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Abstract  

Background: It is currently not known how much walking should be advocated for good 

health in adolescent girls.  The aim of this study was therefore to recommend health 

referenced standards for step defined physical activity relating to appropriate health 

criterion/indicators in a group of adolescent girls.  

Method: Two hundred and thirty adolescent girls aged between 12-15years volunteered to 

take part in the study. Each participant undertook measurements (BMI, waist circumference, 

% body fat and blood pressure) to define health status.  Activity data were collected by 

pedometer and used to assess daily step counts and accumulated daily activity time over 

seven consecutive days.   

Results: Individuals classified as ‘healthy’ did not take significantly more steps∙day⁻¹ nor 

spend more time in moderate intensity activity than individuals classified as at health risk or 

with poor health profiles.  

Conclusion: ‘Healthy’ adolescent girls do not walk significantly more in term of steps∙day⁻¹ 

or time spent in activity than girls classified as ‘unhealthy’. This could suggest that 

adolescent girls may not walk enough to stratify health and health related outcomes and as a 

result the data could not be used to inform an appropriate step guideline for this population.    

    

Background  

Existing physical activity guidelines state adolescents should engage in at least 60 minutes 

and up to several hours of moderate to vigorous physical activity (MVPA) everyday. 1 At 

present 84% of adolescent girls are insufficiently active, which has serious implications for 

their current and future health 1, 2 and strategies are required in order to address this.  Walking 

is recognised as an effective way of implementing regular, health enhancing physical activity 
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into the daily routine of the general population. 3, 4, 5   In an adolescent population walking is a 

convenient alternative to active play and sports participation, and walking has been 

demonstrated to be of sufficient intensity to contribute to accumulated MVPA. 6  

Consequently, guidelines as to the number of steps∙day⁻¹ that should be advocated to 

maintain good health have been published. For example, in adults 10,000 steps∙day⁻¹ is 

considered sufficient to maintain health.6-9 However in the youth population there is 

conflicting evidence with regard to the number of daily steps (steps∙day⁻¹) required. 

Normative data suggest that among children (typically 5-11yrs) we can expect 10-13,000 

steps∙day⁻¹ for girls’ and 12-16,000 steps∙day⁻¹ for boys, 10 and during adolescence (12-

19yrs) these step values steadily decline to 8-9,000 steps∙ day⁻¹, especially among adolescent 

girls.6, 11 However these expected values do not represent optimal daily step targets 7, 12 or 

inform how much walking should be advocated for good health.   

  

Whilst the PA recommendations for adolescents (up to 18 years of age) are the same for 

children (from the age of 5) the examination of step count data has the potential to provide 

specific guidelines that are gender and population specific.  Five youth studies have proposed 

daily step recommendations that relate to specific health criterion/indicators. 10,000–13,000 

steps∙day⁻¹ for girls and 13,000–16,000 steps∙day⁻¹ for boys have been associated with 

healthy body composition defined by body mass index (BMI) 13,14 and percentage body fat 

(%BF).12  However, these proposed health referenced recommendations have been 

established in children age 5-12years and are therefore not necessarily appropriate for 

adolescents.12, 14, 15  
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Dollman et al., 16 and McCormack et al., 17 have included adolescents in their 

recommendations.  McCormack et al., 17 proposed a single health referenced recommendation 

(defined by BMI and developed using contrasting group method) of 16,000 steps∙day⁻¹ for 

both boys and girls aged 7-16yrs.  Although this recommendation may be useful for health 

promotion purposes, it is not an adolescent specific recommendation.  Alternatively Dollman 

et al.,16 examined health referenced recommendations in four age and gender groups (5-12yr 

old girls and boys and 13-16yr old girls and boys) allowing for adolescent specific 

recommendations to be proposed.  11,000 steps∙day⁻¹ was associated with healthy body 

composition defined by BMI in 13-16yr old boys.  However among adolescent girls daily 

step values did not discriminate between individuals classified as healthy or at health risk as 

defined by BMI (e.g. healthy weight vs overweight/obese).  It therefore remains unclear as to 

the number of daily steps required for health in adolescent girls.  

  

A major limitation of these studies is a reliance on BMI, (other than one study that has 

considered %BF) 12 to demarcate between healthy and unhealthy status.  The limitations of 

BMI as a health indicator are well documented18, and therefore it may be prudent to consider 

other health indicators to demarcate between healthy and unhealthy young people in 

identifying step guidelines.   

  

Further, there are currently no step based data relating to time in activity (i.e., active stepping 

at an intensity equivalent to moderate) that relate to specific health criterion/indicators and 

thus health status.  Given that health benefits are gained from moderate to vigorous activity1, 

and that new generation pedometers can now record stepping activity at or above prespecified 

levels of intensity, the consideration of time spent in active stepping may also be important.  
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The aim of this study was therefore to i) contribute to the evidence for  health referenced 

standards for step defined  (walking) physical activity (daily steps and activity time) relating 

to appropriate health criterion/indicators (BMI, waist circumference (WC), %body fat (BF) 

and blood pressure (BP)) in a group of adolescent girls, ii) explore whether daily step counts 

and/or activity time is more important for health, and iii) evaluate previously published step 

recommendations, concurrently identifying the prevalence of adolescent girls achieving them.  

  

 Methods and Procedures   

Participants  

Following Institutional ethics and local city council approval, informed parental and 

participant consent, adolescent girls (n=230; mean age 13.45±1.04yrs) volunteered to take 

part in the study (see figure 1 for participant data and study flow).  Data were collected in the 

following order: a) health indicators; b) activity data, collected by pedometer over seven 

consecutive days, both week and weekend days.   

Health indicators  

Stretch stature and body mass were measured using a Seca portable stadiometer and Seca flat 

scales (Seca 761, Seca Birmingham, UK).  Waist circumference was measured at minimal 

waist site to the nearest millimeter, using a steel tape with participants in the standing 

position and at the end of expiration.  All measurements were made according to the 

procedures recommended by the International Society for Advancement of  

Kinanthropometry19.  Body mass index (BMI) was calculated by dividing body mass in 

kilograms (kg) by stature in meters² (kg/m²).   

Total body fatness was measured using the Tanita BC-418MA segmental body composition 

analyser (Tanita Corporation, Tokyo, Japan).  Measurements were taken according to 
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manufacturer’s instructions; at least three hours after waking and after eating.  Prediction 

equations converting resistance into body fat used by McCarthy20 were provided by the 

manufacturer (Tanita Corporation, Tokyo, Japan).  The standard error of estimate for girls 

was 2.8% body fat20.    

Blood pressure was taken after a period of 5minutes rest and measured using an electronic  

(oscillometric) monitor, Omron-705IT (HEM-759-E, Omron Healthcare, Inc, Bannockburn, 

IL).  Participants were seated and the appropriate sized cuff for the arm circumference was 

placed on the right arm.  Participants were instructed to rest their arm on the table and relax.   

  

Physiological changes, may impact on health measures such as body composition during 

natural growth and development, therefore maturation status was measured and reported  as 

maturity offset (time before or after peak height velocity) and was predicted using the 

equation of Mirwald 21     

Maturity offset = -9.376 + 0.0001882 x (leg length x sitting height) + 0.0022 x (age x leg 

length) + 0.005841 x (age x sitting height) – 0.002658 x (age x weight) + 0.07693 x 

(weight/height x100)  

  

Activity data (step count measures)  

The New Lifestyles NL-1000 (New Lifestyles Inc, Lee’s Summit, Missouri, USA)  a uniaxial 

piezoelectric pedometer was used to assess daily step counts and accumulated daily activity 

time (e.g. time spent at or above a pre-specified intensity threshold (steps·min-¹)) over seven 

consecutive days, both week and weekend days.  The activity time threshold on each 

pedometer was set at the manufacturer’s activity level 4, equivalent to 3.6 METs.    
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All pedometers were attached to an elastic belt on the participants’ waistband according to 

manufacturer’s specifications; above the midline of the right knee.  Participants were 

instructed to wear their pedometers at all times except when sleeping and during water based 

activities e.g. showering, swimming.  All pedometers were sealed with tamper evident 

security tape (Tamper Technologies LTD).    

In addition each participant was issued with a diary sheet and instructed to note down the 

time when they either forgot to attach or removed their pedometer for >1h, along with a brief 

reason.   

  

Data treatment   

Health indicators  

Gender and age appropriate cut points were used to classify participants as healthy (>2nd < 

90th percentile) or unhealthy (at health risk) (<2nd ≥90th percentile) according to each health 

indicator examined: BMI22, waist circumference23, and percentage body fat20.  Blood 

pressure24 cut points for children and adolescents, were used to classify participants as 

normotensive (non hypertensive/healthy) (<90th percentile) or pre-hypertensive (≥90th <95th 

percentile), hypertensive stage 1(≥95th <99th percentile) and 2 (≥99th percentile) (unhealthy) 

by gender, age and height for both systolic and diastolic blood pressure.    

  

In addition to each of the single health indicators, cluster risk scores were calculated by 

summing the Z-scores for each health indicator (as data were normally distributed).  Two 

separate cluster scores were calculated to create two health profiles.  The health profiles 

consisted of the following; profile 1 cluster score of BMI, WC and BP and profile 2, cluster 

score of %BF, WC and BP.  Individuals with a cluster score (health profile score) of ±1SD of 

the mean were considered at health risk.    
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Activity data  

Pedometer step counts and activity time were taken as the average number of steps∙day⁻¹ and 

mins∙day⁻¹ respectively, when at least 4 days data (3 weekdays and 1 weekend) were 

available.25, 26  Step counts and activity time were weighted according to the ratio of 

weekdays to weekends (to account for any bias between weekdays and weekend days).27  

Steps were smoothed to 1000 step increments to allow for  comparisons to be made to prior 

youth studies,13,17 1000 steps  may considered to be approximately 10mins of brisk walking,4 

and the minimum requirement to obtain health benefits.28, 29    

Daily step counts < 1000 or >30,000 were regarded as outliers30 and were subsequently 

excluded from further analysis.  Daily step counts and corresponding activity time were also 

excluded where there was evidence that the pedometer had been tampered with or where 

participants indicated either non-attachment or removal of their pedometer for >1h on a given 

day (determined by self-report diary sheet).    

  

Data analysis   

Participants were classified as healthy and unhealthy for each single health indicator and 

profile as there were no meaningful differences when each category was further divided.   

  

Prior to further analyses the data were tested for the assumption of parametric tests.  While 

not all variables met these assumptions, subsequent log transformation of the data31 indicated 

no significant difference in the findings when using the log transformed or original data. 

Therefore, to ease interpretation, parametric tests were used for subsequent data analysis on 

the original data.31 The differences in mean daily step counts (steps∙day⁻¹) and daily activity 
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time (mins∙day⁻¹) between participants classified as healthy and unhealthy were examined 

separately for each of the single health indicators (BMI, WC, %BF and BP) and health 

profiles (HP) and compared using independent sample t-tests and effect sizes are reported.    

  

Pearson correlations were used to explore bivariate associations between health status defined 

by each health indicator and health profile (cluster risk score), maturation status, daily step 

counts (steps∙day⁻¹) and daily activity time (mins∙day⁻¹).  

  

To establish health referenced standards for pedometer determined physical activity (step and 

activity cut points) relating to each health indicator and health profile, two separate analysis 

techniques were considered; the criterion referenced approach using the contrasting group 

method32 and Receiver-operating characteristics (ROC) curves analysis. These methods have 

been used previously in similar youth studies and have been described in detail elsewhere. 8, 

14, 33 To evaluate previously published step recommendations the sensitivity (Se) and 

specificity (Sp) values were calculated for all currently published step count  

recommendations13, , 14,17, 25, 27  to evaluate their ability to correctly discriminate between  

healthy and unhealthy girls according to BMI and %BF indicators and health profiles 1 and 2.  

The percentage of girls (separated by age group e.g. 12, 13, 14 and 15yr olds) achieving 

previously published recommended steps∙day⁻¹ were also calculated.   

  

PASW Statistics version 18.0.0 (IBM Corp., Somers, NY, USA) was used for statistical 

analysis. Statistical significance was set at p < 0.05.   
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Results   

Descriptive results   

Figure 1 illustrates participant numbers recruited to the study, exclusion criteria and dropout 

rates.  Complete pedometer data were available for 168 girls (73%).  There were no 

significant differences in age and stature between the girls included in pedometer analysis 

and those excluded (figure 1).  However the girls that were excluded from further analysis 

weighed significantly more than the girls included in the analysis.  Not all 168 girls 

completed all health indicator assessments. Table 1 presents descriptive data for their 

physical characteristics.    

Activity Analysis    

Table 2 presents the mean daily step counts (steps∙day⁻¹) and activity time (mins∙day⁻¹) for 

each single health indicator (BMI, WC, %BF and BP) and health profile.  The mean daily 

step count (steps∙day⁻¹) and activity time (mins∙day⁻¹) for the girls was 10287±2931steps and 

39.49±18.26mins respectively.  Although participants classified as ‘healthy’, took more 

steps∙day⁻¹ and activity mins∙day⁻¹ than those classified as ‘unhealthy’, with the exception of 

the ‘unhealthy’ girls classified by the BP indicator (table 2), these results were not 

significant, small effect sizes (d= 0.1-0.4)34 were also observed (table 2).  Therefore the 

fundamental requirements for application of the contrasting group method to establish 

criterion (health) referenced standards were not satisfied33 e.g. the assumption of the 

existence of dichotomised groups cannot be met.  Similarly, results of the ROC analysis show 

the Area under the Curve was not significantly different from 0.5.  Consequently cut points 

could not be determined for daily steps and activity time.  
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Pearson correlations showed no significant relationship between health status and daily step 

counts (steps∙day⁻¹), daily activity time (mins∙day⁻¹) and maturation status for health defined 

by BMI, WC, %BF, BP, HP1 and HP2 respectively (see table 5).  Further no significant 

relationship was seen between maturation status and daily step counts (steps∙day⁻¹) (r = -0.01 

p = 0.925), and daily activity time (mins∙day⁻¹) (r = 0.01 p = 0.865).  

  

Comparison of current step recommendations   

A comparison of previously published step count recommendations for BMI, %BF and HP1  

(Cluster score of Body Mass Index, Waist Circumference and Blood Pressure) and HP2  

(Cluster score of % body fat, Waist Circumference and Blood Pressure) are presented in table 

3.  The step cut point of 10,00014 consistently produced the highest Se and Sp values, which 

were maximised best in HP1 when compared to the single health indicators of BMI, %BF 

and HP2.  The step cut point of 13,000 27 resulted in low Se and Sp values for both single and 

profile health indicators.  The percentage of girls (separated into age groups of 12 (n=69), 13,  

(n=38), 14 (n=47) and 15 (n=14) years) achieving the recommended steps∙day⁻¹ for each step 

cut point13, 14, 17, 25, 27 are presented in Table 4.  For all age groups at least 50% achieved the 

recommendation of 10,000 steps∙day⁻¹ (BMI-referenced cut point).14 Only a small percentage  

(4%) of the girls achieved the step recommendation of 16,000 steps∙day⁻¹.17    

  

Discussion  

In an attempt to inform how much walking should be advocated for good health in adolescent 

girls the current study has examined daily step counts and activity time values relating to 

different health indicators (BMI, WC, %BF and BP) and 2 separate health profiles.  Although 

daily step recommendations have previously been defined by BMI, in children and 
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adolescents13,14, 16, 17  and %BF in children,12 there are not currently any step 

recommendations that specifically relate to adolescent girls. As well, these previous studies 

have relied on BMI and %BF as indicators of health. This is the first study to attempt to 

identify step recommendations according to WC (included as a measure of abdominal 

adiposity) 36 and BP (included as a measure of cardiovascular health) 35 as single health 

indicators, and according to health profiles (cluster risk scores) of BMI, WC, %BF and BP in 

an adolescent population.    

Adolescent appropriate health reference standards   

Results of the current study indicated that individuals classified as ‘healthy’ defined by each 

of the single health indicators and health profiles did not take significantly more steps∙day⁻¹ 

or spend more time in moderate intensity activity than individuals classified as at health risk, 

or with poor health profiles.  This is not consistent with the findings of prior youth studies,12,  

13, 14, 16, 17  who reported that individuals with a healthy body composition defined by BMI 13, 

14, 16, 17  and %BF 12 took more steps∙day⁻¹ than their unhealthy counterparts.  In the current 

study, the smallest difference between ‘healthy’ and ‘unhealthy’ girls was 442 steps∙day⁻¹ 

and 4 minutes activity time when health was defined by HP1.  Although probably only 

equivalent to 400-500m walking distance, in terms of energy expenditure this still relates to 

extra calories burned and more importantly a reduction in sedentary time.  It is also likely that 

these small differences may be accumulated through incidental activity, which has been 

deemed to be equally important to achieving moderate to vigorous intensity activity targets.37  

However, this study suggests it is unlikely that these small differences in walking behaviour 

might impact on health.  The difference in steps and activity time between health groups was 

not sufficiently different for the application of the contrasting group method33 or the ROC 

analysis.  These results suggest that daily step counts and activity time values do not 
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discriminate between girls classified as ‘healthy’ or ‘unhealthy’.  The findings are consistent 

with those of Dollman et al., 16 the only other study to consider adolescent girls as a separate 

subsample of the youth population with respect to evaluating ‘healthy’ walking behaviour.   

  

Dollman et al., 16 suggested that the poor association between steps∙day⁻¹ and health status in 

adolescent girls may be attributed to changes in body composition that occur during 

maturation that cannot be accounted for by BMI.   However, in the current study we 

measured body composition directly and reported similar findings.   

  

It is difficult to explain why it is that walking behavior does not predict health status in this 

population, when this is not the case for children, and indeed adolescent boys.16  It is feasible 

that in fact daily step counts and activity levels of the girls were essentially too low for even 

the more active to achieve health benefits. In comparison to the mean daily step count values 

for the adolescent boys in the study by Dollman et al., 16 the girls in the current study took 

approximately 800 fewer steps∙day⁻¹ (10,287 compared to 11,150 steps∙day⁻¹), which may be 

the equivalent to approximately 6-7minutes of MVPA per day (assuming a MVPA step rate 

of 120 steps∙min⁻¹). Similarly in comparison to the younger girls (5-12yr olds), the girls in 

the current study took approximately 1300 fewer steps∙day⁻¹ (10,287 compared to 11,666 

steps∙day⁻¹), equivalent to approximately 10minutes MVPA per day.  However it should be 

noted that the mean daily step values and step cut points reported by Dollman et al., 16 are 

lower than those proposed by other youth studies with the exception of Laurson et al., 14 thus 

the difference in the number of steps∙day⁻¹ between younger and older girls may in fact be 

greater.   
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It is also possible that the health indicators adopted here did not appropriately represent 

health risk.  Other than BMI (discussed above),  percentage body fat (%BF) is the only other 

health indicator (criterion) that has been previously employed to reference daily step 

recommendations in youth.12  Duncan et al., 27 suggested that %BF may be a more 

appropriate health indicator to reference step recommendations against as it is more strongly 

associated with steps∙day⁻¹ than BMI.  However Andersen et al., 38 stated that health 

outcomes are often unclear in the youth population, as the association between physical 

activity and single health risk indicators are often weak.  They also suggested that a more 

appropriate measure of health status would be to calculate the level of health risk, by 

clustering disease risk factors, specifically cardiovascular risk factors.38  Therefore in the 

current study two separate health profiles (cluster risk scores) were calculated in addition to 

the single health indicators. The health profiles consisted of either BMI or %BF as weight 

components, WC and BP as cardiovascular risk factors. Although no fitness related 

components or blood risk factors such as total cholesterol and HDL ratio were considered, 

Andersen et al., 39 stated that lower intensity activities, such as walking have a greater effect 

on energy expenditure and insulin levels, than fitness per se.  Therefore the health indicators 

used in this study, although mainly weight related should have been appropriate health 

indicators for activities such as walking.    

Steps and Activity time  

A further factor considered in the current study was whether the number of steps taken  

(volume of walking) or time in activity (intensity of walking/active stepping) was a better 

predictor of health status. It was hypothesised that the inclusion of activity time would be 

more likely to influence health status, as there is evidence to suggest that time spent in more 

vigorous physical activity better predicts adiposity than the total volume of activity, 40 and 
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that additional health benefits are gained from moderate to vigorous activity.1  However the 

current study demonstrated that as with the daily step counts, there was no difference in 

activity time between those classified as healthy and unhealthy among adolescent girls.  

Despite this, the current study is the first to consider active stepping (activity time) in 

addition to volume of walking (daily step counts) and such outcome measures may be worth 

considering in other populations   

  

Further it is acknowledged that activity time was determined by pedometer (NL-1000) in the 

current study and therefore time in different intensities is unquantifiable (only activity at or 

above the 3.6 METs (NL-1000- level 4) was accumulated).  While walking activity is 

unlikely to be undertaken at a pace that will promote higher intensities (METs), it remains 

unclear whether individuals classified as healthy continually walked at a higher intensity for 

similar periods of time as unhealthy individuals. This is considered a limitation to the current 

study.  

Comparison of current step recommendations   

The inability to be able to suggest a step count threshold that is relevant for adolescent girls 

returns the question as to whether current thresholds recommended for young people are at 

all appropriate for this population.  The ability for currently published guidelines to be able to 

correctly discriminate between girls that were ‘healthy’ and ‘unhealthy’ was therefore 

examined. The lowest step cut point of 10,000 steps ∙day⁻¹ 14 consistently produced the 

greatest Se and Sp values for BMI, %BF, HP1 and HP2 compared to the other  

recommendations 14,17,  25, 27 and thus could be considered the most appropriate 

recommendation to use in adolescent girls.  However, even using this ‘best case’ threshold, 
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34% of girls classified as ‘healthy’ according to BMI did not meet the recommendation and 

46% of ‘unhealthy’ girls did meet the recommendation.  

  

In a recent review of all previously published step recommendations, and whilst 

acknowledging the weaknesses of published thresholds, Tudor-Locke et al., 6 suggested that 

10-11,700 steps ∙day⁻¹ may be an appropriate recommendation for daily steps for adolescent 

boys and girls. Interestingly, this was proposed as it was intermediate to the recommended 

steps ∙day⁻¹ for children and adults, and was therefore inherently logical.  Whilst this study 

has demonstrated that such a threshold may be misleading, 10,000 steps ∙day⁻¹ appears to be 

the best informed guideline to use to date.  

  

 Strengths and Limitations   

This is the first study to consider time spent in activity (mins∙day⁻¹) in addition to steps∙day⁻¹ 

to explore how much walking is required for health.  It is also the first to report step based 

data relating to WC and blood pressure as single health indicators and to use health profiles 

in order to categorise health status, and thus avoid the limitations of any one indicator alone   

Limitations of this study are the relatively small number of participants classified in each 

health category, compared to previous youth studies.  Further participants excluded from 

final analysis (reasons outlined in figure 1) were significantly heavier and had significantly 

greater BMI than those included in the final analysis, suggesting that the study has selected a 

healthier sample. Although the study employed more sophisticated measures of health than 

prior youth studies and the pedometers used, had  the ability  to provide a practical and 

affordable way to communicate walking activity in terms of steps·day-¹ and activity time e.g. 

time spent at or above pre-specified intensity thresholds (steps·min-¹). 6, 11 It is acknowledged 
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that pedometer determined PA is limited and as such may not provide enough information to 

discriminate health status.15   Further, and as indicated in previous youth studies, 14, 16 it is not 

possible to determine if health status is an outcome or cause of pedometer determined steps 

and activity time due to the cross sectional design of the current study.   

  

  

Conclusion   

In conclusion results of the current study indicate that in terms of walking activity, ‘healthy’ 

adolescent girls do not walk significantly more in term of steps∙day⁻¹ or time spent in  activity  

than girls classified as  ‘unhealthy’.  A possible explanation for this is that adolescent girls 

may not walk enough to stratify health and health related outcomes and as a result, the data 

could not be used to inform an appropriate step guideline for this population. Considering 

previously defined thresholds and acknowledging their limitations, it appears that the best 

guideline to adopt might be 10,000 step∙day⁻¹.  However, further research is required to 

inform intervention as to both the quantity and quality of walking required to advocated good 

health in adolescent girls.   
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Figure 1. Participant numbers recruited, exclusion criteria and dropout rates                                                                                                             

* significantly heavier than the girls included in analysis (p < 0.01)  

 Adolescent girls 230 

recruited to the study 

Mean age (yrs) 13.4 ± 1.0 

 excluded from  62 
further data  

analysis 

Mean ± SD 

Age (yrs) 

13.2 ± 0.9 

Height (m) 

156.5 ± 7.7 

Weight (kg) 

66.7 ± 17.3 * 

Exclusion  
Criteria 

Lost  pedometer N=24 (10.4%) 

Removed  
Pedometer >1h 

N=11 (4.8%) 

Evidence of  
pedometer  

being tampered  
with 

N=2 (0.9%) 

Absent from  
school 

Pedometer  
collection days 

N=7 (3.0%) 

Anthropometric  
measurement  

days 
N=4 (1.7%) 

 4 days steps  < 
data (3 week +  

 weekend 1 ) 
N=10 (4.3%) 

Chose to  
withdraw from  

the study 
N=4 (1.7%) 

168  Pedometer  

data sets 

Mean ± SD 

Age (yrs) 

13.5 ± 1.0 

Height (cm) 

158.2 ± 7.3 

Weight (kg) 

52.2 ± 9.9 
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Table.1.  Physical characteristics   

Variable  N  Mean±SD  Range   

Age (yrs)  168  13.5±1.0  12.6-15.8  

Height (cm)  168  158.26±7.30  137.50-178.20  

Weight (kg)  168  52.18±9.90  34.00-75.00  

Maturity offset (yrs)  168  0.6±0.9  -1.5-2.3  

Body Mass Index (BMI)  168  20.46±3.99  13.60-37.20  

Waist Circumference (cm)   168  67.16±8.35  50.20-105.00  

Body Fat (%)  116  27.31±6.31  12.40-50.50  

Systolic Blood Pressure   139  117±14  87-166  

Diastolic Blood Pressure  139  71±10  42-96  
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Table 2.  Mean daily step counts (steps∙day⁻¹) and activity time (mins∙day⁻¹) for each health indicator, health profile and health category.    

 
  BMI  Waist Circumference  Percentage Body Fat  Blood Pressure  Health Profile 1  Health Profile 2  

(Systolic)  

Health Status  Healthy  Unhealthy   Healthy  Unhealthy   Healthy  Unhealthy   Healthy  Unhealthy   Healthy  Unhealthy  Healthy  Unhealthy  

N  105  63  92  76  81  35  85  54  101  35  82  34  

  

Mean  

19.3±1.6  

  

22.3±5.7  

  

62.1±3.2  

  

73.3±8.51  

  

24.1±3.1  

  

34.3±5.9  

  

108.9±7.6  

  

132.1±14.8  

  

-  

  

-  

  

-  

  

-  

  

  

Percentage  
62.50  37.50  54.82  45.18  69.82  31.03  61.15  38.84  74.26  25.74  70.69  29.31  

  

Steps∙day⁻¹  

10666  
±2947  

  
9841   
±2984  

10593  
±3211  

10026   
±2671  

10641  
±3071  

9742   
±3165  

10176  
±2956  

10648   
±3291  

10532  
±2736  

9863   
±3567  

10500  
±2855  

10058   
±3692  

Effect size   d=0.27  

  

 d= 0.19  

  

 d=0.28  

    

d=0.15  

    

d=0.21  

    

d=0.21  

    

  

Mins∙day⁻¹  
42.76   
±17.55  

37.84  
±15.40  

43.20  
±18.13  

38.04   
±15.01  

43.90  
±18.11  

38.97  
±17.58  

39.61  
±15.93  

42.71   
±19.4  

42.14  
±16.51  

37.64   
±17.28  

43.59  
±17.39  

39.54   
±19.36  

Effect size  d=0.29   d=0.31   d=0.27   d=0.17   d=0.26   d=0.22    

Unhealthy= individuals classified as at ‘health risk’ e.g. underweight, overweight, obese, pre-hypertensive and hypertensive   



 

 

Health profile 1 = Cluster score of Body Mass Index, Waist Circumference and Blood Pressure  

Health profile 2 = Cluster score of % body fat, Waist Circumference and Blood Pressure  
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Table 3  Evaluation of previously published step count recommendations for two health 

indicators (BMI and %BF) and health profiles    

Health reference  Step Cut point (steps∙day⁻¹)  

  

Sensitivity (Se)  Specificity (Sp)  

BMI  10,000ᵃ  0.64  0.46  

  11,000ᵇ  0.35  0.24  

  12,000  ͨ 0.28  0.18  

  13,000ᵈ  0.17  0.14  

  
16,000ᵉ  

  

0.38  0.63  

%BF  10,000ᵃ  0.58  0.49  

  11,000ᵇ  0.46  0.34  

  12,000  ͨ 0.35  0.26  

  13,000ᵈ  0.26  0.17  

  
16,000ᵉ  

  

0.49  0.57  

HP1  10,000ᵃ  0.60  0.50  

  11,000ᵇ  0.47  0.36  

  12,000  ͨ 0.32  0.27  

  13,000ᵈ  0.26  0.18  

  
16,000ᵉ  

  

0.40  0.68  

HP2  10,000ᵃ  0.58  0.47  

  11,000ᵇ  0.46  0.35  

  12,000  ͨ 0.33  0.29  

  13,000ᵈ  0.22  0.27  

  
16,000ᵉ  

0.49  0.59  

BMI= Body Mass Index, %BF= Percentage Body fat, HP1= Health profile 1, HP= Health 

Profile 2  

Step cut points a= Laurson et al., 11 (5-12yr olds), b=Vincent and Pangrazi., 21 (5-11yr olds), 

c= Tudor-Locke et al.,10 (6-12yr olds), d=Duncan et al.,9 (5-12yr olds), e=McCormack et 

al.,14 (7-16yr olds)  
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Table 4.  Percentage (%) of the girls meeting selected step defined cut points  Step cut 

point  All girls  12 (n=69)  13 (n=38)  14 (n=47)  15 (n=14) (steps∙day⁻¹) 

 (n=168)   

10,000ᵃ  

 
  

11,000ᵇ  44  49  42  38  42  

  

12,000  ͨ 30  31  26  31  35  

  

13,000ᵈ  23  18  26  26  28  

  

16,000ᵉ  4  0  5  8  14  

  

 
Step cut points a= Laurson et al., 11 (5-12yr olds), b=Vincent and Pangrazi., 21 (5-11yr olds), 

c= Tudor-Locke et al., 10 (6-12yr olds), d=Duncan et al., 9 (5-12yr olds) e=McCormack et 

al.,14 (7-16yr olds).  

Step cut points - a, c and e= BMI referenced, b= Norm referenced, d= % Body fat referenced.  

  

57   63   52   55   50   
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