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ABSTRACT 

 
DANIEL P. HEIL, BRIAN K. HIGGINSON, CHRIS P. KELLER, CHERYL A. JUERGENS. Body Size As A 
Determinant Of Activity Monitor Output During Overground Walking. JEPonline. 2003;6(1):1-11. The 
primary purpose of this study was to derive new MET prediction equations using output from the MTI activity 
monitor and body height as predictors in healthy adults.  A secondary purpose was to test the field validity of the 
new equations against activity records recorded concomitantly with MTI output over three days during free-
living activities.  Fifty-eight adults (28 women, 29 men) walked at three self-selected speeds on an indoor track 
while concomitant measures of VO2 and MTI output (counts/min) were collected.  Mean VO2 and MTI output 
values from each subject were used to create two regression equations.  The simplest equation (METs 
=0.000619 x MTI +1.551) was highly significant (R=0.82, SEE=±0.611 METs), while a second equation that 
included body height (HT) had similar accuracy (METs =0.00171 x MTI +1.957 x HT -0.000631 x MTI x HT -
1.883; R=0.84, SEE=±0.590 METs).  When applied to the free-living MTI data, the new MET prediction 
equations were not more accurate in estimating accumulated number of bouts or average time in physical activity 
over other published equations.  Thus, despite the theoretical rationale for the inclusion of body height as a 
predictor variable, the new prediction equations provided no meaningful influence on the prediction accuracy or 
field validity when compared to previously published prediction equations. 
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INTRODUCTION 
 
Adequate levels of moderate to vigorous physical activity is essential to decrease the risk for both morbidity and 
all-cause mortality (1).  Lifelong physical activity is also a determining factor for the maintenance of functional 
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independence of older adults and enhanced quality of life for people of all ages.  In order to initiate and/or 
maintain accurate physical activity surveillance programs, as well as address the dose-response paradigm of 
physical activity in field-based settings, measures of physical activity must accurately quantify both the quality 
(i.e., physiological intensity) and quantity (i.e., frequency and duration) of physical activity.  This is consistent 
with the CDC/ACSM recommendations that all adults should perform at least 30 minutes or more (quantity) of 
moderate intensity (quality) physical activity on most days (2).   
 
In many population-based studies, physical activity is estimated using paper/pencil evaluations such as activity 
diaries, self-administered questionnaires, and interviewer-administered questionnaires.  Electronic physical 
activity monitors, however, have recently become popular with researchers as a means of objectively and 
economically validating new or established paper/pencil methods, as well as quantifying physical activity 
parameters in population samples for which paper/pencil methods may be difficult to validate.  One such 
electronic physical activity monitor, the MTI (Manufacturing Technology, Inc., Fort Walton Beach, FL), has 
been validated as an effective tool for predicting the rate of energy expenditure during treadmill walking and 
jogging (3), as well as during over-ground or free-living activities (4,5).  
 
It has recently been suggested, however, that energy expenditure prediction equations currently available for the 
MTI may not be valid across a broad range of adult body sizes (6).  Recent work with over-ground walking in 
adults (7) and extensive reports in the animal physiology literature (8,9) have also shown that step rate at any 
given locomotion speed is directly related to a linear dimension such as body height.  Given that any 
accelerometer placed on the hip (the most common placement location for activity monitors) should be very 
sensitive to step rate, it is reasonable to suggest that output from the MTI activity monitor is at least partly 
dependent upon step rate at a given speed and indirectly related to body height.  In practice, however, MTI 
prediction equations in the literature have been designed with MTI output (counts/min) as the sole independent 
variable for predicting METs (3,4,5), or MTI output in combination with body mass when predicting energy 
expenditure in Kcals/min (3). 
 
It seemed plausible, therefore, to suggest that a more accurate MTI prediction equation may be generated by 
incorporating body height with MTI output as independent predictor variables.  The primary purpose of this 
study was to determine if body height data collected on a heterogeneous group of adults (men and women) 
results in a more accurate MTI prediction equation.  Secondly, the field validity of the new MTI prediction 
equations was tested by comparing physical activity records with MTI output collected concomitantly during 
free-living conditions. 
 
METHODS 
Participants 
Volunteer subjects gave written informed consent in accordance with Montana State University’s (MSU) Human 
Subjects Review Committee.  All subjects were screened for signs and symptoms of cardiopulmonary disease, as 
well as contraindications to brisk walking/jogging exercise via a PAR-Q form (10). 
Protocol 
Data for this study were collected in two separate phases.  During the first phase, anthropometric and metabolic 
data were collected during over-ground walking for the purpose of generating new prediction equations based 
upon MTI activity monitor output.  During the second phase, a different group of subjects wore an MTI activity 
monitor and recorded physical activity for three consecutive days.  The data collected during the latter phase 
were used to test the field validity of the newly derived prediction equations from the first phase, as well as the 
field validity of other prediction equations already reported in the literature. 
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Data for the Regression Equations 
Both demographic (age, gender) and anthropometric measures (body mass and height) were measured and 
recorded prior to testing.  Subjects warmed up by walking for 10-15 min around an indoor oval track (201 m 
circumference).  During the warm-up, subjects determined their self-selected “slow” and “fast” walking speeds.  
For the slow speed, subjects were told to choose a speed that could easily be maintained for 30 min without 
undue fatigue.  The fast speed corresponded to a pace that was definitely brisk but maintainable for 10 min 
without undue fatigue or the need to change locomotive gaits (i.e., a change from walking to jogging or race 
walking).  At each self-selected speed, while still warming up, stride rate was measured by repeated timing of 10 
consecutive strides (three measures during last three minutes of each walking condition).  Each subject’s 
“intermediate” walking speed was determined as the speed that corresponded to a stride rate exactly between the 
self-selected “slow” and “fast” speeds.  These stride rates were the basis for controlling subjects’ over-ground 
walking speeds during data collection. 
 
Following the warm-up, subjects were fitted with the metabolic and activity monitor instrumentation to be worn 
during data collection.  After walking freely for several minutes to ensure the equipment fit comfortably, the 
investigator provided detailed verbal instructions before initiating data collection.  Testing of the three over-
ground speeds occurred successively with each condition lasting six min separated by a break of two min.  
Subjects were paced during each condition by an audible metronome (Seiko Clip Metronome, Model DM-33) 
clipped to their shirt collar that corresponded to the stride rates determined during the warm-up.  The subjects 
were instructed to choose a stride length that corresponded to the audible metronome rate.  A similar protocol 
during pilot testing indicated that most subjects do not have problems with these instructions.  Walking speed 
was calculated from the average time (i.e., from three repeated measurements within in each condition) of travel 
between two fixed points on the track using a handheld stopwatch.  The order of walking speeds tested was 
counterbalanced across subjects to minimize the influence of a testing order bias. 
Data for Field Validation 
A separate group of subjects was asked to wear an MTI activity monitor on the right hip during all waking hours 
for three successive days while concomitantly recording physical activity using a physical activity record (PAR).  
Using the procedures described by Ainsworth et al. (11), the log required subjects to record activities over the 
course of each day using a 1-page form that provided space for documenting the type of activity, the duration of 
each activity, and the approximate time of day that the activity occurred.  Subjects were instructed only to record 
activities that were at least of “moderate” intensity (i.e., ≥3 METs) and with a minimum duration of five min.  A 
separate 1-page log was used to record occasions where the MTI monitor was not worn, but moderate intensity 
physical activity of at least five min was performed (e.g., lap swimming).  All subjects recruited for this part of 
the study were familiar with the use of activity logs and understood the distinction between “light”, “moderate”, 
and “hard/vigorous” intensity categories of physical activity (2).  When the 3-day PAR was completed, both the 
log and the MTI monitor were returned to investigators for analyses. 
Data Processing for Field Validation 
The MTI monitors were programmed to collect data in one-min sample intervals at 2:00 a.m. on Day 1, which 
was the day after the monitor and 3-day PAR were assigned to the subject.  Recording of physical activity bouts 
began after waking on Day 1 and continued until going to sleep the evening of Day 3 (Note: The period of data 
collection was considered to have occurred from 2:00 a.m. on Day 1 until 2:00 a.m. of Day 4).  Both the MTI 
monitor and the 3-day PAR were returned to investigators sometime shortly thereafter.  The raw MTI data 
points were downloaded from the monitors and saved as an ASCII file.  Using a custom-written program in 
Visual Basic (Version 6.0), the ASCII files were batch processed with a standard algorithm to evaluate the first 
4,320 data points (i.e., the first 3 days) and output the results as another ASCII file that could be imported into a 
statistical software package for evaluation.  The data processing algorithm included multiple steps for each file 
evaluated.  First, the raw MTI data points (units of counts/min) were transformed into METs using prediction 
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equations reported by Freedson et al. (3) (Equation 1), Swartz et al. (5) (Equation 2), and Hendelman et al. (4) 
(Equation 3): 
 
 (1) METs = 0.000795 x (MTI output, counts/min) + 1.439 
(2) METs = 0.000686 x (MTI output, counts/min) + 2.606 
(3) METs = 0.000638 x (MTI output, count/min) + 1.602 
 
The raw MTI data were also transformed in the same manner using the final prediction equations derived by the 
present study.  Second, the MET predictions from each equation were searched start to finish (i.e., data point 
one to 4,320) for bouts of moderate intensity physical activity (≥3 METs) that lasted at least 5 or 10 consecutive 
min in duration.  The result of each search was the average time spent in activities with bout durations of at least 
5 and 10 min (T5 and T10, respectively; units of min/day).  Also recorded was the average number of bouts with 
durations of at least 5 and 10 min (B5 and B10, respectively; units of bouts/day).  Thus, the result of each search 
was a cluster of variables (T5, T10, B5, B10) for each MET prediction equation evaluated.  Lastly, result from 
all data transformations and searches were summarized into an ASCII format file and exported for statistical 
analysis. 
 
For evaluating the 3-day PAR data, each log entry was cataloged by investigators with a 5-digit code that 
corresponded to MET equivalents derived from the 2000 Compendium of Physical Activities (12).  The 5-digit 
code, when entered into another custom Visual Basic program, in combination with the recorded bout duration 
(min), allowed the computation of the same summary variables derived from the MTI monitor data (i.e., T5, 
T10, B5, B10). 
Instrumentation 
The criterion measure of energy expenditure during the over-ground walking trials was submaximal oxygen 
uptake (VO2) as determined through standard indirect calorimetry procedures using the KB1-C Ambulatory 
Metabolic Measurement System (Aerosport, Inc., Ann Arbor, MI).  The KB1-C is a portable system that uses 
similar gas analyzer and pneumotach technology validated in Aerosport’s TEEM 100 portable metabolic system 
(13).  The KB1-C system is light enough for each subject to actually wear on a vest while exercising (~2.0 kg 
with measurement system and battery).  The oxygen and carbon dioxide analyzers of the KB1-C were calibrated 
using certified gases of known concentration, while a calibrated 3 liter syringe (Model D, SensorMedics 
Corporation, Yorba Linda, CA) was used to calibrate the pneumotach for ventilation measurement. 
 
For both the walking trials and the field validation, the MTI activity monitor (Model 7164) was worn on the belt 
line of the subject’s clothing with the monitor located just behind the right hip (3).  To each MTI monitor, an 
adhesive belt clip (Universal Belt Clip, Model 43-167, Radioshack®, Fort Worth, TX) was attached so that the 
monitor could be worn like a beeper on a belt or waist-line of clothing.  The adhesive clip is a practical 
alternative to the use of the waist pack or the manufacturer’s belt pouch to decrease extraneous movement of the 
monitor.  For each subject, a MTI monitor was randomly selected from a pool of 10 monitors available for 
testing.  The MTI is small (1.5x4.0x5.0 cm) and light weight (42.5 g), has long-term data storage capacity (>30 
consecutive days with one-min record intervals), downloads stored data via a serial interface to a computer, and 
uses a single vertically oriented accelerometer (i.e., one-dimensional, or uniaxial) to detect and sum activity 
counts while recording (e.g. counts/unit time).  Detailed descriptions of the MTI’s mechanism for quantifying 
accelerations has been documented elsewhere (3). 
 
The total mass of all the equipment carried during all walking conditions was exactly 2.25 kg for every subject.  
For the walking trials, the KB1-C was calibrated and the activity monitors initialized at the site of testing just 
prior to data collection for each subject.  Using an external time piece, the KB1-C and MTI monitors were 
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synchronized to collect data simultaneously using one minute sample intervals in units of L/min and counts/min, 
respectively.  Recorded data from the KB1-C and the MTI monitors were downloaded to an onsite notebook 
computer. 
Statistical Analyses 
Individual VO2 measurements (in units of ml/kg//min) were converted to METs using each subject’s total mass 
(i.e., body mass plus 2.25 kg equipment mass) and dividing by 3.5 ml/kg/min.  Intra-class reliability (RXX) for 
internal consistency was computed for measures of VO2, MTI output (counts/min), stride rate (steps/min), and 
walking speed (m/s) over the last three minutes of each six-min bout of walking.  In addition, intra-class 
reliability for stability (i.e., test-retest on separate days) was assessed using a sub-sample of subjects (n=10) who 
returned for a second visit to repeat all aspects of data collection.  However, since the subjects self-selected their 
walking speeds, it was possible for them to walk at slightly different speeds when retested.  Thus, for each 
subject, test-retest reliability was determined by comparing the slope (for each trial) of the least-squares linear 
regression relationship between METs (dependent variable) and MTI output (independent variable).  Intra-class 
reliability for all variables was then determined using two-factor repeated measures analysis of variance 
(ANOVA) (14).  Mean values for each variable (VO2, METs, MTI output, stride rate), computed as the average 
from each subject’s data over the last three min for each condition, were then evaluated across walking speeds 
using a single-factor repeated measures ANOVA and Tukey’s post hoc test (significance accepted at p<0.01). 
 
Standard step-forward multiple regression analysis procedures were used to derive generalized prediction 
equations for METs from a pool of independent variables that included the MTI output (counts/min), body mass 
(kg), body height (m), gender (dummy coded “0” for women and “1” for men), as well as potential interactions 
between these terms.  Given the hypothesized relationship between body height and MTI output described 
earlier, an additional independent variable was created for all subjects by regressing METs onto their 
corresponding values for MTI output using simple linear regression procedures (three pairs of data points for 
each regression corresponding to the three walking speeds).  Each regression resulted in a linear equation with 
slope and intercept terms specific to each subject such that either or both could be used as independent variables 
in the multiple regression analysis (7,9).  Slope and intercept terms for individual regression analyses were 
accepted only if the resulting R2 value was ≥0.85 and a visual inspection of the associated scatterplot indicated an 
adequate representation (i.e., linear) of the relationship between the dependent variables and the MTI output 
variable.  The significance of each independent variable, and the potential interactions between independent 
variables (such as body height and MTI output) were verified with partial F-tests (15) at the p<0.15 while the 
overall model significance was evaluated at p<0.05. 
 
Final regression models were evaluated using the PRESS cross-validation technique (16).  In contrast to the 
more common data-splitting technique for cross-validation, the PRESS technique allows for virtually the entire 
study sample to be included in the cross-validation.  The PRESS technique results in the familiar multiple 
correlation (R) and standard error of the estimate (SEE) statistics, but the PRESS equivalents (hereafter referred 
to as RP and SEEP, respectively) tend to be more conservative (i.e., less optimistic) than their non-PRESS 
counterparts.  As such, the PRESS statistics (RP and SEEP) are generally considered to provide a better 
reflection of the expected accuracy of the validated regression equation when applied to data samples with which 
it was not originally derived.  For a more detailed explanation of the PRESS technique the reader is referred to 
the paper by Holiday et al. (16), while a recent application of the PRESS technique to a multiple regression 
prediction equation is illustrated by Matthews et al. (17). 
 
For the field validation data, mean values for T5, T10, B5, and B10 from the 3-day PAR were each compared to 
the same variables derived from the different MET prediction equations using a single-factor repeated measures 
ANOVA and Tukey’s post hoc test (p<0.01).  All statistical analyses were performed using the software package 
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Figure 1.  Individual regressions of MTI output on METS 
for different size adults (n=3).  The smallest individual 
shown (open circle [¡¡], female, 42 kg body mass, 1.52 m 
body height) has the steepest slope (0.0015 METs/MTI unit) 
while the slope for the average (closed square [nn], male, 68 
kg, 1.80 m) and largest (closed diamond [�], male, 100 kg, 
1.91 m) subjects decreased with an increase in body size 
(values for slope were 0.0009 and 0.0005, respectively). 

Statistica Version 5.5 A (Statsoft, Inc., Tulsa, OK, USA). 
 
RESULTS 
 
Both MTI and VO2 data were successfully collected on a total of 57 subjects (28 women, 29 men).  The women 
(Mean±SD, Range) averaged 28.8±6.1 (20-42) years of age, 63.7±10.9 (41.9-85) kg body mass, and 1.66±0.01  
(1.51-1.96) m body height, while the men averaged 27.8±5.4 (21-42) years of age, 87.0±11.1 (68-105.4) kg 
body mass, and 1.82±0.07 (1.66-1.93) m body height.  Note that both the shortest and tallest subjects in the data 
pool were women.  Data for eight subjects were originally lost due to errors with downloading the MTI 
monitors, but seven of these subjects returned to repeat data collection.  Lastly, one subject’s data was removed 
from all analyses because of an inability to walk in time with the metronome.  Intra-class reliability values for 
VO2, MTI output, stride rate, and walking speed were all high (RXX ≥0.98), as well as the stability reliability 
values (RXX=0.88) for the test-retest of the slope determination between METs and MTI output.  Collectively, 
these results indicate that these measures were highly repeatable and that the subjects had achieved a 
physiological steady-state at all three walking speeds.  Mean values for walking speed (Mean±SE: 72.6±1.4, 
86.4±.3, 100.8±1.3 m/min), VO2 (0.80±0.02, 0.97±0.03, 1.28±0.04 L/min), and MTI output (2644±126, 
3757±140, 4875±173 counts/min) significantly increased (p<0.05) from the slow to intermediate to fast 
conditions, respectively. 
 
Individual regressions of MTI output on METs were 
successful for only 48 of the 57 subjects.  An example 
of the resulting fitted lines to the data of three subjects 
who differed considerably in body mass and height are 
shown in Figure 1.  Note that the slope of the 42 kg 
female is considerably steeper (0.0015 METs/MTI 
unit) than the slope of either the 68 kg male or the 100 
kg male (0.0009 and 0.0005 METs/MTI unit).  
Plotting these slope values for each of the 48 subjects 
against body height (Figure 2) resulted in a significant 
negative correlation (R=-0.44; p 0.0014).  When all of 
the subjects’ data were pooled and the MTI output 
variable regressed on METs (Figure 3), the 
relationship is clearly linear and very similar in 
appearance to data presented by other investigators.  
The new MET prediction equations derived from the 
data (Table 1) are shown with MTI output as the only 
independent variable (MET Model 1) and a second 
equation (MET Model 2) that adds body height and an 
interaction term between height and MTI output.  
Both equations had moderately high values for multiple R (0.82-0.84) and associated SEE values of ±0.590-
0.611 METs.  The calculated PRESS statistics (RP and SEEP), which are an indication of the expected accuracy 
of these equations when applied to MTI data not used to derive the equations, were only slightly lower for RP 
and slightly higher for SEEP (Table 1). 
 
MET Models 1 and 2 from Table 1 were then compared with published prediction equations from the literature 
(Equations 1-3) to the 3-day PAR records of 14 subjects.  The results of the computer algorithm on the MTI 
data for each MET prediction equation and the 3-day PAR are provided in Table 2.  First, according to the 3-day 
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Figure 2.  Log-log plot of the slopes from the individual 
regression equations on body height for each subject (n = 48). 
 The least-squares determined regression line (log10 [slope] = -
2.265 - 3.487 x log10 [Height]; R = -0.44; P = 0.0014) indicates 
a significant negative correlation between the individual 
regression slopes and body height.  Values for women are 
shown as open circles (¡¡) while those for men are shown as 
closed squares (nn). 
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Figure 3.  Scatter plot of relationship between actual energy 
expenditure (METs) and mean output from the MTI physical 
activity monitor at three speeds of self-selected overground 
walking (n=171 observations).  Each of 57 subjects is 
represented by three data pairs, each of which represents the 
concomitant collection of metabolic and MTI data during one 
of three self-selected walking speeds (“slow”, “intermediate”, 
and “fast”).  Values for women are shown as open circles (¡¡) 
while those for men are shown as closed squares (nn).  Solid 
line is the least-squares fit regression line and the same as 
Model 1 reported in Table 1 (R2=0.68; SEE=±±0.611 METs; 
p<0.001):  METs=1.551 + 0.0006189 x MTI. 

PAR the average time spent in physical activities exceeding a 3 MET intensity for ≥5 min in duration was 
(Mean±SE) 50.1±6.0 min/day, which was accumulated in an average of 2.2±0.4 bouts/day.  Neither the MET 
prediction equations from the literature (Equations 1-3) nor the new MET prediction equations (MET Models 1 

and 2; Table 1) differed significantly from the PAR 
data with respect to the time estimates in min/day.  
However, with the exception of Equation 3, which 
tended to over predict the time estimate (85.9 
min/day), all other equations tended to under predict 
the min/day time variable.  In addition, with the 
exception of MET Model 2, all other MET prediction 
equations tended to over predict average bouts/day, 
though only the results for Equation 3 were 
significant (p<0.05).  Second, according to the 3-day 
PAR the average time spent in physical activities 
exceeding a 3 MET intensity for ≥10 min in duration 
was (Mean±SE) 48.3±6.1 mins/day, which was 
accumulated in an average of 1.8±0.4 bouts/day.  
With the exception of Equation 3, all other MET 
prediction equations significantly under predicted the 
amount of time accumulated in bouts ≥10 min, but 
there were no significant differences in the average 
number of bouts accumulated. 
 
 
DISCUSSION     
 
The present study was designed to determine the 
importance of body height as a predictor of METs 
from MTI activity monitor output in healthy adults.  
An important component of this task was specifically 
recruiting both male and female subjects who varied 
considerably in body height.  MET Model 1, the first 
of two MET prediction equations generated (Table 
1), had the same format as previously published 
prediction equations (Equations 1-3) and 
demonstrated a very linear relationship between 
measured METs and MTI output (Figure 3).  The 
multiple R2 value for MET Model 1 of 0.68 is only 
slightly higher than the 0.59 value reported for 
Equation 3 (4), which was based upon over-ground 
walking.  Predictably, a much higher R2 value of 0.82 
was reported for Equation 1 (3) which was based 
upon both walking and jogging/running activities.  In 
addition, based upon the 95% confidence interval for 
the slope term of MET Model 1 (Table 1), the slope 
coefficient of 0.000619 differed significantly from the 
same slope terms reported for Equations 1 and 2, but 
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not for Equation 3.  Lastly, the Y-intercept term for MET Model 1 of 1.551 was higher than that reported for 
Equation 1 (Y-int=1.439), but not for Equations 2 or 3 (Y-int.= 2.606 and 1.602, respectively).  In short, the 
emphasis placed on the recruitment of men and women who varied considerably in body height did not seem to 
meaningfully influence either the prediction accuracy or the regression coefficients of MET Model 1 relative to 
previously published prediction equations. 
 
Table 1.  Regression coefficients (betas) for predicting METs from MTI output and body height during 
overground walking in adults (n=171).  

 MET Model 1 MET Model 2 

Y – Intercept 1.551 - 1.833 
a MTI Output 6.19x10-4 0.00171 

 (6.84x10-4 , 5.54x10-4) (0.00109, 0.00232) 

 b Height (HT)  1.957 

  (0.421, 3.49) 

MTI x HT  - 6.31x10-4 

  (-9.82x10 -4 , -2.80x10-4 ) 

 Multiple R2 0.676 0.701 

SEE (METs) 0.611 0.590 

 Multiple (R2)P 0.669 0.686 

SEEP (METs) 0.615 0.600 
Note: Values in parentheses are 95% confidence intervals for the respective coefficients, SEE = the standard error of estimate, and R5 and 
SEE values with a subscript AP@ are PRESS statistics.  a MTI data are derived from one-minute sample intervals and recorded in units of 
counts/min; b HT is body height expressed in units of meters. 
 

Table 2.  Average time (mins/day) and bouts (bouts/day) of free-living physical activity ≥≥3.0 METs 
intensity accumulated over three successive days.  Values reported as Mean±±SE for five different MTI 
prediction equations, as well as self-report data using a three-day physical activity record (PAR) (n = 14). 

Source  T5 
(min/day) 

 B5 
(bouts/day) 

T10  
min/day) 

B10 
(bouts/day) 

Freedson et al. (1998) 37.3±5.5 3.2±0.4 *24.1±5.2 1.0±0.2 

Swartz et al. (2000) 34.0±5.4 2.8±0.4 *22.5±5.2 0.9±0.2 

Hendelman et al. (2000) 85.9±10.8 *8.3±1.1 48.2±7.1 2.3±0.4 

MET Model 1 
(present study) 

32.5±5.3 2.6±0.3 *21.8±5.1 0.9±0.2 

MET Model 2 
(present study) 

27.3±5.0 2.1±0.3 *18.5±4.8 0.7±0.2 

3-Day PAR 
(present study) 

50.1±6.0 2.2±0.4 48.3±6.1 1.8±0.4 

Note: MET Model 1 and 2 refers to the MTI prediction equations reported in Table 1 of the present study. 
T5=Average time in bouts ≥5 min; B5= Number of bouts ≥5 min; T10=Average time in bouts ≥10 min; B5= Number of bouts ≥10 min 
*Mean value differed significantly from mean PAR value (p<0.05). 
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The present study also sought to determine whether body height in combination with MTI output could be 
incorporated as a predictor variable for more accurate and individualized predictions of energy expenditure 
during field studies.  This idea was based on the study by Rorabaugh et al. (6), who reported a prediction bias 
against the shortest and tallest subjects when using the MET prediction equation provided by the MTI 
manufacturer (which is the same as Equation 1).  In the present study, Figures 1 and 2 clearly demonstrate how 
differences in body height within the normal adult population can result in very different output from the MTI 
monitor.  The steeper slope of the relationship between METs and MTI output (Figure 1) with a decrease in 
body height is due the higher stride frequency required by shorter individuals to maintain any given walking 
speed.  The MTI monitor interprets the higher stride frequency of shorter individuals as a higher counts⋅min-1 due 
to the more frequent vertical accelerations of the body’s center of mass (Figure 2).  It should be noted that the 
relationships illustrated in Figures 1 and 2, which are predictable from locomotion studies in animals (9) and 
humans (7), are not readily apparent when the data are plotted collectively and without reference to body height 
(Figure 3).  Clearly, these data suggest that body height can be considered a potential covariate with MTI output 
in heterogeneous populations when explaining individual MET differences. 
 
The potential importance of body height as a predictor of METs is shown in the MET Model 2 (Table 1).  In 
addition to MTI output, the predictor variables include body height and an interaction term between height and 
MTI output.  The addition of these two terms resulted in a small decrease in SEE (from ±6.11 to ±0.590 METs) 
and a small increase in R5 (from 0.68 to 0.70), but the slope coefficient for the MTI output term increased 176% 
from 0.000619 (MET Model 1) to 0.00171 (MET Model 2).  This indicates that the MTI output variable was 
not capable of independently explaining the variance in METs.  Statistically, however, the inclusion of body 
height and the interaction term results in a prediction accuracy that is similar to MET Model 1.  Therefore, 
despite the theoretical rationale for inclusion of body height in MET Model 2 (7,8,9), as well as the data from the 
present study that suggests body height should be an important predictor of METs (Figures 1 and 2), the 
inclusion of body height in MET Model 2 did not change the model’s prediction accuracy appreciably. 
 
Despite the lack of major differences in prediction accuracy between MET Models 1 and 2, as well as between 
these models and Equations 1-3, it is possible that the small differences that do exist may become important 
when analyzing MTI activity monitor data collected under free-living conditions.  Thus, the present study also 
sought to test the field validity of the new MET prediction equations against 3-day physical activity records 
(PAR) as well as Equations 1-3 from the literature.  Overall, there were several important trends highlighted by 
the results in Table 2.  First, MET Models provided very similar information about accumulated time and bouts 
in physical activity.  Second, the field validity results of MET Models 1 and 2 were very similar to the results 
from Equations 1 and 2.  Third, the self-reported 3-day PAR data appear to be most similar to the results from 
Equation 3.  Thus, neither MET Model 1 or 2 provided any additional accuracy in estimating average number of 
bouts and accumulated time during free-living physical activity when compared with previously published MET 
prediction equations. 
 
As a result, it seems likely that the presence of some other physiological or mechanical covariate may be 
disrupting the underlying relationship between MTI output, METs, and body height.  For example, it is possible 
that the MTI monitor itself is highly sensitive to a subtle difference in locomotion mechanics that is not clearly 
apparent when looking at very different sized people (Figure 1).  Evidence for this is present in Figure 2 where 
for any given body height there is a range of possible MET/ MTI slope values.  There is also an expected amount 
of inter-individual variability in walking economy for any group of adults at a given walking speed (7).  These 
two reasons alone could explain why MTI output in units of counts⋅min-1 appear to provide the single best 
predictor of METs when applied to free-living activity monitor data. 
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In conclusion, the present study derived two new MET prediction equations (MET Models 1 and 2; Table 1) for 
the MTI activity monitor using an adult sample that was very heterogeneous with respect to body height. The 
new prediction equations were statistically similar in accuracy to each other to other prediction equations in the 
literature despite the unique inclusion of body height as an independent variable in MET Model 2.  In addition, 
the new MET prediction equations did not provide any additional accuracy in estimating accumulated number of 
bouts or average time in physical activity during free-living conditions over other published equations.  Thus, 
despite the theoretical rationale for the inclusion of body height as a predictor variable, as well as the data from 
the present study (Figures 1 and 2), the inclusion of body height had no meaningful influence on prediction 
accuracy (Table 1) or field validity (Table 2) when compared to previously published prediction equations. 
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