientific literature, it is likely to overestimate resting-energy expenditure at the individual 

level[23-24]. Then, the step rate cut point developed by the estimated value of MET might be 

overestimated. The third of limitation was lack of cross-validation. Considering the data 

collected under the current controlled environment may be different from the real 

Page 36 of 43

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2012-001801 on 18 January 2013. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

environment, future study should focus on establishing the validity of the current cut points 

through independent validation studies in real-life field walking. 

Conclusion:  

The step rate cut-points corresponding to activity intensity categories (in terms of MET 

levels) have been set up by this study. It could be useful for recommending appropriate 

amounts of walking exercise to meet PA guidelines for Chinese young adults. The findings 

from this study indicate that Chinese young adult should walk at least 30 minutes with a 

minimal 105 step·min
–1
, or 3150 steps with the same step rate daily to meet PA guidelines. 

There were slight differences on step-rate threshold and minimal steps between women and 

men, so further specific step rate recommendations can be developed for different gender 

group. 

What this study adds 

  1. This study shows that under the same walking speed, there was a small difference of 

EE due to different step rate among individuals. When the walking speed increased from 

3.8km/h to 6.4 km/h, step rate and energy expenditure increased almost at the same rate. 

2. This study also shows at the same walking speed, step rate was higher in women 

than in men, but the difference is less than 10 step•min
-1
. 

3. This study compares the data from Chinese young people’s walking energy 

expenditure with other findings based on western participants and set up the walking 

recommendation for Chinese young people for the first time. 
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FIGURE LEGEND 

White column: Measured value 

Black column: PA Compendium recommendation 

Title：Comparison of the measured METs value and Compendium  

( * significantly different (one-sample T Test) from Compendium value) 
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