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Abstract

Objectives. We investigated the effect of monitor placement on
the sources of variance and reliability of objectively measured
free-living physical activity (PA).

Design. A convenience sample (N=7; 3 females, 4 males) of
rural, adult, black South Africans was recruited from the planta-
tion section of a local lumber mill. PA was assessed using two
uni-axial accelerometers placed on the right hip (RH) and left hip
(LH), over 3 weekdays. PA indices were total counts, average
counts, inactivity (0 - 499 counts.min'1), moderate-1 activity (500
- 1951 counts.min'1) and moderate-2+vigorous activity (=1 952
counts.min'1).

Results. Accelerometer output did not differ across trials for
either hip placement (p>0.2). There were no significant differences
between RH-LH for any accelerometer variable (p>0.1) and effect
sizes were small (0.02 - 0.15). Monitor position did not contribute
any variance to accelerometer variables. Variance due to monitor
unit contributed <2% to raw and derived accelerometer variables.
Coefficients of variation derived from the standard deviation of
RH-LH transformed differences ranged from 2.7% to 10.5%,
except for moderate-1 and moderate-2+vigorous variables (16.0
- 72.8%). Intraclass correlation coefficients (ICC, RH-LH) were
>0.90, except for moderate-1 time accumulated in bouts 210
min (ICC=0.83). Agreement between RH-LH for achieving CDC/
ACSM PA guidelines was significant (kappa=0.79, p=0.002)

Conclusions. Firstly there was no statistically significant differ-
ence between RH-LH for any accelerometer variable. Secondly,
accelerometer units accounted for little of the variance in accel-
erometer variables. Thirdly, greater variability in monitor place-
ment was apparent for moderate-1 and moderate-2+vigorous
variables.
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Introduction

The use of accelerometers by researchers to objectivel¥ monitor
physical activity has seen a dramatic increase since 1997." With the
greater use of uni-axial accelerometers in large field studies,2 im-
portant questions arise relating to possible sources of measurement
error, such as monitor placement.3‘4 To date a number of laboratory-
based studies have considered the effects of different placement
positions on the output of uni-axial accelerometers 56 and the in-
tra- and inter-instrument variability of uni-axial accelerometers using
mechanical settings -9 or motorised treadmill trials.mo'13 Few stud-
ies have employed free-living protocols when evaluating the effect
of placement position of movement monitors or the inter-instrument
reliability of movement monitors.s’14

Only one free-living study has considered the placement position
or inter-instrument reliability of uni-axial accelerometers by having
subjects wear two monitors on either side of the hip.14 That study
was carried out in a highly urbanised setting, during the waking
hours of one highly structured day, using students and staff from a
university setting who were recreational runners and accumulated
significant amounts of vigorous ph&sical activity.14 Moreover, in their
statistical analyses, McClain et al. ~ did not report the possible effect
of monitor placement on variance distribution " nor did they examine
agreement " between the two placement positions. Consequently,
similar and more expanded analyses of free-living samples with
more variable day-to-day physical activity patterns are required.
Importantly, rural subjects with low, recreational (vigorous) physical
activity but high work-related (moderate) physical activity demands
should be recruited.

Uni-axial accelerometers demonstrate low intra-unit variability
but do exhibit inter-unit variability such that post-measurement
adjustment in multivariate analysis has been used to account for this
variance which could otherwise dilute the true relationship between
a health outcome and accelerometer output.18 In this regard, Welk
et al. showed that 0.9% of the variance for the raw counts obtained
during multi-speed treadmill trials could be attributed to individual
uni-axial accelerometer units.6 There is thus a need to determine if
this variance due to inter-unit variability is present or possibly even
greater in free-living conditions than has been observed in laboratory
trials.

The objectives of this pilot investigation were firstly to evaluate
the effect of monitor placement and monitor units on the variance
distribution in relation to other sources of variance, and secondly
to determine if monitor position had practically significant effects on
reliability statistics, specifically in an adult population exhibiting low
levels of vigorous, recreational physical activity but high levels of
moderate work-related physical activity.
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Methods

Study protocol

The accelerometry data used in this analysis were collected during
the validitg trial of the International Physical Activity Questionnaire
(IPAQ).19' ! Briefly, participants were recruited to wear two uni-axial
accelerometers and contacted twice over an 8-day period. On the
first occasion, subjects were recruited, provided anthropometric data
and were instructed on the necessary procedures for wearing the ac-
celerometers, one on either side of the hip (RH = right-hand side hip,
LH = left-hand side hip). Eight days later the accelerometers were
collected. Subjects received a small honorarium on completion of the
study. Signed informed consent was obtained from all participants.
The study was approved by the Ethics Committee of the University
of Limpopo (Turfloop Campus).

Subjects

A convenience sample of 7 black adult males (N=4, 30.0+0.8
yrs, 175.743.2 cm, 63.845.9 kg) and females (N=3, 38.7%7.0 yrs,
155.544.8 cm, 56.414.5 kg), resident on farms and villages, were
recruited from the plantation section of a local lumber mill situated in
rural Limpopo Province, South Africa. All participants recruited were
BMI <27 kg.m'z. These forestry workers performed a variety of man-
ual tasks and ensured that plantations were created and maintained,
and that raw timber was harvested, sized, cleaned and stacked prior
to transport to the saw mill for further processing.

Physical activity counts and durations

To objectively quantify free-living physical activity of the subjects, two
uni-axial accelerometers were worn for at least 8 days. The CSA
model 7164 (Computer Science Applications, Inc. Shalimar, FL),
now marketed as the MTI Actigraph (MTI Health Services, Fort Wal-
ton Beach, FL), is small and unobtrusive (5.1 cm x 4.1 cm x 1.5
cm, 42.6 g). z The accelerometers were worn on the RH and LH,
securely attached to a nylon belt. The accelerometers could be re-
moved for sleeping and bathing purposes by unclipping the nylon
belt. Subjects were carefully instructed as to the proper positioning
of the accelerometers (mid-axillary line). The minute-by-minute data
were downloaded from the accelerometers onto an IBM-compatible
personal computer via an interface unit, for further analysis using
proprietary software (DAYBYDAY.XLS, Microsoft Excel 97 macro)
and a customised data reduction programme (Microsoft Excel 2002
macro). Physical activity counts were defined as total counts (counts.
day'1) and average counts (counts.day'1.min'1 = total counts/regis-
tered time for counts.min” 1). Physical activity volumes (min.day'1)
of inactivity and moderate and vigorous activity were derived using
previously defined cut-points.141 Inactivity (lying, sittin%;, standing
quietly, light activity) was classified as 0 - 499 counts.min” . For mod-
erate activity (3 - 6 METs, 1 MET = 1 metabolic equivalent = 3.5
mIOz.kg'1.min'1 =1 kcal.kg'1.hr'1) a distinction was made between
activities requiring less ambulation (moderate-1: house work, yard
work) and predominantly ambulatory activities (moderate-2: walk-
ing). The cut-points for moderate-1 and moderate-2 were defined
as 500 - 1 591 counts.min-1 and 1 592 - 5 724 counts.min'1, respec-
tively. Activities, such as running, which record =5 725 counts.min’

were defined as vigorous (>6 METs). The amount of activity accumu-
lated in bouts of 210 min (bouts separated by at least 1 min) for the
moderate-1 and moderate-2+vigorous categories were also derived.
The first and last days of the 8-day monitoring period were excluded.
Only weekdays with at least 8 hours.day'1 (480 minutes.day'1) of
registration (counts.min-1 21) were considered. This would repre-

sent the minimum of a 40-hour, 5-day working week in this sample.
Valid accelerometer data for the first 3 weekdays were used for all
subsequent analyses. A 3-weekday period was selected because 3
subjects provided a minimum of 3 weekdays of valid accelerometer
data.

Statistical analysis

Descriptive statistics comprised means and standard deviations. If
data distribution was non-normal, the parametric results were con-
firmed with transformed (natural logarithms) or ranked data. Data
were analysed using appropriate statistical software (SPSS for Win-
dows 13.0). Confidence intervals (95%Cl) were calculated as re-
quired. Significance for all inferential statistics was set at p<0.05.

To evaluate the sources of variability in accelerometer data,
variance components in mixed effects models were estimated
using restricted maximum likelihood methods.16 Accelerometer raw
output and derived indices were the dependant variables for these
analyses. Variance components were estimated for subject (inter-
individual) variance, monitor unit variance (8 units), trial variance (3
trials), monitor position variance (2 positions), and residual (intra-
individual) variance. The variance components were expressed as a
percentage of the total variance. Inter-individual variance represents
true variation between subjects while intra-individual variance
represents day-to-day variation within subjects. The variance due
to monitor unit, trial and monitor position effects were nested within
subjects. Gender and day of the week were entered as fixed factors.
Using the same set of fixed and random factors, a separate analysis
was performed on the raw accelerometer data gcounts.day'1) to test
for possible interaction of subjects by monitors.

A multivariate, two-way repeated-measures ANOVA was
used to examine possible differences across trials for RH and LH
accelerometer variables. Separate analyses were conducted with
gender entered as a between-subjects factor, and interactions
between gender and hip placement or trial. In order to compare the
accelerometer output between RH and LH, the mean difference and
limits of agreement for repeated measurements were calculated for
all accelerometer variables.'’ We did not use the RH and LH within-
subject variances across trials to adjust the variance of differences.
Within-subject variances for any accelerometer variable did not differ
significantly between RH and LH (p>0.4) such that any adjustment
using within-subject variance would simply inflate the variance of
differences. This inflation would simply mean that within-subject
variance across trials was greater than the RH-LH difference variance.
Bland-Altman plots and Q-Q normal probability plots of difference
scores were constructed to visually assess the limits of agreement
and distribution of difference scores, respectively.17 For comparative
purposes14 we also calculated a coefficient of variation (CV) from
the standard deviation of the differences of the transformed raw data
(natural logarithms) using the following formula (CV = 100 x [eSD -1]).23
Because the moderate-2+vigorous (bouts 210 min) contained zero
values, we added one to all raw values before taking the natural
logarithms of the raw values. Effect sizes (d) were calculated from
the mean difference and the standard deviation of the differences
obtained during the limits of agreement analysis (raw values),
and interpreted according to Cohen’s conventions; 0.20 (small),
0.50 (moderate), 0.80 (large).>* The ICCm (intraclass correlation
coefficient; average measure, absolute agreement, two-way random
effects)25 was calculated (RH v. LH) for each trial. Thereafter, the
mean ICCn, was calculated from the ICCn, of three trials.

Subjects were also classified according to the ACSM/CDC
guidelines (=30 min.day'1 of moderate-2+vigorous activity accumu-

14
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lated in bouts 210 min)26 for each trial and monitor position. Agree-
ment between RH and LH for each trial (7 pairs of data) and for all
trials combined (21 pairs of data) was assessed by constructing
2-by-2 tables and calculating Cohen’s kappa (k) statistic.

Results

Six of the 8 units were used twice; once on the RH and once on the
LH. Registered time for counts 21 ranged from 8.12 hrs to 14.45 hrs
(10.18+1.75 hrs) and did not differ significantly between RH and LH
monitors (RH: 10.18+1.91 hrs; LH: 10.18+1.63 hrs; mean difference
= -0.01 hrs, p=0.9771). There was no significant difference across
trials for registered time for RH or LH monitors (p>0.2).

Descriptive statistics for RH and LH accelerometer raw output
and derived variables are reported in Table I. Because the volume
of vigorous activity accumulated was low (RH: 6+12 min.day"1, LH:
6+11 min.day-1) and distribution was skewed, a separate variable
was constructed which combined moderate-2 and vigorous activity.
Repeated-measures analyses found no significant differences
across the three ftrials for any accelerometer variable (p>0.1) nor
any significant differences between hip placement or gender for any
accelerometer variable (p>0.4), except for moderate-1 (bouts 210

min) where females accumulated significantly more activity than
males (34 min, p=0.0081) (Table I). There was no interaction between
gender and ftrial or hip placement (p>0.2). There was no marked
difference in significance using the raw data or rank transformed data
for the moderate-2+vigorous (bouts 210 min) variable, consequently
the p-values from the raw data are reported.

Effect sizes for the mean differences between RH and LH ranged
from d=0.02 to d=0.15 (small effect) for all accelerometer variables.
The 95% limits of agreement in Table | represent the area within
which 95% of the mean differences would be expected to fall, if the
differences are normally distributed.”” The difference scores (RH
minus LH) were randomly distributed irrespective of the magnitude
of the accelerometer variables and the difference scores were
normally distributed (data not shown). Agreement analysis revealed
no systematic bias in mean differences for any accelerometer
variables. Limits of agreement were similar for moderate-1 and
moderate-2+vigorous variables (Table I).

The distribution of variance is reported in Table Il. Monitor position
did not contribute to the variability of any of the accelerometer
variables. The variability due to individual monitor units was 0.3%
to 1.7% for raw and derived accelerometer data. There was no
interaction for subjects-by-monitors. Inter-individual variance was

Table I. Descriptive statistics for accelerometer raw output and derived indices

Raw output and derived Monitor positions Agreement H
indices Right-hand side hip = Left-hand side hip™ Significance T
Total counts 761635 (212 074) 763290 (178 772) 0.2755 -1 655 (-151 016 to 147 706)
Average count U 999 (215) 1008 (177) 0.2376 -9 (-140 to 122)
Inactivity i 1026 (102) 1024 (91) 0.6197 +2 (-50 to 54)
Moderate-1 H
(bouts 21 min) 284 (62) 285 (59) 0.1305 -1 (-33 to 30)
(bouts 210 min) 44 (23) 46 (19) 0.1854 -2 (-24 to 20)
Moderate-2 + vigorous il
(bouts =1 min) 130 (50) 131 (40) 0.1529 0 (-36 to 35)
(bouts 210 min) 19 (22) 20 (18) 0.9841 -1 (-20 to 19)

" total counts = cts.day'1, T average counts = cts.day'1.min'1; * activity duration = min.day'1; §0-499 cts.min'1; Il 500-1 951 cts.min'1; 121 952 cts.min'1;
trial main effect p-value;

" estimated marginal mean (SD) of three trials;
hip differences p>0.7.

mean difference (95% limits of agreement), main effect significance for

Table Il. Variance component analysis of 3-day accelerometry raw output and derived variables

Activity counts *

f Total

Sources of variance Average Inactivity
Inter-individual 79.0 67.1 68.4
Intra-individual 21.0 32.9 31.6
Position * 0.0 0.0 0.0
Trial $ 3.1 73 237
Monitor ! 1.7 0.0 07
Residual 16.2 25.6 7.2
Total 100 100 100

Data reported as a percentage of total variance; * see Table | for units and cut-point definitions; U adjusted for gender and day of the week;

Bouts 21 min

60.7 23.5 68.8 53.8
39:3 76.5 31.2 46.2
0 0.0 0.0 0.0
29.1 10.1 8.2 0.0
0 0.3 0.0 0.0
10.2 66.1 23.0 46.2
100 100 100

* position (right-hand side, left-hand side); S trial (1, 2, 3): | monitor (8 units).

Activity duration *

Moderate-1 Moderate-2 + Vigorous

Bouts 210 min Bouts 21 min Bouts 210 min
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Table lll. Reliability analysis of 3-day accelerometry raw output and derived indices

Raw output and derived indices . Coefficient of variation T
Total counts 10.5
Average counts 6.3
Inactivity 2.7
Moderate-1

(bouts =21 min) 5.7

(bouts 210 min) 33.8
Moderate-2 + vigorous

(bouts 21 min) 16.0

(bouts 210 min) 72.8

Intraclass correlation coefficient ¥

Trial 1 Trial 2 Trial 3 Mean
0.95 0.97 0.96 0.96
0.98 0.92 0.96 0.95
0.93 0.98 0.94 0.95
0.86 0.99 0.98 0.94
0.728 0.78 0.398 0.63
0.96 0.89 0.96 0.94
0.618§ 0.92 0.95 0.83

* see Table | for units and cut-point definitions; U percentage; * average measure intraclass correlation coefficient for RH v. LH; all trial ICC significant

(p<0.02) except ® p=0.08; larithmetic mean for trial 1-3.

greater than intra-individual variance for all accelerometer variables,
except the moderate-1 (bouts 210 min) variable. Of all the variance
components nested within-subjects, trial contributed the most. There
was no marked difference in variance components using the raw
data or rank transformed data for the moderate-2+vigorous (bouts
210 min) variable, consequently the variance from the raw data is
reported in Table Il. The variance components reported in Table Il for
the moderate-1 (bouts 210 min) variable was obtained from natural
logarithm transformation.

The reliability analysis is reported in Table Ill. CV ranged from
2.7% to 10.5% for raw and derived variables, except for moderate-1
and moderate-2+vigorous variables (16.0% to 72.8%). ICCm for four
of the six accelerometer variables were >0.90. The ICCy, for trial 1
and trial 3 of the moderate-1 (bouts 210 min) variables were low
and insignificant, resulting in a low mean ICCp,. Transforming the
moderate-1 (bouts 210 min) data did not improve the results. The
high intra- to inter-subject variance ratio for the moderate-1 (bouts
210 min) data (Table II) would account for the continuing low ICCm.
In contrast, the low ICCp, for the moderate-2+vigorous (bouts 210
min) reported in Table Il was the result of averaging an insignificant
ICCm for trial 1 and significant ICCr, for trials 2 - 3. Rank transforming
the moderate-2+vigorous (bouts 210 min) data resulted in significant
reliability coefficients (consistency, two-way random effects) for all
trials (p<0.01) resulting in a mean ICC»=0.92.

Only two subjects were misclassified in terms of achievement of
ACSM/CDC guidelines between RH and LH monitors; one subject
on trial 1 and one subject on trial 3. There were no misclassifications
for trial 2. Agreement between hip positions was significant for trial
2 (k=1.00, p=0.0082) but not trials 1 and 3 (k=0.70, p=0.05334).
Overall (trial 1-3) agreement was significant (x=0.79, p=0.0002).

Discussion

This study is the first analysis, albeit preliminary in nature, which has
reported on the effect of monitor placement on the variance distri-
bution and reliability of uni-axial accelerometer output and derived
variables obtained during free-living conditions in a South African
setting. The principal findings of this analysis were firstly that there
were no statistically significant differences between hip positions for
raw or derived accelerometer variables. Secondly, greater variability
was apparent for the moderate-2+vigorous variables, especially so
for time accumulated in bouts =10 min for both moderate categories.
Thirdly, individual accelerometer units accounted for nearly 2% of
the variance for raw accelerometer counts.

Welk et al. were the first to demonstrate that at a moderate treadmill
walking speed of 4.8 km.hr'1, different uni-axial accelerometer hip
positions (anterior axillary, mid-axillary, posterior axillary) had a
significant effect (p<0.05) on accelerometer output (cts.min'1) such
that variability (percentage of mean score) was 30% compared
with 3% for two other accelerometers (Biotrainer and Tritrac).
These findings suggest that variability is more likely to increase at
moderate intensities during free-living trials where monitor position
is not accurately controlled.

Our results are in agreement with laboratory treadmill studies
that have found greater variability between uni-axial accelerometers
mounted across hips (RH v. LH) at moderate intensities compared
with vigorous intensities. "~ Nichols et al. found lower reliability
across hip placement for slow speeds (ICC=0.55, 3.2 km.hr'1)
compared with faster speeds (ICC=0.91, 6.4 km.hr'1).7 Similarly,
Brage et al. demonstrated lower agreement at moderate walking
speeds (4 - 6 km.hr'1) compared with faster running speeds (8 - 14
km.hr'1), even though IcC>0.91."° Importantly, these differences
remained even after calibration of the individual monitors.

The effect of hip v. lower back positions on uni-accelerometer
output has been investigated during laboratory treadmill ® and free-
living trials.s’15 Yngve et al. reported significant differences (p<0.01)
between hip and lower back positions for normal and fast walking
and jogging (4.3, 5.8 and 9.6 km.hr'1, respectively) irrespective of
setting (indoor athletics track or treadmill).5 The absolute percentage
error (|[Hip — Back/Back]| x 100) was greatest for the normal to
fast walking (9.5% and 7.2%, respectively) which occurred in the
moderate (1 952 - 5 724 cts.min”) range, and lowest for jogging
(4.5%; 25725 cts.min”’ range). It was suggested that the differential
findings between walking and jogging were due to changes in vertical
displacement of the hip compared with the lower back during the
transition from fast walking to jogging.5 During a 7-day free-living
trial, no significant difference was found between monitor positions (-
10 cts.min”, p=0.23, 95% limits of agreement: -102 to 82 cts.min'1).
Moreover, the amount of daily moderate-to-vigorous time predicted
from four METs v. cts.min'1 equations did not differ between monitor
positions.5 During a 4-day free-living trial in children, Nilsson et al.
demonstrated no difference between hip and lower back positions
for raw counts (22 cts.min'1, p=0.20, 95% limits of agreement:
-110 to 154 cts.min'1).15 The wide limits of agreement was due to 2
subjects and might have been caused by specific movements that
result in differences in movements between the hip and lower back.
A significant difference (p<0.01) between output for hip and lower
back positions was found only when data were sampled over short
periods (5 sec epochs) and only in the moderate range (1 952 - 5 725
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cts.min'1). Short sampling periods might be more likely to capture
even small differences in movement at different body sites. "

More recently, McClain et al. have been the first to show that
in free-living conditions, RH-LH comparisons exhibit greater
variability for the moderate-2 range (500 - 1 951 cts.min'1), * thus
confirming the laboratory treadmill findings of greater variability at
walking speed intensities.”° Our results are in accord with the lower
variability reported by McClain et al. for total counts, inactivity and
moderate-1 variables. 4 However, in contrast to McClain et al., we
have found higher variability for the moderate-2+vigorous physical
activity (MVPA) categories (=1 952 cts.min'1; bouts 21 min and
210 min).14 These apparently contradictory findings are due to the
selective subject recruitment strategies employed in this study and
by McClain et aI.14

McClain et al. purposively selected highly active individuals
(runners), which resulted in approximately 65% of MVPA time
being accumulated from vigorous activity (=25 725 cts.min-1).14
Consequently, the increased variability of the moderate-2 range was
diluted by the larger contribution of the vigorous range. The present
study, on the recommendation of McClain et al.,14 selected subjects
who were not vigorously active but rather accumulated activity in
the moderate-1 and moderate-2 activity zones. This is evident by
a 3-fold greater moderate-1 time, a nearly 5-fold greater moderate-
2 time and an 8-fold lower vigorous time, compared with McClain
et al.14 Moreover, the moderate-2 zone in this study contributed
approximately 95% to the MVPA variable. Consequently, in contrast
to McClain et al.,14 we do not recommend collapsing moderate-2 and
vigorous activity zones into a single MVPA variable as a method to
dilute greater variability from the moderate-2 zone. We would caution
researchers that the creation of an MVPA variable does not always
imply a reduced variability as suggested by others.14

Taken together these studies have shown that uni-axial
accelerometer counts sampled during moderate intensities are
more variable when collected at different body sites. 57101415
However, none of these studies investigated the effect of body
sites on moderate-to-vigorous time accumulated in bouts 210 min
and on the compliance of subjects with PA public health guidelines.
Consequently, contrary to the assertion by Trost et al. that the
practical effect of different body sites on uni-axial accelerometer
output is negligible,3 we would argue that there is still uncertainty
as to the practical effects of mounting uni-axial accelerometers at
different body sites.

Although we could not calibrate the units before and during the
field measurements, post-measurement variance analysis showed
that 1.7% of the variability for total daily counts could be attributed
to monitor units, which is in agreement with the 0.9% found by Welk
et al. during multi-speed treadmill trials.11 The twofold increase in
variability compared with Welk et al. might be due to the greater time
spent at low and moderate intensities in this sample and the free-
living conditions. Importantly, the 14.5 - 20.1% variance for the trial-
by-subject and monitor-by-trial-by-subject interaction reported by
Welk et al. suggests differences by subject due to clothing, posture
and other anthropometric variations, which could be amplified
during free-living trials due to lack of standardisation.11 Moreover,
Brage and associates have shown greater inter-unit variability at
low to moderate intensities ° and it has been suggested that real
anatomical differences such as body size, hip geometry and hip soft-
tissue deposition might explain acceleration differences between hip
positions at lower movement intensities, specifically slow to normal
walking.

We reanalysed uni-axial accelerometer data from a recently
reportedvariancecomponentanalysi327andfoundthataccelerometer
units accounted for 0% and 5.8% of the total variance of daily counts
in rural and urban subjects, respectively. Itis possible that the greater
time spent in low-to-moderate activities (low accelerations) by the
urban subjects would result in greater inter-instrument variability.g’10
This could in turn account for the increased accelerometer unit
variability in urban subjects. Our results and those of others oh
highlight the need to make post-measurement statistical adjustments
for monitor units if individual calibration of units cannot be performed

before and during field trials.g’m’18

Our finding of a substantial within-subject variance for the
moderate-1 (bouts =210 min) in comparison with other variables
is difficult to explain. We reanalysed uni-axial accelerometer data
recently reported for a larger rural sample out of which the current
sample was drawn.27 As with the current analysis, the between- and
within-subject variance was 30% and 70%, respectively. Further
analyses are required to determine whether the variance distribution
for this particular accumulated uni-axial accelerometer variable is
due to a bias resulting from the creation of a variable accumulated
from bouts of PA 210 min or is a reflection of a true behavioural
characteristic of the subjects.

The strengths of the present pilot study are firstly the uniqueness
of the analysis within a South African context. Secondly, this analysis
provides reliability and variance estimates for a South African sample
with particularly high occupational physical activity demands. Thirdly,
this study has also been the first to show dramatically increased
variability for time in moderate intensity variables accumulated in
bouts =10 min. Further research is required to confirm this increased
variability, and possible causes for this phenomenon. The weakness
of this study is firstly that we could not differentiate between
mechanical or anatomical causes for the increased variability
of uni-axial accelerometer output at low to moderate intensities.
However, no study to date has been able to quantify the separate
contributions of mechanical and anatomical causes to increased
variability across hip placement. Secondly, our sample size was
limited when investigating the effects of monitor position variability
on the compliance with public health PA guidelines.

In conclusion, this analysis has demonstrated that uni-axial
accelerometer placement across hips has a greater effect on
variability for derived duration variables in the moderate intensity
range. This increased variability resulted in statistically small effects,
and future research should consider investigating the effects of
uni-axial accelerometer placement on bouts of activity and the
consequent compliance with PA guidelines. As part of quality control
procedures, researchers should perform similar analyses when
conducting field trials, and should either regularly calibrate individual
accelerometer units or adjust statistically post-measurement when
relating accelerometer output to a health outcome.
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