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Abstract 

This study aimed to determine, if there is a difference in energy expenditure during walking among athletes and 
non-athletes at two different speeds of walking. Ninety five healthy female students (47 athletes and 48 
non-athletes) with a mean age of 22.4 (±1.6) years purposively participated in this study. Medical and sport 
participation history of the subjects was acquired through a questionnaire. Two experimental tests including 
anthropometric measurements,VO , and walking tests on treadmill at speeds of 3.00 and 3.5 mph were 
conducted. Results showed no difference in weight, height, body mass index, and leg length between both 
groups. The non-athletes expended a greater amount of energy than athletes (3.78±.1 and 2.95±.6 kcal.min-1, 
respectively) at both speeds of 3.00mph and 3.5mph (4.89±1 and 3.94±.7 kcal.min-1). Based on energy 
requirements for walking at similar weights and speeds by ACSM’s guideline, the female athletes walked at a 
slow, moderate and brisk pace. Most of the female non-athletes walked at a moderate, brisk and very brisk pace. 
This study revealed that regular exercise could improve walking efficiency, and the energy expenditure of 
walking would play an important role in the information processing for total energy requirement that 
progressively affects weight management and health. 
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1. Introduction 

Walking is the most common physical activity in daily life performed by both sedentary and active people. It is 
an easy, simple, accessible and pleasurable activity to do in order to improve fitness levels. Hence, assessing 
walking energy expenditure is a valid way to determine walking efficiency, control or reduce weight, body 
composition and fitness of individuals (Macpherson, Purcell, & Bulley, 2009; Waters & Mulroy, 1999). 
Moreover, many studies report significant health benefits from brisk walking (+3mph) for two or more hours per 
week, with greater benefits resulting from faster walking or longer durations (Krinski, Elsangedy, Krause, 
Timossi & Silva, 2012; Howley, 2001). Although the American College of Sports Medicine (ACSM) 
recommended the METs value for brisk walking on flat and hard surface at the speed of 3.0- 3.5mph (3 and 
4METs) as a moderate level of intensity for physical activity (ACSM, 2009), other researches revealed the 
energy cost of walking is higher for non-active than active adults across different walking speeds (Martin, 
Rothstein & Larish, 1992). In fact, an active male can successfully enhance walking efficiency, and increases 
endurance in walking, running and trekking not only without any harm to his health or function but also will 
increase his capacity to support specific effort ( Peterson & Martin, 2010). 

According to McArdle et al. (2006), older adults who participate in 20 to 30 minutes of moderate-intensity 
exercise on most days of the week have better physical function, e.g. endurance, lower extremity strength, gait 
speed and balance, than older persons who are inactive or active throughout the day but do not exercise. 
However, even if exercise has not been a lifelong habit, researches show that adults who participate in sports and 
physical activity in old age have better postural ability than adults who only exercised at early age (Rose & 
Gamble, 2006). Similarly, Studenski, et al. (2011) reported that the best walking speed is chosen based on body 
abilities. Accordingly, any imbalance of these systems is likely to cause increment in physiologic penalties, or 
energy cost.  
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However, previous literatures lack sufficient sources to distinguish the difference of energy expenditure of 
walking among different people and specifically in women (Krinski et al., 2012). As long as people naturally 
walk in the manner that conserves energy at speed of 1.2 to 1.5 m.s-1 (Dal et al. 2010; Alexander, 2002), it can be 
promising to find if there is any significant difference in energy cost of walking for athletes and non-athletes, as 
active and non-active people respectively. In particular, there is no study reported to investigate the energy 
expenditure of walking among athletes and non-athletes. For these reason, the aim of this investigation is to 
describe the difference of walking efficiency between female athletes and non-athletes at two different speeds; 
3.0 and 3.5 mph. This study will bring to light the effectiveness of regular exercise during sport activities on 
walking efficiency as well as the other health aspects affecting the body of females. 

2. Method 

Ninety five healthy females (47 athletes and 48 non-athletes) aged 20-25 years (22.4 ±1.5) purposively 
participated in the experiment, each given her informed consent before the experiment began. All non-athlete 
subjects have not been involved in regular exercise, physical activities or play sports in their daily life. The 
samples for athletes were chosen from UKM sport team players who had a background of regularly exercising 
for minimum of twice a week for the past three years. They were introduced and recommended through UKM 
coach of sport teams. Students doing non- active sports and cognitive task sports (like archery) were not included 
in this study. 

All the athlete subjects had the mean of 6.2 (±3.5) years’ participation in sports activity and an average of 3(±0.6) 
exercise sessions per week. All participants were advised to avoid taking meals or consume any products with 
caffeine 2 hours before the tests. They had not taken drugs, pills and alcohol during the last 24 hours before the 
test. They were non-pregnant and non-lactating women. Information regarding to subject’s age, physical activity 
and athletic background, medical history and current medical status were obtained from subjects by means of 
questionnaire. Physical characteristics such as body mass, height, BMI, leg length and resting heart rate (HRrest) 
of the participants were shown in Table 1. Leg lengths for both legs were measured from greater trochanter to 
lateral malleolus. Resting heart rate was obtained by Heart rate Monitor after 7 minutes of rest in the supine 
position. The VO  was obtained using Queen’s College step test (QCT) protocol as a submaximal exercise 
protocol. 

2.1 Procedure 

Before starting the exercise protocol, each subject was familiarized with the treadmill. The experiment was 
conducted in four phases. Firstly, the participants were asked to walk at their own natural pace which was 
considered as a casual walking, along the straight line of 20 × 1 m walk way to measure stride length (SL) and 
step width (SW). These gait parameters were measured in order to control the basic gait factor differences among 
each group. Subjects were given two trails. At the second stage, participants walked using their own style of 
walking gait for 8 minutes at the speed of 3.0 mph on the treadmill. Each subject wore Polar Transmitter and 
Elastic Snap at the level of xiphoid process, and the Pedometer (YAMAX DIGI WALKER) at the left side of 
waist to measure the cadences while HR was measured during walking on treadmill. Wrist Monitor was worn by 
investigator who stayed within 3 to 3.5 feet (maximum 1m) by the subjects. HR measured by averaging the HR 
at respective 10-seconds interval during last 4 minutes (4th to 8th minutes) was recorded. Right at the end of test, 
before leaving treadmill, the cadences (step frequency) recorded by pedometer monitor were noted. At the third 
stage, similar to the second stage, each participant walked at the speed of 3.5 mph. This test was completed after 
HR recovery, and the subjects rested at least10 minutes prior to the next walking test to avoid effect of fatigue. 
At the last stage, after HR recovery, submaximal Queen’s College step test (QCT) protocol was conducted to 
measure VO . Elevation of the treadmill set at 0% grade. No subjects were allowed to hold onto the handrails. 

2.2 Energy Expenditure Computing 

Data collected were processed and used to compute energy expenditure using the following approach;  

Energy expenditure in kcal.min-1 was computed from the participants’ walking HR and converting to VO  
procedure. Recorded HR values were transformed into %HRR values by utilizing the formula: % HRR = 
[(activity HR - resting HR)/ (est. HRmax - resting HR)] ×100% where HRmax was assumed to equal [206.9-(0.67 × 
age)] (ACSM, 2009). Taking into consideration that %HRR is approximately equal to the %VO  reserve, the 
relative intensity of the walking bout was determined. Then, %VO  reserve for each activity was transformed to 
absolute oxygen consumption (VO  ml.kg-1.min-1) using following formula (1) (Kang, 2008): 

 reserve = [(activity  - resting )/(est. max - resting )] ×100%           (1) 

where VO max was obtained from QCT. Furthermore, EE (kcal.min-1) was estimated as VO  (ml.kg-1.min-1) × 
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Weight × 5.05)/1000 (kcal.LO2
-1), and VO  also was converted to METs by dividing by 3.5)( Kang, 2008; Swain, 

1998). In order to calculate the gait parameters, the following walking speed formula (2) was used (Rose & 
Gamble, 2006): 

Walking Speed (m.s-1) = stride length × stride frequency (cadence × 2)                (2) 

Whereby stride length (SL) is calculated by: Walking Speed/ (cadence × 2). The calculated speed in units of mph 
was converted to units of m.s-1 to be used for this formula. 

2.3 Data Analysis 

Data were analyzed using SPSS 20.0 statistical software with probability of significant set at p ≤ 
0.05.Descriptive and inferential statistical analysis techniques were used to examine for differences between the 
EE of walking of athlete and non-athlete females. Differences between the mean of EE (kcal.min-1) and METs 
during two speeds (3.0 and 3.5 mph) were compared statistically with the t-test.  

3. Results 

The demography values of subject characteristics are illustrated in Table 1. While the difference between the 
average of HRrest and VO  were statistically significant (p < .005), there was no significant difference in 
weigh, height, BMI, and leg length between athlete and no-athlete females (p < .005).  

 

Table 1. Demographic values (Mean±SD) of subjects’ characteristics 

 

Group  

Weight  

kg 

Height 

cm 

BMI 

kg.m-2 

Leg 
length cm

HRrest 

bmp 

 

ml/kg/min

HRW1 

bpm 

HRW2 
bpm 

Athletes 
(N=47) 

53.7±7.1 159.0±5.9 21.2±2.4 77.8±4.1 62.7±4.7 40.9±2.0 98.9±6.01 115.5±8.5 

Non-athlete 
(N=48) 

56.8±11.6 157.2±5.5 23.0±4.3 76.9±4.1 73.±6.0 34.8±2.2 118.1.±9.5 142.±11.03

Note: HRW1= heart rate of walking at speed of 3.0; HRW2= heart rate of walking at speed of 3.5mph 

 

Table 2 shows the information of gait parameters measured during the normal and comfortable walking on the 
ground, and walking on the treadmill at speeds 3.0 and 3.5 mph. Athletes had significantly (p < .005) longer 
stride length during walking on the ground (at comfortable pace and their own speed) and on the treadmill at 
both speeds. Non –athletes had significantly higher stride frequency (58.7±2.5, 63.1±2.1S.min-1), at speeds of 3.0 
and 3.5 mph respectively, compare to athlete females (57.1±2.6, 61.1±2 S.min-1). In other words, non-athlete 
females had shorter stride length than athletes and accordingly, non-athletes need to have more stride frequency 
to maintain the same walking speed. There was no significant difference in step width between athlete (6.2±1.3 
cm) and non-athletes (6.6±1.9 cm).  

 

Table 2. Gait parameters (Mean±SD) during walking: on the ground and treadmill 

 

Group  

Step 
width 

cm 

Stride length 

on ground 

m 

Stride 
length 1 

m 

Stride 
length 2 

m 

Stride 
frequency 1 

S.min-1 

Stride 
frequency 2 

S.min-1 

Athletes  6.2±1.3 1.33±0.07 1.35±0.04 1.51±0.05 57.1±2.6 61.1±2 

Non-athlete  6.6±1.9 1.28±0.07 1.31±0.06 1.46±0.05 58.7±2.5 63.1±2.1 

1= walking at speed of 3.0; 2= walking at speed of 3.5 mph. 
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Table 3. Comparing EE and METs values of walking at speeds of 3.0 and 3.5  

Speed 

(mph) 

Variables  Athlete

(N=47) 

Non-athlete (N=48) t-value p

 

3.0 

EE (kcal.min-1) 2.95± .54 3.78± 1.0 2.25 .027

METs 3.12± .38 3.74± .47 7.02 .000

 

3.5 

EE (kcal.min-1) 3.94± .72 4.89± 1.07 5.07 .000

METs 4.14± .45 4.9± .51 7.57 .000

 

As illustrated in Table 3, not only EE of walking of non - athletes (3.78± 1.0 kcal.min-1) was significantly higher 
than female athletes (2.95± .54 kcal.min-1), at the speed of 3.0 mph (p < .005), but it was statistically significant 
at the speed of 3.5 mph with 3.94± .72 and 4.89± 1.07 kcal.min-1 , respectively (p < .001). In addition, METs 
values of athletes (3.12± .38 METs) was lower than non-athletes (3.74± .47 METs) at the speed of 3.0 mph (p <. 
001). Moreover, a significant difference in METs values between athlete (4.14± .45 METs) and non-athlete 
(4.9± .51 METs) at the speed of 3.5 mph (p < .001) was observed. 

Based on the findings, female athletes walked as at a slow and moderate pace (40.4% of them expend METs < 3 
and 59.6% expend 3-4 METs) at the speed of 3.0mph, whereas 71% and 23% of female non-athlete walked at 
moderate and brisk (4-5METs) walking pace, respectively. At the speed of 3.5mph, 38% and 56% of female 
athletes walked at a moderate pace and brisk walking pace, while most of the female non-athletes walked at brisk 
and very brisk walking pace with 62.5% and 25%, respectively.  

4. Discussion 

Evaluation of walking energy expenditure is potentially useful for quantifying and differentiating the walking 
efficiency, and it can be accurately investigated to promote weight maintenance. Hence, in order to make 
walking an activity for health and weight control, its energy expenditure should be measured accurately 
(Browning et al., 2006). 

The findings of the present study demonstrated that the female athletes expended less energy during walking at 
speeds 3.0 and 3.5 mph than female non-athletes, as shown in Table 3. These results suggest that the physical 
activity background has an important role in minimizing energy expenditure of walking. In other word, females 
with regular exercise background have more walking efficiency compare to the ones with no physical activity 
background. 

Unfortunately, no research is available regarding to the energy expenditure of walking or economical walking 
speed among female athletes, but according to Dal et al. (2010) that presents walking at a speed of 71.15 ± 13.85 
m.min-1 (~2.7 mph) was the economical speed for both genders, it seems that female athlete walked more 
efficiently at that speed. Even though female athlete participants in this study expended higher energy at the 
speed of 3.5mph, they particularly expended less energy during walking at the speed of 3.0mph compared with 
the energy cost of walking for similar speeds reported in other studies (Thomas et al., 2009; Minetti et al., 2001). 

Furthermore, the energy expenditure of walking in female athletes at the speed of 3.0mph indicated less 
expended energy compared to the energy cost of walking categorized based on body weight by Howley and 
Franks (2007). Similarly, the female athlete subjects expend less METs values (3.12 ± .4) than ASCM’s 
recommendation reports while walking at the speed of approximately 3.0mph (Pate et al., 2007). Based on METs 
equivalents of common physical activities classified by ACSM’s report, the pace of walking of female athletes is 
considered as the light intensity physical activity. Female athletes expend 4.14 ± .45METs while walking at the 
speed of 3.5mph, which is classified as moderate intensity physical activity. 

The results for female non-athletes showed that the energy expenditure of walking at the speed of 3.0mph, based 
on body weight, is similar to the result reported by Howley and Franks (2007) for walking at the speed of 
3.5mph; 94m.min-1. However, it must be noted that the average mean of energy expenditure and efficiency of 
walking for the young healthy female non-athletes are likely very different compare to the other reported results 
for various populations in similar studies. 

On the other hand, there was no significant difference in weight between selected female athletes and 
non-athletes; 53.7 ± 7.1 and 56.8 ± 11.6 kg, respectively. Therefore, the difference of energy expenditure 
between athlete and non-athlete participants probably depends on the number and the speed of muscular 
contraction as combination of stride length and stride frequency, during a period of walking. Furthermore, there 
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are evidences indicating that the effecting factors are not limited to weight, body mass distribution and load 
carriage (McArdle et al., 2006) and, physical activity level and energy efficiency of muscles can considerably 
influence the energy cost of walking (Manini, 2010). 

In the present study, female athletes walking at the speed of 3.0mph have the stride length of 1.34 ± .04m and the 
stride frequency of 57.08 ± 2.6 S.min-1, while for female non-athlete’s stride length and the stride frequency were 
1.31 ± .06m and 58.63 ± 2.5 S.min-1 respectively. Thus, walking with increasing in stride frequency could cause 
greater energy expenditure in this speed. Similarly, Kito et al. (2006) suggested that in casual walk, cycle 
duration is the dominant factor rather than stride length to minimize energy expenditure. The findings of our 
study are in agreement with the study by Kuo (2001) and Doke, et al. (2005). Then, the reason for large increase 
in energy expenditure for female non-athletes may be explained by substandard VO  higher resting heart rate, 
step frequency increment and shorter stride length compare to their natural stride length on the ground. 

According to the findings of the mean average of walking energy expenditure per minute and the stride 
frequency per minute at the speed of 3.0mph is categorized as a brisk walking. Then, an average of 3500 to 4000 
strides (~220kcal.day-1) is recommended per hour for five days per week for female non-athletes. During these 
amounts of stride walking activity, they will approximately expend 1000kcal per week, which is equal to 
ACSM’s Guidelines for Exercise Testing and Prescription (2009) for engaging in regular sustained physical 
activity of moderate intensity. 

Findings of the current study also suggest that estimation of energy expenditure of walking plays an important 
role in information processing in total energy requirement which progressively and slowly effect on weight 
management and health (Howley & Franks, 2007; Brown & Holloszy, 1993; Driskell & Wolinsky, 2009). This 
study tries to point out the fact that the athletes tend to gain weight effortlessly during rest seasons. It also 
supports the suggestion to keep the athletes aware of estimating total daily energy requirements to manage their 
weight, especially after the end of competitive season or in the older ages. 

5. Conclusion 

Conclusively, the findings of this study demonstrate that the female athletes expended less energy during 
walking and the physical activity background has an important role in minimizing energy expenditure during 
walking. Females with regular exercise background have more efficiency of walking compare to the ones with 
no regular exercise and physical activity background. The differences in energy expenditure of walking between 
athlete and non-athlete females are explained with regard to the difference in muscular efficiency, or fitness 
levels. 
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