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Abstract  23 

Background: In order to promote walking, researchers have sought to identify the required 24 

step rate to maintain a health-enhancing intensity of walking. However, there is limited 25 

evidence regarding the stepping rate required to promote moderate intensity walking in 26 

adolescent girls.   27 

Purpose: To identify the step rate equivalent to moderate intensity physical activity (MPA) in 28 

adolescent girls and to explore the influence that different anthropometric measures may have 29 

on the step rate equating to MPA in this population. 30 

Methods: Fifty six adolescent girls (mean age 13.8(0.7) yrs) were recruited to the study. 31 

Anthropometric variables and resting metabolic rate were assessed, followed by three 32 

overground walking trials on a flat surface at approximately 2, 3 and 4 mph each lasting a 33 

minimum of 4 minutes. Oxygen uptake ( ) was assessed using a portable gas analyser, 34 

and subsequently converted into METs. Step count was assessed by real time direct 35 

observation handtally. 36 

Results:  Employing the linear regression between step rate and METs (r2 =0.20 SEE 0.003) 37 

suggests that 120 steps·min-¹was representative of MPA (3METs) equating to 7200 steps in 38 

60 minutes. Multiple regression and mixed model regression confirmed weight related 39 

variables and maturity were significant predictors of METs (P<0.01).  40 

 41 

Conclusion: The results suggest that at population level a step rate of 120 steps·min-¹ may be 42 

advocated to achieve MPA in adolescent girls, although due to the small sample size used 43 

caution should be applied. At an individual level other factors such as age and weight should 44 

be considered.  45 
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Background 46 

Walking is considered a common and accessible form of physical activity that is incorporated 47 

into everyday living and is relatively easy to measure (19, 28).  In an adolescent population 48 

walking may be a convenient alternative to active play and sports participation.  While existing 49 

physical activity guidelines state adolescents should engage in an average of 60 minutes and 50 

up to several hours of moderate to vigorous physical activity (MVPA) everyday, (12) step based 51 

recommendations that reflect this guideline are still emerging. Step rate or cadence (i.e. steps 52 

taken per minute) is often used to infer ambulatory intensity.  Therefore, in order to promote 53 

walking, researchers have sought to identify the required step rate to maintain a health-54 

enhancing intensity of walking (1, 5, 16, 23, 26, 30, 36).   55 

In adults, existing public health guidelines have been translated into step based cut points that 56 

reflect intensity of walking. A step rate of 100 steps·min-¹ is considered the minimum 57 

requirement to achieve moderate intensity activity, a reasonable heuristic used to promote 3000 58 

steps in 30mins (1, 5, 23, 30, 36).   With regard to the stepping rate required to promote 59 

moderate intensity walking in young people, and specifically adolescent girls, there is limited 60 

overground walking data.  Seven youth studies have provided data on step rate that reflect 61 

intensity of walking, (13, 14, 16, 17, 20, 26, 38) and Tudor-Locke et al (37) has suggested that 62 

6600-7000 steps in 60 minutes, or a step rate of 110-116steps·min-¹ is representative of 63 

continuous walking at moderate intensity (at least 3METs) in 10-15 year olds. Three METs is 64 

considered the minimum requirement to achieve MPA in adolescent (15, 32).  However, with 65 

the exception of studies by Harrington et al., (16) Morgan et al., (26) and Tudor-Locke et al., 66 

(38) none of these youth studies have directly assessed intensity (energy expenditure), but 67 

estimated it from walking speeds (13), the compendium of physical activities (17), and heart 68 

rate (14, 20). Harrington et al., (16) and Tudor-Locke et al (38) also estimated resting energy 69 

expenditure in participants under 18 years to calculate MET values. Therefore, the MET values 70 
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reported within these studies are based on predicted MET   values rather than age adjusted as 71 

reported by Morgan et al (26). Resting energy expenditure is dependent on a range of factors, 72 

and during growth, fat-free mass is a key determinant of resting metabolic rate (27).  73 

Particularly during the adolescent years, prediction of resting metabolic rate is therefore 74 

problematic for the purposes of estimating the MET equivalent of MPA.   75 

 Further, the step rates reported have either been derived from pedometer or accelerometer 76 

determined step counts, rather than real time direct observation (13, 14, 17, 20, 26), which is 77 

considered to be the more appropriate criterion (30). Otherwise, studies have derived step 78 

rates from treadmill walking (13, 14, 20, 26, 38), which is not equivalent to overground 79 

walking in terms of energy cost at walking speeds representative of MVPA (21). The step 80 

rate required to achieve moderate to vigorous intensity of walking overground in this 81 

population is therefore not currently known.  82 

A further set of factors, such as height, leg length and weight status appear to affect step rate 83 

associated intensity and have been addressed within the adult literature (5, 23, 30).  However, 84 

it is unclear what impact these factors may have on step rate in an adolescent population 85 

where growth and maturation is prevalent.  86 

The aims of this study were therefore i) to address the limitations of previous youth studies, 87 

by directly assessing intensity and step count in order to determine the intensity of stepping 88 

(steps·min‾¹) that is equivalent to MPA (≥3METs) in adolescent girls overground. ii) 89 

determine how many moderate intensity steps equate to 60mins MPA and iii) to explore the 90 

influence (if any) that different anthropometric measures may have on the step rate equating 91 

to MPA in this population.   92 

 93 
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 Methods and Procedures 94 

 Participants 95 

Following institutional ethics and local city council approval, parental and participant 96 

consent, a convenience sample of adolescent girls (n=56; mean age 13.8 (0.7) yrs) 97 

volunteered to take part in the study.  The study was conducted at two separate locations, a 98 

local secondary school and the universities’ exercise laboratory. The same protocol was 99 

followed at each location.   Data were collected in the following order: a) anthropometric and 100 

resting metabolic rate measurements; b) three overground walking trials lasting between 4 101 

and 6 minutes (mean walking time (5.03 (0.9)) minutes).  102 

Anthropometry 103 

Stature and body mass were measured using a portable stadiometer and flat scales (Seca 761, 104 

Seca Birmingham, UK) (SEE= 0.4, 0.7) respectively. Sitting height was measured while 105 

participants sat on a solid box (dimensions: 70x40x40cm) and was assessed whilst the spine 106 

was stretched, and head held in the Frankfort plane. Sitting height was subsequently used to 107 

calculate leg length from stature. Waist circumference was measured at minimal waist site to 108 

the nearest millimeter, using a steel tape with participants in the standing position and at the 109 

end of expiration.  All measurements were made according to the procedures recommended 110 

by the International Society for Advancement of Kinanthropometry (15).    111 

Body mass index (BMI) was calculated by dividing body weight in kilograms (kg) by height 112 

in meters² (kg/m²).  BMI z-scores and percentiles of BMI were calculated from the UK90 113 

reference data (8,9) 114 

Maturation status 115 

Chronological age (yrs); Weight (kg); Sitting height (cm) and leg length (cm) were used to 116 

calculate maturation status reported as maturity offset (time before or after peak height 117 

velocity) and was predicted using the equation of Mirwald et al (25).  118 
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Metabolic measures 119 

Gas exchange variables and heart rate were measured and displayed online using the Oxycon 120 

mobile portable metabolic cart (Viasys Healthcare, Hoehberg, Germany). A wearlink heart 121 

rate monitor band (Polar, Kempele, Finland) was fitted by the girls under their clothing, 122 

around the ribcage and under the chest.  The participants breathed through an appropriately 123 

sized tight-fitting mask (Hans Rudolph ING, USA) with the total dead space volume, 124 

including turbine, of 120ml. The gas analyser, volume sensor and turbine were calibrated 125 

according to manufacturers’ specifications before each test. Oxygen uptake ( V̇O2) was 126 

measured continuously on a breath-by-breath basis and averaged over 5 seconds for data 127 

analysis.   128 

For the assessment of resting metabolic rate �̇�𝑂2 was measured over a 20minute period while 129 

the participants were in fasted state (zero calorie intake at least 4hrs prior to testing) and sat 130 

quietly watching a DVD. One MET was calculated individually as the mean V̇O2 between the 131 

10th and 15th min of the 20-min seated period.   �̇�𝑂2 were then converted to energy 132 

expenditure reported as Kcal and kJ, using the Weir equation (40). The calculated resting 133 

energy expenditure was then standardised to 1 metabolic equivalent (MET) for each 134 

participant.  135 

Overground walking trials  136 

Indoor oval tracks were marked out at each location.  Although the distance (34m and 48m) 137 

and dimensions of this space differed between locations the tracks were of the same shape 138 

and surface type (indoor vinyl sports flooring). Participants completed three overground 139 

walking trials at an individually prescribed step rate. Prescribed step rate for the overground 140 

walking trials were obtained from 60-s hand-tally count during 6 minute treadmill trials at 2, 141 

3 and 4 mph (full details of the treadmill protocol are reported in MacDonald et al (21)).  This 142 

was accomplished by setting a clip-on metronome to the prescribed step rate and asking each 143 
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participant to match their step rate to the metronome.  Total number of steps taken were 144 

measured, using real time direct observation hand-tally count by means of a researcher 145 

(observed by 2 researchers) walking behind each participant counting steps taken.  146 

Participants started and finished each trial at the same point and were informed by the 147 

researcher half way round the last lap to stop at the finish line.  In order to obtain steady state 148 

data, participants walked for between 4 and 6 minutes. The event marker on the metabolic 149 

cart was pressed immediately prior to and following each trial, for later reference in the V̇O2 150 

data, and heart rate data were recorded during the last 15 seconds of each of minutes of the 151 

trials, to determine steady state.  An average of 5 minutes static rest was taken between trials.  152 

Stride length tests.   153 

Two overground stride length tests, a 10 meter stride test and a 10 step test were conducted 154 

after the overground walking trials.  Participants were instructed to walk at their normal 155 

walking pace.  The 10 meter stride test began at a start line with two feet together, participant 156 

walked toward a target 15meters from the start line, their steps being counted by the 157 

researcher until the heal strike of the 10 meter point. For the 10 step test, the participant 158 

started at a start line with two feet together and walked towards a target until instructed to 159 

stop by the researcher on the heal strike of their 10th stride.  The distance travelled was then 160 

measured with a measuring tape to the nearest 0.1 centimeters.  Each measurement was 161 

repeated, and an average taken to be the true measure. 162 

Data analysis  163 

Step rate was calculated by dividing the total steps taken during each walking trial by total 164 

time walked.  Walking speed was calculated by dividing the distance walked by the time 165 

walked. For each walking trial V̇O2 was determined from the final 2 min, and subsequently 166 

converted into METS.  Descriptive statistics were expressed as mean (SD) for each variable. 167 
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Participants step rate for each walking trail were plotted against the corresponding MET 168 

values to quantify the relationship between step rate and METs and to examine the data for 169 

potential outliers (Figure1). Additionally, the modified Breush Pagen (Koenker test) (7, 18) 170 

were used to the test data for heteroskedasticity.   171 

 172 

Multiple regressions were used to estimate overground METs from step rate and one 173 

additional variable; stride length indicators (height, leg length and two stride length tests), as 174 

in Rowe et al. (30), and from other variables and anthropometric measures (chronological 175 

age; weight, BMIz, waist circumference and maturity offset). 176 

 177 

To account for the multiple data points observed for each participant (which is a violation of 178 

the assumption of independence in multiple regression) a mixed model regression was used 179 

to develop equations that were used to determine step rate cut points, as in Marshall et al (23) 180 

and Rowe et al (30). Sensitivity and Specificity for each step cut point obtained were also 181 

calculated. In a mixed model regression individual intercepts and slopes are estimated 182 

separately for each participant and the repeated factor is modelled as a random, rather than 183 

fixed factor (6, 35).  All analyses were conducted using PASW Statistics version 18.0.0 (IBM 184 

Corp., Somers, NY, USA). Statistical significance was set at p < 0.05 185 

Results  186 

Descriptive results  187 

Tables 1 and 2 present descriptive data for participants’ physical characteristics, resting 188 

measures and response parameters during each overground walking trial.  Participants 189 

covered a broad range in height, weight and BMI.  One participant was classified as 190 

underweight (BMI for age < -2SD), 9 were at risk of overweight (BMI for age > +1SD < 191 
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+2SD) and 4 were overweight (BMI for age > +2SD) according to World Health 192 

Organisation (WHO) (21,22).  Fifty-four (96.4%) of the participants had attained peak height 193 

velocity at the time of data collection.  Average walking speed was 2.5, 3.0 and 3.4mph for 194 

the slow, moderate and fast trials respectively. With each increase in walking speed the 195 

associated energy costs in terms of   V̇O2 and METs also increased, as did step rate and heart 196 

rate. 197 

Linear regression between step rate and METs 198 

Four outliers were identified (defined by ±2 Standard Deviations and tested using Cook’s 199 

distance test (10)), two of which were further identified as data points from the same 200 

individual from the slow and moderate walking trials. This individual had a stepping rate of 201 

72 and 68 steps·min-¹ for the slow and moderate walking trials respectively compared to the 202 

mean step rate of 104 and 121 steps·min-¹. All observations (outlying data points) were 203 

subsequently removed from further analysis. Removal of all the outliers improved the model 204 

fit from r² = 0.13 to r² = 0.20; SEE=0.003.  205 

Equation 1 presents the linear regression equation between step rate and METs  206 

Y= 0.0217x + 0.381 (Y= METS, x= step rate; r²=0.20).    [1] 207 

Solving this equation for 3 METs, resulted in a step cut point of 120 steps·min-¹.  In 60 208 

minutes, this would equate to 7200 moderate intensity steps.  209 

Multiple regression analyses  210 

Results of the multiple regression analyses are presented in table 3. Each of the variables 211 

explained significant (p<0.01) additional variance (change in R2) in METs when added to 212 

step rate. Weight related variables (weight, BMIz and waist circumference) accounted for the 213 

largest amount of variance (35, 29 and 32% respectively). The height related variables 214 
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(height, leg length and the two stride length tests) accounted for less variability in the model 215 

than the weight related variables but still accounted for significant additional variance when 216 

added to step rate (26, 23, 26 and 22% respectively). Age accounted for a larger variance than 217 

height variables (30%), and maturity off set accounted for the least additional variance in the 218 

model (19%). 219 

Mixed model regression  220 

A mixed model regression was used to develop regression equations to determine step rate 221 

cut points, adjusting for the random effects of the non-independent observations (Intercept 222 

only model ICC= 0.61).  The influence of the different anthropometric indexes was also 223 

tested.  Step rate, weight related variables (weight, BMIz and waist circumference) and 224 

maturity off set were significant (p<0.01) predictors of METs. However, age and height 225 

related variables (height, leg length and the two stride length tests) did not add significantly 226 

to the prediction accuracy (p=0.13, p=0.11, p=0.74, p=0.62 and p=0.14), respectively.  227 

Development of step rate cut points using mixed model regression  228 

For comparison with the linear regression and previous adult studies (23, 30, 26) a generic 229 

equation (equation 2) using step rate only is provided below.  Solving this equation for 3 230 

METs, yielded a slightly lower step cut point of 117 steps·min-¹ (sensitivity 74.3%, 231 

specificity 45.6%) compared to 120 steps·min-¹ (sensitivity 66.2%, specificity 34.4%) in the 232 

linear regression.  233 

As weight related variables were the best predictors of METs and weight itself is easily 234 

measured and is the most applicable to everyday situations, step rate cut points were 235 

subsequently developed (for illustration purposes) according to weight status (equation 3). 236 

Using equation 3 step rate cut points for 3 and 4 MET were developed for various weight 237 

categories from 35kg to 85kg. The mean cut point for all weights was 117 steps·min-¹. The 238 
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range of step rates were 99-130 steps·min-¹ (3METs) and 139-169 steps·min-¹ (4METs). The 239 

recommendation of 60mins MVPA per day therefore corresponds to step count targets 240 

ranging from 5940-7800 steps.   241 

METs = 0.024990 step rate + 0.063649      [2] 242 

METs = 0.025232 step rate + 0.019116 mass (kg) - 0.941304  [3] 243 

Discussion  244 

The current study has addressed the methodological limitations of prior youth studies, by 245 

directly assessing relative exercise intensity (METS derived from oxygen uptake) and steps 246 

taken overground (real time direct observation) to determine the minimum step rate required 247 

to achieve moderate intensity activity (MPA) and generate step based translation of minimal              248 

amount of MVPA (minimum number of steps required to achieve 60minutes of MVPA) in 249 

adolescent girls.  250 

Minimum step rate required to achieve moderate intensity activity  251 

Results of the linear regression analysis suggest that a step rate of 120 steps∙min⁻¹ represents, 252 

moderate intensity stepping (3METs) in adolescent girls.  However, based on the mixed 253 

model regression, which takes into account the multiple data points observed for each 254 

participant, the results indicate a slightly lower step rate of 117 steps∙min⁻¹.  Despite the more 255 

rigorous methods adopted in the current study and differences in methodologies, gender and 256 

ages, these results are consistent with the findings of, Jago et al (17) and Graser et al (13).   257 

In the only other study to investigate walking overground in youth (11-15 year old boys) Jago 258 

et al (17) reported pedometer determined step rates of 117 and 127 steps∙min⁻¹ at walking 259 

speeds of 3 and 4 mph overground.  They suggested that these speeds were representative of 260 

moderate and moderate to vigorous intensity activity.  However, as these walking speeds 261 
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were defined by the adult compendium of physical activities (where 3 mph is indicative of 3 262 

METS and 4 mph, 5 METs) (2), it was unclear whether the estimated MET values and 263 

corresponding step rates were representative of moderate intensity activity in this youth 264 

population.  In her review, Tudor-Locke et al (37) raised a similar concern with this study.   265 

Graser et al (13) investigated walking on a treadmill in a slightly younger group of 10-12 year 266 

old boys and girls. Exercise intensity during walking was not directly measured, but walking 267 

speeds of 3, 3.5 and 4mph were considered by the author to represent MVPA walking, 268 

concluding that step rates of 120-140 steps∙min⁻¹ were associated with MVPA (120 269 

steps∙min⁻¹ being the minimum step rate reported for both boys and girls).  Despite the 270 

differences in age of the participants and use of the treadmill, this data is in support of the 271 

current study in which a comparative walking speed of ~ 3mph was approximately equivalent 272 

to MPA, and therefore a step rate of 117-120 steps steps∙min⁻¹.   273 

In a separate study, Graser et al (14) investigated walking on a treadmill in 12-14 year old 274 

boys and girls, in which moderate intensity walking was defined using 40-59% of maximum 275 

heart rate.  For the same walking speed (3mph) the minimum step rate reported for adolescent 276 

girls was 15 steps∙min⁻¹ lower (102 steps∙min⁻¹) than in the current study (117 steps∙min⁻¹). 277 

While heart rate reflects relative intensity rather than direct measures of intensity such as in 278 

the present study the difference in step rate between these studies may be explained by the 279 

increased energy cost of treadmill walking (11, 21).  It is likely that the elevated energy 280 

demand for treadmill walking would be reflected in an elevated heart rate, implying that 281 

whilst the girls were walking at 3mph, they were working at a lower relative intensity 282 

reflected in a slower stepping speed. 283 

Lubans et al (20) also used heart rate determined exercise intensity (65-75% of maximum 284 

heart rate) to examine the relationship between exercise intensity and pedometer determined 285 
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step counts in a group of 14 year old boys and girls, while walking and running on a 286 

treadmill. They reported 137 steps·min-¹ for girls was associated with a heart rate of~140 287 

beats per minute (BPM) and that this indicated a walking pace equivalent to MPA. This step 288 

rate is considerably higher than currently or previously indicated to represent moderate 289 

intensity activity.  However, 139 BPM is indicative of a ‘brisk walk’ (upper end of moderate 290 

intensity) as suggested by Armstrong et al (4) and therefore the higher step rates reported by 291 

Lubans et al (20) are more likely to represent MVPA and be more equivalent to walking at 292 

4mph in the current study.  293 

In a more recent study Harrington et al (16) reported that accelerometer determined step rates 294 

of 94 or 114 steps·min-¹ corresponded to moderate intensity walking on a treadmill in a group 295 

of older adolescent girls (15-18yrs) depending on the analytical approach employed (mixed 296 

model and ROC analysis respectively).  Consequently, they suggested that 100steps∙min⁻¹ 297 

may be a practical value that could be used to promote moderate intensity walking in 298 

adolescent girls.  However, despite this step rate being similar to that reported by Graser et al 299 

(14) and the same used to promote moderate intensity walking in adults, the walking speed 300 

suggested to represent this step rate was considerably slower than in the current and previous 301 

youth and adult studies (2mph compared to 3mph).  It is suggested that slow walking speeds 302 

may be less economical (11) and adopting slower speeds may increase the relative intensity 303 

of an activity (22, 24, 39).  This may therefore explain the lower step rate for a given MET 304 

value as reported by Harrington et al (16). Harrington et al (16) also used the standard resting 305 

energy expenditure value of 3.5ml O2·kg ⁻¹·min ⁻ ¹ to calculate 1MET. Thus, corresponding 306 

MET values were not individualised.  Further the use of this standard value often leads to 307 

underestimation in EE in the youth population (15, 29) which may have also led to the higher 308 

MET values for lower step rates and walking speed being reported by Harrington et al (16).    309 

 310 
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Most recently Tudor-Locke et al (38) provided heuristic thresholds for walking intensity in 311 

the youth population. They reported for 12-14yr adolescents (both boys and girls) a step rate 312 

of 110 steps·min-¹ corresponded to moderate intensity walking (based on a combination of 313 

regression and ROC thresholds; the regression analysis returned a threshold of 106.6, CI 314 

102.5 – 111.0 steps/minute).  However, this step rate was translated from treadmill walking in 315 

12 boys and 13 girls and although they assessed energy expenditure whilst walking, resting 316 

energy expenditure was estimated. It is possible that one, or a combination of these factors 317 

could explain the lower step rate threshold reported.   318 

Influence of anthropometric indices on step rate associated intensity  319 

The influence of different anthropometric indices (individual characteristics) were explored 320 

using multiple regression (as in Rowe et al) (30). Results indicated that all variables 321 

measured (weight related variables (weight, BMIz and waist circumference); height related 322 

variables (height, leg length and the two stride length tests); chronological age and maturity 323 

offset explained significant additional variance in METs when added to step rate.  However, 324 

in the mixed model analysis only weight and maturity offset were significant predictors of 325 

METs, suggesting that step rate associated intensity is likely to be influenced by these 326 

variables (i.e. heavier or more somatically mature adolescents do not need to walk as fast as 327 

lighter or less mature peers to achieve MPA).  This is similar to the findings of Morgan et al 328 

(26) who reported BMI to significantly influence step rate and energy expenditure in a group 329 

of children and young adolescents.  330 

 331 

Jago et al (17) also observed in adolescent boys that those at risk of being overweight (BMI 332 

for age > +1SD < +2SD) recorded fewer steps (pedometer determined) than their normal 333 

weight counterparts.  However, Jago et al (17) goes on to attribute these differences to 334 

differences in stature rather than body mass (e.g. more overweight participants tended to be 335 
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taller).  Similarly, within the adult literature Beets et al (5) and Rowe et al (30) suggested that 336 

leg length and height influence step rate associated intensity in adults, reporting that smaller 337 

individuals walk at a greater step rate than taller individuals for the same energy cost (5,30) 338 

Subsequently Rowe et al (30) developed height- related step rate recommendation for adults.  339 

In these studies, the influence of weight was not considered, and although weight related step 340 

rate recommendations have been considered within the adult literature (23), they were not 341 

further developed due the small differences observed and inconsistency in step rate across 342 

different analytical models.  The relationship between body size, resting energy expenditure, 343 

submaximal energy expenditure and economy of motion is complex (31).  However, the 344 

current study assessed individualised METs to infer MPA, and thus the effect of body mass is 345 

dealt with for the immediate requirements of the study design (i.e. that relative exercise 346 

intensity can be accurately quantified). 347 

Step based translation of current physical activity guidelines  348 

Results of the current study suggest that the minimum step rate required to achieve moderate 349 

intensity walking was 117 and 120 steps∙min⁻¹ depending on the analytical model employed.  350 

The step based translation of current PA guidelines (60 minutes of MVPA daily) would 351 

therefore be 7020 and 7200 steps respectively.  While the use of a single recommendation 352 

that is able to communicate levels and intensity of ambulatory activity is attractive, due to its 353 

usability for researchers, practitioners and general public alike, Tudor-Locke et al (37) 354 

suggested a minimum step range (for example 6600-7000 steps in 60 minutes) was 355 

representative of continuous walking at moderate intensity (at least 3METs) in 10-15 year 356 

olds rather than a single guideline. More recently Tudor-Locke et al (38) proposed step rate 357 

thresholds of 90 -125 steps∙min⁻¹ (which would translate to 5400- 7500 steps in 60minutes 358 

across the ages of 6-20yrs).  Using these thresholds, the step rate they proposed for 359 

adolescent girls equates to 6600 steps in 60minutes (38) a similar value to their previous 360 
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work (37). Graser et al (14) have also suggested than one size does not fit all and the 361 

individual variation in step rate associated intensity seen within the youth population 362 

highlights the need to address step rate recommendations individually rather than with a 363 

single guideline. They also suggest that for prescriptive purposes and to inform intervention 364 

the use of a standardized minimum step rate may influence adherence as some adolescents 365 

may become bored or unchallenged, while others may find it hard to achieve and have to 366 

work above their individual moderate intensity threshold. It is also apparent within the adult 367 

literature that factors such as weight status, height and leg length have been associated with 368 

inter -individual variation in step rate associated intensity (5, 23, 30) and thus it would be 369 

useful to have additional step rate recommendations relating individual characteristics that 370 

are easily measured by anthropometric indices. 371 

 372 

From the step rate cut points developed according to weight status in the current study there 373 

was a large deviation from the generic step rate of 117steps∙min⁻¹ (range 99-130 steps∙min⁻¹), 374 

with lighter individuals taking more steps per minute than heavier individuals.  Therefore, to 375 

achieve 60mins MPA, heavier individuals may be recommended to take more than 1000 376 

steps/day more than necessary. This further highlights that a single recommendation may lead 377 

to an unachievable target for some individuals and that a step rate range, similar to that 378 

suggested by Tudor-Locke et al (37) may be beneficial for use with adolescent girls, to 379 

maximize adherence to intervention.  In order to explore walking recommendations that are 380 

related to MVPA, we also reported step rates appropriate to achieve 4 METS according to 381 

weight status. It is clear however, that the step rate required to achieve 4 METS in some girls 382 

could not be sustained without running, and therefore walking recommendation in this 383 

population should focus on moderate intensity activity and not MVPA.  384 
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Strengths and Limitations  385 

The current study had several strengths.  To our knowledge it is the first study to have 386 

directly assessed relative exercise intensity (METS derived from oxygen uptake) using 387 

indirect calorimetry during overground walking trials in a youth population.  MET values 388 

derived are therefore ‘true’ MET values, rather than estimated.  Step rates have also been 389 

derived from real time direct observation rather than pedometers counts.  390 

Limitations of this study are that its focus was on girls and did not consider boys, it therefore 391 

remains unclear what the minimum step rate require to achieve moderate intensity walking is 392 

in adolescent boys. Further, overground step rate was prescribed from treadmill step rate at 393 

set speeds of 2.0, 3.0 and 4.0mph. Treadmill step rate was replicated overground by setting a 394 

clip-on metronome to the treadmill step rate and asking each participant to match their step 395 

rate to the metronome.  Despite these measures, some of the girls naturally adjusted to a self 396 

selected speed overground. It is also acknowledged that there is some evidence that auditory 397 

cuing to regulate walking speed may impact on energy expenditure (3) which was not 398 

accounted for within the study design.   399 

Furthermore, the controlled conditions that the current study was completed under may not 400 

reflect the free living, and incidental walking behaviours of the youth population. However 401 

incidental intensity is difficult to determine using indirect calorimetry, as steady state is 402 

required for data interpretation (17) and the focus of continuous walking within the current 403 

study also allows for comparisons to be made to prior youth and adult studies in the field. It is 404 

also acknowledged that ecological validity is reduced under controlled conditions (3) and 405 

energy expenditure varies in accordance to the characteristics of the walking surface. 406 

Although the surface type and incline of the walking tracks were the same within the current 407 

study, further research is required into energy cost and equivalent step rate of walking 408 

overground on different surface types at different inclines under free living conditions.  409 
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 410 

Conclusion 411 

In conclusion results of the current study suggest that for the purpose of a general public 412 

health message, a generic step rate of 120 steps·min-¹ and 7200 in 60 mins may be advocated 413 

to achieve MPA in adolescent girls (walking on a flat surface).  However, the current study 414 

also confirms that there is great inter-individual variation in step rate associated intensity and 415 

that the use of a single recommendation is likely to lead to an unachievable target for some 416 

individuals.  Therefore, promotion of a step rate range may be beneficial for use with 417 

adolescent girls and where feasible individual step rate recommendations should be 418 

considered according to weight status.  Further research is required into ways of 419 

implementing such recommendations (individualized step rates that correspond to various 420 

intensities) into a public health setting. With the recent advancement in technologies that 421 

allow self-monitoring of PA, a growing number of which are targeted at young people, this 422 

may be possible.  423 

  424 
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Table 1.  Physical characteristics  579 

Variable Mean±SD Range  

Age (yrs) 13.85 (0.77) 12.24-15.00 

Height (cm) 159.98 (5.88) 146.40-172.60 

Weight (kg) 52.15 (9.62) 34.00-75.00 

Body Mass Index (BMI) 20.30 (3.47) 15.49-31.60 

BMI z-score  0.17 (1.12) -2.89-2.29 

BMI percentile 53.69 (30.64) 1.09-99.81 

Waist Circumference (cm)  66.40 (7.40) 53.90-88.90 

Leg Length (cm) 77.42 (4.44) 68.00-90.20 

Maturity offset (yrs) 1.45 (0.69) -0.24-2.99 

10 meter step test (step) 14.50 (1.21) 11.00-18.00 

10 step test (m) 6.80 (0.69) 5.45-8.57 

Resting  V̇O2 (ml·kg‾¹·min‾¹) 5.12 (0.83) 3.39-6.68 

Leg length = Height- Sitting height;  V̇O2= Oxygen uptake 580 

 581 

Table 2.  Response parameters for each overground walking trial  582 

Variable Walking trial 1 

(Slow) 

Walking trial 2 

(Moderate) 

Walking trial 3 

(Fast) 

Walking speed (mph) 2.5 (0.4) 3.0 (0.4) 3.4 (0.8) 

Step rate (steps·min¯¹) 104 (10) 121 (7) 132 (9) 

Heart Rate (bpm) 109 (11) 116 (10) 125 (12) 

 V̇O2(ml·kg¯¹·min¯¹) 13.47 (2.16) 15.27 (2.33) 17.07 (3.19) 

METs 2.61 (0.52) 2.99 (0.57) 3.35 (0.79) 

 V̇O2= Oxygen uptake; MET= metabolic equivalent 583 
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Table.3.  Summary of multiple regression analysis  

Model predictors  ΔR² SEE b 95% PI (METs) 

Step Rate   0.20 0.003 0.46 2.22-3.64 

Step Rate, Age (yrs)  0.30 0.061 0.50,0.31 1.89-3.98 

Step Rate, Height (cm)   0.26 0.008 0.49, 0.20 2.08-3.71 

Step Rate, Weight (kg)  0.35 0.005 0.49, 0.35 1.90-3.95 

Step Rate, BMIz 0.29 0.594 0.47, 0.26 2.07-3.85 

Step Rate, Waist 

circumference(cm) 

 0.32 0.007 0.49, 0.32 2.11-3.96 

Step Rate, Leg Length (cm)  0.23 0.012 0.49, 0.16 2.14-3.72 

Step Rate, 10m step test (steps)  0.22 0.073 0.45, 0.28 2.22-3.75 

Step Rate, 10 step test (m) 0.26 0.041 0.46, 0.18 2.04-3.83 

Step Rate, Maturity off set (yrs) 0.19 0.100 0.53, 0.40 1.79-3.90 

 BMIz= Body Mass Index Z scores; SEE= Standard Error of Estimates; 95% PI= 95% Prediction intervals 

Note: ΔR2= change in R2, additional variance.  

 
 
Figure 1. Scatter plot of Mets and Step Rate.   


