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Abstract This study determined whether four self-paced
household tasks, conducted in the subjects’ homes and a
standardised laboratory environment, were performed
at a moderate intensity [3—6 metabolic equivalents
(METs)] in a representative sample of thirty-six 35- to
45-year-old females. Energy expenditure was also pre-
dicted via indirect methods. Self-paced energy expendi-
ture during sweeping, window cleaning, vacuuming and
mowing was measured using the Douglas bag technique.
Heart rate, respiratory frequency, Computer Science
Applications (CSA) movement counts (hip and wrist),
Borg rating of perceived exertion and Quetelet’s index
were also recorded as potential predictors of energy
expenditure. While the four activities were performed at
mean intensities 3.0 METs in both the home and lab-
oratory, all comparisons between these two environ-
ments were statistically significant (P <0.001). The 95%
confidence intervals (Cls) for the home and laboratory
prediction equations were = 1.1 METs and +1.0 MET,
respectively. These data suggest that the aforementioned
household chores can contribute to the 30 min-day™" of
moderate-intensity activity required to confer health
benefits. However, the substantial between-subject var-
iability in energy expenditure resulted in some persons
performing these tasks at a light intensity (< 3.0 METs).
The significant MET differences between the home and
laboratory emphasise the effects of ‘environment and
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terrain’ and the ‘mental approach to a task’ on self-
paced energy expenditure. Considering the means for the
five activities ranged from 3.1 METs to 6.0 METs, the
95% ClIs for the regression equations lack predictive
precision.

Keywords Energy expenditure - Resting metabolic
rate - Health benefits

Introduction

Epidemiological research has demonstrated the positive
effects of regular physical activity on health outcomes.
Health authorities (CDHAC 1999; Fentem and Walker
1994; Pate et al. 1995; USDHHS 1996) have therefore
recommended that individuals accumulate at least
30 min of moderate-intensity physical activity [3-6
metabolic equivalents (METs), where 1 MET is ~resting
oxygen consumption (VO,) of 3.5 mlkg "'min~" or 4.2
kJ'kg "h™'] on 5-7 days of the week to reduce the risk of
mortality from chronic illnesses, such as cardiovascular
disease, non-insulin-dependent diabetes, hypertension
and maybe some forms of cancer. Regular moderate-
intensity physical activity has also been shown to be an
effective treatment for depression (USDHHS 1996) and
to assist weight control.

Despite strong evidence suggesting that regular phys-
ical activity can protect against several chronic diseases,
national physical activity surveys (Armstrong et al. 2000)
conducted in 1997, 1999 and 2000 found that the per-
centage of Australians not reaching the recommended
levels of physical activity (150 min-week ' of moderate
exercise) had remained steady at ~40%. This statistic is
compounded by the percentage of sedentary Australians
(i.e. no physical activity) increasing from 13.4% to 15.3%
over the same period. This level of physical inactivity
in Australia has led to its classification as the second
largest contributor (7%) to the total disease burden after
smoking (10%) (Mathers et al. 2000). The corresponding



direct health care cost has been estimated at $A 377 mil-
lion per annum (Stephenson et al. 2000).

Although walking and household chores are com-
monly reported daily activities, the latter are not always
included in the 150 min-week ™' (5x30 min) of moderate-
intensity physical activity required to confer health
benefits (Armstrong et al. 2000; Gill et al. 2001) because
there is doubt as to whether these self-paced activities
are performed at an intensity >3.0 METs. Recent re-
search (Bassett et al. 2000; Hendelman et al. 2000; Strath
et al. 2001; Sujatha et al. 2000; Welk et al. 2000) has
addressed these concerns by measuring the energy
expenditure during many household activities using
portable metabolic measurement devices. However, no
investigators have recently measured energy expenditure
using the criterion Douglas bag technique and compared
self-paced energy expenditure in the home with that in
the laboratory environment. Furthermore, only one
project (Luke et al. 1997) has examined whether energy
expenditure of household activities can be predicted
using more than one independent variable via
grouped regression analysis. Small sample sizes (Bassett
et al. 2000; Strath et al. 2001) and no control over the
age-wise decrease in V'O,., (Bassett et al. 2000; Strath
et al. 2001) are further limitations of several recent
studies.

Accurate age- and gender-specific energy expenditure
data for commonly performed household activities
could increase the validity of epidemiological surveys
which convert reported activities into estimates of en-
ergy expenditure. Furthermore, physical activity surveys
that include moderate-intensity household chores will
facilitate a more accurate representation of physical
activity prevalence in the population and will therefore
enable surveys to more sensitively track physical activity
trends over time.

This project addressed some of the limitations of
previous studies and expanded our previous work on 35-
to 45-year-old males (Gunn et al. 2003) by:

1. Measuring the energy expenditure of four of the
more intensive household activities (sweeping, win-
dow cleaning, vacuuming and mowing lawns) and
moderate-paced walking, using the Douglas bag
technique, in a representative sample of females
aged 35-45 years.

2. Comparing the self-paced energy expenditure of
household activities performed in a standardised
laboratory environment with that when the activities
are performed in the subjects’ homes.

3. Assessing energy expenditure of the household
activities and walking expressed in METs and mul-
tiples of measured resting metabolic rate (RMR).

4. Evaluating whether energy expenditure can be pre-
dicted by a weighted combination of independent
variables [heart rate (HR), Computer Science Appli-
cations (CSA) accelerometer counts, respiratory fre-
quency, Borg rating of perceived exertion and
Quetelet’s index].
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Methods

Subjects

Thirty-six Australian women [X (SD) values for age, body mass
and height were 39.9 (2.8) years, 66.5 (13.1) kg and 165.1 (5.9) cm,
respectively] in the 35- to 45-year age range were recruited (Table 1)
from advertisements placed on notice boards in shopping centres,
libraries, community centres and universities. Some subjects were
also recruited by word of mouth. The Australian Fitness Norms
(Gore and Edwards 1992) were used as a guide to select a hetero-
geneous sample for height and body mass. The sample was
screened to exclude: smokers, persons suffering from diseases or
taking any medication known to affect energy metabolism and
those with a history of any clinical eating disorder. The sample size
(n=136) represents an adequate balance between cost effectiveness
and precision for estimating the population means for 35- to 45-
year-old females. This project was approved by the Clinical Re-
search Ethics Committee of the Flinders Medical Centre. All
experimental procedures, possible risks and benefits were explained
to the subjects before their written informed consent was obtained.

Experimental design

Each subject was familiarised with the procedure and equipment
for measuring RMR and energy expenditure during the activities.
At least 1 day after this habituation, RMR was measured in the
morning (between 7 and 9 a.m.) on 2 separate days within an
interval of < 10 days. Following RMR measurement on day 1,
energy expenditure was measured during over-ground walking and
four household activities in standardised conditions in the labora-
tory and its environs. After RMR measurement on day 2, energy
expenditure was measured during four household activities in the
subject’s home. Percent body fat (%BF), determined using dual
energy X-ray absorptiometry (DXA), was measured within 1 week
of energy expenditure measurement. Energy expenditure predictors
(HR, respiratory frequency, CSA movement counts, Borg rating of
perceived exertion) were recorded during all nine activities (four in
the home and five in the laboratory). The order of the activities for
each subject was randomised in accordance with a Latin square
design and no tests were conducted when the ambient temperature
exceeded 28°C.

Table 1 Descriptive statistics for the 35- to 45-year-old females
(n=136)

X (SD) Range
Age (years) 39.9 (2.8) 35.4-45.7
Height (cm) 165.1 (5.9) 155.2-178.2
Mass (kg) 66.5 (13.1) 48.6-115.8
Body composition
Quetelet’s index (kgm™2) 24.3 (4.6) 17.3-45.0
%BF?* 332 (8.1) 17.8-51.8
Fat mass® (kg) 22.8 (9.8) 8.6-59.0
Fat-free mass® (kg) 43.4 (4.8) 36.5-54.8
RMR"
VO, ml'min™" 196 (19) 158-249
VO, ml'kg™"min~! 3.0 (0.3) 2.2-3.7
kJh™! 237 (23) 193-293
kJkg "h™! 3.6 (0.4) 2.5-4.5
Resting HR (beats'min™) 62 (7) 50-80
Age-predicted HR ¢ 180 (2) 176-183

# Via dual-energy X-ray absorptiometry
® Resting metabolic rate
¢ Maximal HR = 208-0.7 x age (Tanaka et al. 2001)
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Resting metabolic rate

Our method for measuring resting VO, using the classical Douglas
bag method, together with the procedure for subject preparation
and controlling factors that are known to affect the metabolic rate,
have been described previously (Gunn et al. 2002). Each day’s
RMR measurement was based on the average of two 10-min col-
lections of expired gas. The values for the lower of the 2 days were
used in further calculations. Energy expenditure (kJ) was calculated
from the respiratory exchange ratio (RER) and VO, data (Elia and
Livesey 1992). To control for the effect of menstruation on RMR,
subjects were tested between days 7 and 20 (day 1 = start) of their
menstrual cycle.

Energy cost of activities

Each activity was performed continuously for 15 min, with expirate
being collected between minutes 5 and 10 into Douglas bag 1 and
minutes 10-15 into Douglas bag 2. The oxygen (O,) and carbon
dioxide (CO,) gas fractions were measured using calibrated anal-
ysers and the volume of expirate was determined using a 350-1
Tissot spirometer. The total mass of apparatus carried by the
subject, including respiratory tubing, was 450 g. A detailed expla-
nation of our technique for measuring VO, during household
activities is contained in Gunn et al. (2002). The five activities
performed in the laboratory and its environs were: moderate-paced
walking, sweeping outdoor paths, window cleaning, vacuuming
and lawn mowing with the identical equipment as that used in our
pilot study (Gunn et al. 2002). The four household activities were
repeated in the subjects’ homes using the same cleaning equipment
as previously.

In the laboratory, subjects were instructed to perform the four
household activities at ‘a pace you would normally do them at
home’ and walking at ‘what you perceive to be a moderate pace’.
These instructions were given to the volunteers prior to each task.
As previously (Gunn et al. 2002), speeds of walking (kmh™"),
window cleaning (m“min™ "), sweeping outdoors on a paved surface
(m'min~") and lawn mowing (km'h™") were determined in the lab-
oratory environment.

HR, CSA accelerometers, respiratory frequency and Borg
rating of perceived exertion

Measurements of HR, respiratory frequency and CSA accelerom-
eter counts were temporally aligned. HR was measured using a
Polar X-Trainer Plus (Polar Electro OY, Kempele, Finland) which
was calibrated throughout the physiological range of measurement
using a pulse generator. Accelerometer counts at the wrist and hip
were recorded using two uniaxial accelerometers (model 7164,
Computer Science Applications, Shjalimar, Fla.) that were cali-
brated using a calibration rig (model CAL71) designed by the
manufacturer. Respiratory frequency was monitored using a cus-
tomised device that incorporated a thermistor located just beyond
the mouthpiece. This device, which used the cadence channel of the
HR monitor’s receiver to record respiratory frequency, was cali-
brated against a ventilometer (P.K. Morgan, Kent, UK). After
completing each activity, a 14-point Borg rating of perceived
exertion scale was used to estimate the subject’s perceived exertion
of the task.

Body composition, height and mass

Height and mass were determined using a wall stadiometer and
electronic balance (model FW-150 K, A&D Mercury, South
Australia), respectively. Total body DXA scans were conducted
with a Lunar DPX-L (Lunar Corp, Madison, Wis.) for 25
subjects, but a Lunar Prodigy (General Electric, Madison, Wis.)
was used for the remaining 11 subjects, because the Flinders

Medical Centre’s DXA machine was updated. Repeated trials
for fat-free mass (FFM) on 12 (6 male and 6 female) subjects
using the Lunar DPX-L yielded an intraclass correlation coeffi-
cient and technical error of measurement of 0.99 and 1.5%,
respectively.

Statistics

Various dependent ¢-tests and single-sample, two-tailed ¢-tests were
conducted (P < 0.05). Interclass correlation coefficients were also
calculated between speeds for walking, window cleaning, sweeping
and lawn mowing and their corresponding METs.

A prediction equation was generated for the activities con-
ducted in each of the laboratory and home settings by fitting ran-
dom intercept regression models to the data (Healy 2001). Specific
physical activity, HR,; (exercise HR-resting HR) and CSAyp,
were included as potential predictors because of their known
associations with METs. Additional independent variables were
selected using a backward elimination procedure, with an elimi-
nation value of P>0.05, from among: respiratory frequency, Borg
rating of perceived exertion, CSA s, and Quetelet’s index and all
two-factor interactions between the specific physical activity
and other potential predictors. The adequacy of the final mod-
els was checked by examining linearity of relationships, normality
of residuals and independence of random subject effects and
predictors.

The predictive ability of the models was examined by calcu-
lating interclass correlations (%) and standard errors of estimate
(SEE) between predicted and measured METs for each physical
activity using a leave-one-out (LOO) protocol (Harrell 2001). This
method involved fitting the model with one subject’s data omitted,
and then using the model to predict the MET intensity of the
omitted subject. The process was then repeated for each subject;
hence, 36 slightly different equations were required to predict the
METs for the complete sample. The LOO method for prediction
reduces the bias introduced when assessment of the predictive
ability of a model is based on how well it predicts for the same
subjects on which it was developed. However, the inflated r* and
reduced SEEs between predicted and measured METs that are
produced when not using the LOO technique have also been in-
cluded in Table 4.

Results
Descriptive data and RMR

The descriptive statistics for the 36 subjects are pre-
sented in Table 1. The measured RMR of 3.0 ml'kg™"-
min~' was significantly less (P <0.001) than the assumed
MET constant of 3.5 mlkg "min~'. FFM explained
52% of the between-subject variation in RMR (kJ-h™").
After controlling for the effects of FFM, fat mass ex-
plained an additional 16% of the variation. %BF mea-
sured using DXA correlated inversely (r*=0.61) with
RMR (ml O>'kg "min™").

The probability is 0.95 (Dobson 1984) that the pop-
ulation means for energy expenditure are within the
following MET ranges for the laboratory activities:
walking, 3.9-4.3; sweeping, 3.2-3.7; window cleaning,
3.6-4.0; vacuuming, 2.8-3.3; and lawn mowing, 5.6-6.3.
Comparable MET ranges for the household activities
performed in the subjects’ homes are: sweeping, 3.8-4.3;
window cleaning, 3.1-3.5; vacuuming, 3.5-3.9; and lawn
mowing, 5.0-5.7.



Are household activities performed at a moderate
intensity?

The energy expenditure data are contained in Table 2.
While all activities in the laboratory and the home were
performed at mean intensities 3.0 METs, vacuuming in
the laboratory was the only activity performed at a mean
intensity not significantly greater than 3.0 METs
(P=0.571). Furthermore, this activity was performed at
an intensity > 3.0 METs by only half of the sample. In
contrast, mowing, both in the home and laboratory, and
sweeping in the home, were activities performed by all 36
subjects at an intensity >3.0 METs.

Table 2 also presents energy expenditure as multiples
of measured RMR (mRMR) instead of the assumed
constant (3.5 ml Oy’kg™"'min™"). Because the RMR for
our sample was significantly less than the constant,
mRMR was significantly higher (P <0.001) than METs
for all activities in the home and laboratory.

There were no significant VO, differences between
bags 1 (minutes 5-10) and 2 (minutes 10-15) during
sweeping, window cleaning and vacuuming in the labo-
ratory (P=0.14) and all household activities in the home
(P>0.14). This suggested that the participants were
exercising at a steady state during these activities.
However, there was a significant increase (P=0.001) in
energy expenditure between bags 1 (X=4.07 METs) and
2 (X=4.14 METs) for walking with a corresponding
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increase (P <0.001) in walking speed from 5.4 km'h™' to
5.5 km'h™". There was also an increase in mowing en-
ergy expenditure (P=0.005) between bags 1 (X=5.90
METs) and 2 (X=6.02 METs), but there was no sig-
nificant difference in mowing speed.

Home and laboratory comparison

Energy expenditure (METs) data for all activities in the
laboratory and home are presented in Fig. 1 and Table 2.
Sweeping and vacuuming were performed at a higher
mean MET intensity (P <0.001) at home compared with
the laboratory; however, two and one subject(s), re-
spectively, went against the trend by performing these
activities at a lower MET intensity in their homes. In
contrast, window cleaning and mowing were performed
at a lower mean MET intensity (P<0.001) at home
compared to the laboratory, but five subjects for each of
these activities went against this trend and increased
their self-paced intensity at home. Mean HR and CSAy;,
were two predictors that consistently reflected the chan-
ges in MET means between the home and laboratory
environment (Tables 2, 3). However, there was no sig-
nificant decline in mean HR (-1 beatmin™!, P=0.76)
associated with the MET difference (—0.5 MET) between
the laboratory and home environments for window
cleaning.

Table 2 Energy expenditure

and HR data (n=236) Laboratory Home Difference (V)
(home vs lab)
X (SD) Range X (SD) Range
Walking
METs? 4.1 (0.7)* 2.7-6.0 (1) - - -
kJkg h! 17.4 (3.0) 11.4-25.6 - - -
mRMR" 4.8 (0.7) 3.3-6.4 (0) - - -
HR® 110 (16) 83-142 - - -
% HR oy 61 (9) 47-79 (3) - - -
Sweeping .
METs? 3.5 (0.7)* 2.2-5.4(7) 4.0 (0.7)* 3.0-6.0 (0) +16.6
kJkg "h7! 14.7 (2.9) 9.3-23.2 17.3 (2.9) 12.7-25.6 +17.3
mRMRP 4.0 (0.6) 3.0-6.2 (1) 4.7 (0.6) 3.5-5.8 (0) +16.4"
HR® 112 (17) 85-146 123 (18) 90-155 +10.57
% HR oy 62 (9) 48-80 (2) 68 (10) 50-86 (0) +10.5
. . . Window cleaning
* 1 MET or metabolic equiva- = METs® 3.8 (0.7)* 2.6-6.1 (5) 3.3 (0.6)** 1.9-4.7 (11) -12.97
Lent = V0, of 3.5 ml’kg™ ‘min kJ'kg™"h™! 16.0 (3.1) 11.2-25.7 14.0 (2.5) 7.9-20.5 -12.57
. multiples of measured RMR mRMR" 4.4 (0.7) 3.2-6.1 (0) 3.8 (0.5) 2.7-4.7 (3) -13.6
© Beatsmin HR® 111 (17) 84-155 110 (16) 78-147 -0.6
Maximal HR = 208-0.7 x % HR ax 61 (10) 46-87 (4) 61 (9) 44-82 (2) -0.6
age (Tanaka et al. 2001) Vacuuming
Significance levels for single METs® 3.1 (0.7) 2.1-4.5 (18) 3.7 (0.6)* 2.7-5.2 (3) +21.6"
sample ¢-testsX > 3.0 METs: * kJkg h! 12.9 (2.9) 9.0-18.8 15.8 (2.6) 11.5-22.5 +23.1°
P<0.001, **P=0.003 mRMR® 3.6 (0.7) 2.5-52 (7) 43 (0.7) 3.0-5.4 (0) +21.5"
Significance levels for depen- HR® 103 (15) 76-135 112 (15) 83-145 +9.17
dent r-tests between home and % HRpax" 57 (8) 42-75 (7) 62 (8) 45-81 (2) +9.17
laboratory values: " P <0.001, Lawn mowing
P<0.05 METs 6.0 (1.0)* 4.2-8.2 (0) 5.3 (1.0)* 3.5-7.8 (0) -10.5"
Parentheses enclose the number  gjkg=!-p! 25.5 (4.4) 18.1-35.3 22.8 (4.6) 14.6-33.5 -10.5
of subjects whose self-paced mRMRP 7.0 (1.0) 5.2-9.5 (0) 6.2 (1.0) 4.2-8.2 (0) -11.0"
intensity was <3.0 METs, HR® 136 (18) 100-165 130 (19) 86-168 —4.5
<3.0 mRMR or <50% of % HR o 75 (10) 57-91 (0) 72 (11) 49-93 (1) -4.5%

HR nax
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Walking .

Sweeping

Window cleaning

Vacuuming

Lawn mowing

Fig. 1 Box plots of self-paced energy expenditures [metabolic
equivalents (METSs)] during moderate-paced walking and the four
household activities. Boxes represent the inter-quartile ranges (25th
percentile to the 75th percentile); whiskers of box plots depict the
ranges and bold lines within the boxes are the medians. Shaded
boxes represent activities performed in the home

Speed and energy expenditure

The mean (SD) moderate-paced walking speed was 5.5
(0.5) km'h™' with a corresponding intensity of 4.1
(0.7) METs. The correlation between walking speed and
energy expenditure was high (+*=0.70, SEE=0.4 MET).
This value increased (+*=0.78, SEE=0.3 MET) if one
outlier was removed from the sample. An energy
expenditure of 3-:0 METs required a walking speed of
4.4 kmh™! (Fig. 2).

The self-paced mowing speed in the laboratory set-
ting was 3.7 (0.5) km'h™" with a corresponding energy
expenditure of 6.0 (1.0) METs. The relationship
between speed of mowing and energy expenditure in
the laboratory was low to moderate (r*=0.39, SEE=
0.8 MET). Multiple regression using ‘mower mass as a
percentage of body mass’ and ‘speed of mowing’ pro-
duced the following equation to predict the energy
expenditure of mowing in the laboratory: METs=
—2.062+(0.0706 x percentage mass)+[1.254 x speed
(kmh™")]. This equation increased the explained vari-
ance and decreased the SEE to 73% and 0.5 MET,
respectively. Mowing speed [2.6 (0.7) km'h™'] and en-
ergy expenditure [5.3 (1.0) METs] in the home were
significantly lower (P <0.001) than their laboratory
counterparts, but introducing ‘mower mass as a per-
centage of body mass’ into a multiple linear regression
with speed increased the explained variance from 14%

to 45%. In the laboratory environment, there was a
weak relationship (+*=0.12, P=0.04) and a non-sig-
nificant correlation (+*=0.09, P=0.08) between speed
and energy expenditure for sweeping and window
cleaning, respectively.

Predicting energy expenditure

Table 3 presents the descriptive statistics for the pre-
dictors, whilst Table 4 contains the two random-inter-
cept regression equations for the laboratory and home
environments. Each equation has been partitioned into
activities for ease of interpretation. The significant
predictors for both equations were HR;e, CSAp,
CSA.ist and Quetelet’s index. Respiratory frequency
was also statistically selected as a significant predictor
in the laboratory equation due to its interaction with
task. This interaction was caused by a weak positive
correlation (+*=0.09) between METs and respiratory
frequency for window cleaning. However, inclusion of
respiratory frequency decreased the predictive ability
for the other activities and it was excluded from the
model because of the difficulties in measuring this
variable. Quetelet’s index was included in the models as
an expedient surrogate measure of %BF. The effect of
%BF (via DXA) on self-paced energy expenditure is
highlighted in Fig. 3, where mean METs for all activ-
ities except for vacuuming in the home (P=0.09), were
significantly lower for the ten fattest subjects (Xo,pp =
43%, Xrpm =44.8 kg, Xpm = 34.8 kg) compared with
the ten leanest ones (Xo,gr= 23%, Xprpm=43.7 kg,

The comparisons between measured and predicted
METs for the laboratory and home equations are
illustrated in Fig. 4A and C, respectively. Figure 4A
and C also highlight the minimal number of subjects
who were misclassified by the prediction equation as
exercising at a light intensity (<3.0 METs) when they
were exercising at a moderate intensity (=3.0 METs,
quadrant 2) and vice versa with predicted METs >3
when they were actually exercising at <3 METs
(quadrant 1). The predictive abilities of the home and
laboratory models were assessed by interclass correla-
tions and SEEs for the comparisons between measured
and predicted METs for the overall home (+*=0.74,
SEE=0.54 MET) and laboratory models (+>=0.84,
SEE=0.51 MET), as well as each activity separately
(Table 4).

A Bland and Altman plot (Fig. 4B) shows that the
laboratory equation under-predicted individuals’ METs
by up to 1.7 METs (mowing) and over-predicted by up
to 1.4 METs (mowing). Corresponding values for the
home equation (Fig. 4D) were an under-prediction of up
to 1.6 METs (sweeping) and over-prediction by up to 1.4
METs (mowing). However, 95% of the predictions were
within £1.0 MET and +1.1 METs of the measured
values when using the laboratory and home equations,
respectively (Fig. 4B, D).
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Table 3 Predictors’ data

(n=136) Laboratory Home Difference (%)
(home vs lab)
X (SD) Range X (SD) Range
Walking
HRe* 49 (13) 26-78 - - .
CSApip 4,467 (1,155)  2,271-6,467 - - -
CSAwie® 2,934 (1,273)  961-6,105 . y .
RF¢ 21 (3) 14-26 - - -
Borg® 11 (2) 7-13 - - -
Sweeping .
HR,.* 50 (15) 26-83 61 (15) 36-87 +23.47
CSAp;," 276 (197) 11-813 630 (297) 118-1,340 +128.0"
CSAwi® 9,278 (3,420)  4.496-17.411 10,119 (2,961)  5.216-15,717  +9.1
F* 22(2) 18-26 22(2) 18-27 +0.7
Borg? 12 (2) 9-15 12 (2) 9-15 +3.1
Window cleaning
HR,..* 49 (15) 25-82 48 (13) 24-74 -1.3
CSApip° 1,379 (717) 396-2,972 654 (334) 173-1,474 —52.6"
CSA yrist 6,274 (1,317) 3,730-8,547 5,736 (1,387) 1,852-9,028 -8.6*
RF¢ 23 (2) 17-26 23 (2) 20-27 +2.0
Borg® 11 (2) 7-15 11 (1) 814 -22
Vacuuming
. . HR, . 41 (11) 25-71 50 (12) 29-76 +22.7"

Net heart rate (Exercise CSAn," 476 (388) 51-1,960 668 (415) 79-1,596 +40.5%

HR-resting HR) _ CSAui® 3,076 (1,542)  807-6,812 3,345 (933) 1,876-5,917 +8.7
_Computer Science Applica- RF* 22 (3) 17-27 23 (2) 17-27 +2.4
tions (Counts'min™") Borg! 11 (2) 7-14 12 (1) 814 +6.2F

N ReSplril]tOI‘y Frequency (Cy- Lawn mowing
clesmin™) . HR," 74 (15) 47-103 68 (16) 33-102 -8.3*

Borg rating of perceived CSAp° 3,127 (856) 1,334-4,830 1,513 (649) 424-3,522 -51.6"
exertion CSAuris® 1,562 (471) 620-3.218 2,652 (635) 1.516-4,048  +69.8"
Dependent #-tests between RE® 22 (3) 18-28 22 (2) 18-26 27
!rlome and la];boratory values: Borg? 13 (2) 816 13 (2) 817 142

P<0.001, *P<0.05

9 7 O Walking 2 030 a heterogeneous sample to characterise the population

r =0. . . . . .« qe
© Lawnmowing ¢ SEE = 0.8 MET within this age range, thereby enhancing the validity of

8 o o : N j
o estimating the MET means.
7 0 RMR was inversely correlated with %BF (r>=0.61,
" ° P<0.001) because adipose tissue has approximately
5 6 o £ ° one-sixth the resting energy expenditure of the FFM
= Qo © (Elia 1992). Our measured RMR (X=3.0 ml'kg™"-
57 © min~"), which was significantly lower (P <0.001) than
o0 -1 -1 .

o y = 1.05x - 162 the assumed constant (3.5 ml'’kg™ ‘min~ '), might there-
F =070 fore be due to the fact that today’s average 35- to 45-
3 A SEE =0.4 MET year-old female carries a larger percentage of fat mass
: compared to the sample on which the 1 MET constant is
2 . T — . T . 1 based. Also, our volunteers had their RMRs measured
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 Wwhen post-absorptive and supine, whereas the ACSM
Speed (km.h") guidelines (ACSM 1991) state that the 1 MET constant

Fig. 2 Walking and mowing speeds versus energy expenditure
(METs) for the laboratory environment

Discussion
Descriptive data and RMR

Our sample was selected within a narrow 10-year age
range (3545 years) to control for the age-associated
decrease in VOyp.« Which would increase the relative
intensity of an absolute workload. However, we selected

approximates the V'O, of a seated individual at rest, with
no mention of whether this is for the post-absorptive
state. Unfortunately, the origin of the data on which the
1 MET constant is based was untraceable; this infers
that it might have been an arbitrary value used to sim-
plify the public health message.

Are household activities performed at a moderate
intensity?

All mean energy expenditures for the household activi-
ties, whether they were completed in the home or in the
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Table 4 Prediction of METs in the laboratory and home environments via random intercept regression models

Constant  HR,ee  /CSApp/100  CSAui/100 QI ?®  SEE® 2L00c gpplooc
Eq. 1: laboratory environment
Walking METs =  2.02 0.0233  0.408 —-0.00477 -0.06594 0.68 0.4 0.60 0.4
Sweeping METs =  3.34 0.0233  0.325 0.00069 -0.06594 0.72 04 0.64 0.4
Window cleaning METs =  3.18 0.0233  0.155 0.00853 -0.06594 0.66 0.4 0.55 0.5
Vacuuming METs = 2.70 0.0233  0.332 0.01124 -0.06594 0.67 0.4 0.59 0.4
Lawn mowing METs = 2.70 0.0233  0.462 0.03737 -0.06594 0.64 0.5 0.54 0.7
Overall 0.88 0.44 0.84 0.51
Eq. 2: home environment
Sweeping METs =  3.63 0.0222  0.373 —-0.00077 -0.07317 0.52 0.5 0.44 0.5
Window cleaning METs =  3.04 0.0222  0.373 0.00099 -0.07317 033 0.5 0.27 0.5
Vacuuming METs = 2.92 0.0222  0.373 0.01675 -0.07317 045 0.5 0.40 0.5
Lawn mowing METs = 3.23 0.0222  0.373 0.03624 -0.07317  0.73 0.6 0.65 0.6
Overall 0.78  0.46 0.74 0.54

4Quetelet’s index
® ;2 and SEE were obtained from the linear regression between
measured and predicted METs using the equations in the table

Fig. 3 METs of the ten fattest 9 M Leannest
and ten leannest subjects

[percent body fat (%BF) via |
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laboratory, were performed at an intensity >3.0 METs.
These data therefore suggest that, for 35- to 45-year-old
women, sweeping, window cleaning, vacuuming and
mowing are household chores that can contribute to the
30 min-day~' of moderate-intensity activity required to
confer health benefits. However, there was substantial
inter-individual variability in energy expenditure during
self-paced activities in the home (Table 2: large SDs and
ranges), even though tight control was exerted over
potential confounding factors, such as previous exercise,
smoking, caffeine intake and thermic effect of food.
Furthermore, this large inter-individual variation re-
mained when the environment was standardised in the
laboratory so that everyone performed the activities on
the same windows, patch of lawn, path and carpet. The
likely reasons for these large variations include between-
subject differences in aerobic fitness and psychological
approach. We suggest that someone who is fitter or
motivated will tend to self-pace him-/herself at a higher
intensity than a less-fit or unmotivated subject. Differ-
ences in mechanical efficiency might also contribute to a

Sweeping

Lawn
mowing

Lawn
mowing

Window Vacuuming
cleaning

Window Vacuuming
cleaning

Sweeping

small percentage of the variation in exercise intensity.
Even though all mean energy expenditures were >3.0
METs, not all individuals performed these activities at
an intensity which was adequate to confer health bene-
fits (Table 2). For instance, sweeping in the home was
performed at an intensity >3.0 METs by all subjects,
but seven subjects performed sweeping in the laboratory
at a light intensity. One should therefore be cautious
about applying our findings to individuals but classify-
ing sweeping, vacuuming, window cleaning and lawn
mowing in the same category as moderate-paced walk-
ing in epidemiological studies appears to be warranted.

Unless the cleaning is for employment purposes, the
energy expenditure measured in the subjects’ homes is
the most valid representation of the ‘real’ intensity of the
four household activities. Our mean METs for sweeping
(4.0 METs), window cleaning (3.3 METs), vacuuming
(3.7 METs) and mowing (5.3 METs) in the home are
comparable to those of 4.0, 3.0, 3.5 and 5.5 METs,
respectively, in Ainsworth’s revised compendium
(Ainsworth et al. 2000). However, single-sample #-tests
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revealed our mean METs to be significantly higher than
the compendium values for window cleaning (3.3 vs 3.0,
P=0.003) and vacuuming (3.7 vs 3.5, P=0.03). The
multitude of factors that can affect self-paced energy
expenditure (aerobic fitness, environment, equipment,
psychological approach, mechanical efficiency) suggest
that mean METs for the same activity performed in
different environments/terrains and in subjects of dif-
ferent age, gender, fitness and race will be extremely
variable. Self-paced vacuuming is an example with mean
METs of 2.6 (n=10, Luke et al. 1997), 3.0 (n=25,
Hendelman et al. 2000), 3.1 (n=20, Wilke et al. 1995),
3.5 (n=9, Bassett et al. 2000), 3.9 (n=11, Strath et al.
2001) and 4.0 (n =33 to 44, Welk et al. 2000), whereas we
measured a mean of 3.7 METs and the compendium
assigns a value of 3.5 METs. Even though the rigorous
nature of data collection suggests that our mean value is
accurate for our group, this value may not necessarily
apply to other groups of people (e.g. males, athletes,
elderly). Our means of 4.0, 3.3, 3.7 and 5.3 METs for
sweeping, window cleaning, vacuuming and mowing,
respectively, should therefore only be applied to 35- to
45-year-old females, with similar physical characteris-
tics, who perform the tasks in their homes using com-
parable equipment (i.e. upright vacuum, push mower).

METs versus multiples of mRMR

When VO, was expressed as multiples of mRMR, the
means for all activities increased significantly compared

to METs (Table 2). This increase was due to our sig-
nificantly lower RMR (3.0 ml O,kg™"'min~ ) com?ared
with the 1 MET constant of 3.5 ml Oykg™''min~'. Al-
though the MET constant ignores the substantial inter-
individual variability in RMR (our range = 2.2 to
3.7 ml'’kg "min~"), METs can be converted to VO,m-
kg "min~" simply by multiplying by 3.5. We cannot
therefore justify a change to mRMR because RMR
would have to be measured; furthermore, all physical
activity recommendations are based on the 1 MET
constant.

Home and laboratory comparison

The four household activities were performed at signif-
icantly different intensities at home compared to the
laboratory, even though subjects were always instructed
to perform the activities ‘at a pace they would normally
do them at home’. This suggests that self-paced energy
expenditure is somewhat dependent on the terrain or
environment in which the activity is performed and that
‘psychological influence’ or ‘mental approach’ during
self-paced activities might also play a role in determining
the energy expenditure of a task. For example, vacu-
uming energy expenditure increased by 22% when the
subjects performed the task at home compared with the
laboratory. In the laboratory, an 18.5-m” carpet was
vacuumed repeatedly for 15 min, which most subjects
felt was ‘boring and tedious’. However, in their own
homes they were mostly completing some of their weekly
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housework and were subjectively more motivated to
perform the task. Indeed, the increase in CSAy,,
counts'min”" in the home (laboratory: 476 counts'min™;
home: 668 counts'min~!) indicates that the subjects’
energy expenditure increase was due to a greater pace. A
similar scenario was apparent for sweeping, which the
women classified as boring in the laboratory; but, in the
home, a 17% increase in energy expenditure was re-
flected by a doubling of the mean CSAy;, count (labo-
ratory: 276 counts'min”'; home: 630 countsmin™"').

In contrast, the mean energy expenditure during
mowing and window cleaning decreased in the home
environment by 11% and 13%, respectively. It is pos-
sible to speculate that during these activities, the
restrictive environment in the subjects’ homes (smaller
lawn area and smaller, further apart windows) may have
overridden the extra motivation for doing the tasks;
hence, their energy expenditure decreased. This is dem-
onstrated during mowing where mean speed (laboratory:
3.7 kmh™'; home: 2.6 km-h_l) and CSAy;, counts (lab-
oratory: 3,127 countsmin~'; home: 1,513 countsmin_l)
were significantly reduced in the home compared with
the laboratory setting whereas the higher mowing
CSA is counts in the home (home: 2,652 countsmin™;
laboratory: 1,562 countsmin™') reflected the additional
manoeuvring of the mower around the home garden.

Although previous investigators have measured
household activities in the home or the laboratory, this
study and our previous work (Gunn et al. 2003) are the
only ones which, to our knowledge, have compared
these two environments. Interestingly, the same trend
for the laboratory and home comparisons was reported
for the same age group of Australian males (Gunn et al.
2003).

Speed and energy expenditure

Speed correlated significantly with energy expenditure
(r*=0.70, P<0.001; Fig. 2) during walking. Our mean
‘moderate’ walking speed of 5.5 km'h™ (4.1 METs) is
comparable to the speed and energy expenditure re-
ported by Hendelman et al. (2001) (5.7 kmh™!, 4.1
METs) and covertly observed walking speed of 82
walkers in a public park (5.6 kmh™!; Murtagh et al.
2002). In contrast, the compendium (Ainsworth et al.
2000) has assigned a lower speed and energy expenditure
(4.8 km'h™'; 3.3 METs) to ‘moderate’-paced walking.
Furthermore, ‘brisk’-paced walking is reported as
5.6 km'h™! in the compendium (Ainsworth et al. 2000),
whereas measured values are 6.4 km'h™' (Strath et al.
2001), 6.4 kmh™' (Murtagh et al. 2002) and 6.7 km'h™'
(Hendelman et al. 2000). These data therefore suggest
that the speeds and energy expenditures for moderate-
and brisk-paced walking in the compendium need to be
revised. Alternatively, the higher values in our and other
experiments (Hendelman et al. 2000; Strath et al. 2001)
might be due to the subjects pacing themselves at a
higher intensity when they are being measured. One way

to circumvent this Hawthorne effect is to covertly
observe the speed of walkers; however, it is impossible
to assign a verbal prompt such as ‘moderate’ and ‘brisk’
to the pace at which covertly observed subjects walk.
The speed of walking is therefore primarily influenced by
the environment (e.g. shops vs public parks) and/or the
purpose of the activity (e.g. general walking vs exercise
walking). For example, covertly observed walkers
ambulated at 4.5 kmh™! in a shopping centre (Finley
and Cody 1978), whereas substantially higher mean
values of 5.6 kmh™' (Murtagh et al. 2002) and
6.4 km'h™! (Spelman et al. 1993) have been reported in a
public park and around an exercise track, respectively.
Compendium estimates for moderate- and brisk-paced
walking can therefore only be based upon measured V'O,
values.

Pushing a 31-kg mower imposed a greater physio-
logical load on the lighter subjects compared with the
heavier ones (Fig. 2). The correlation between mowing
speed in the laboratory and energy expenditure
(*=0.39, SEE=0.8 MET) was therefore substantially
lower than for walking. The correlation between mow-
ing speed and energy expenditure in the home setting
was further attenuated (#*=0.14, SEE=1.0 MET) by
the revolution counter’s inability to accurately measure
distance due to the back-and-forward motion for
mowing small areas, the slopes of the lawns and vari-
ability in the amount of manoeuvring around garden
beds.

Predicting energy expenditure

The combination of HR,e, CSApj,, CSAyrig and
Quetelet’s index resulted in two equations that predicted
energy expenditure in the home and laboratory for 35-
to 45-year-old women with 95% confidence intervals
(CIs) of £1.1 METs and +1.0 MET, respectively,
during walking, sweeping, window cleaning, vacuuming
and mowing (Fig. 4B, D). HR,,.; was used in the pre-
diction equations because it explained a greater pro-
portion (44%) of the variation in energy expenditure
than HR alone (35%). By themselves, the wrist-
(*=0.04, P<0.05) and hip- (*=0.26, P <0.05) located
CSA monitors correlated weakly with energy ex-
penditure. However, when they were included in the
prediction models, both CSAy;, and CSA,. signifi-
cantly (P <0.05) contributed to the prediction of energy
expenditure. Our results suggest that %BF influences
self-paced energy expenditure (Fig. 3). This is because
an increase in %BF may be associated with a decrease in
aerobic fitness (Jackson et al. 1990); hence, energy
expenditure during self-paced household tasks is also
likely to decline. Our 95% CI is somewhat smaller than
the +1.3 (Haskell et al. 1993), £1.7 (Luke et al. 1997)
and £1.5 METs (Strath et al. 2001) reported by others
who have utilised individual analyses to predict the
energy expenditure of various activities via combined
HR and motion-sensor techniques. Individual analyses



require each subject’s HR to be ‘calibrated’ to their VO,
at several submaximal workloads using a graded exercise
test. Although development of a HR-VO, regression for
each subject controls for the effect of aerobic fitness on
HR response during submaximal exercise, it is time
consuming and thus unsuitable for large-scale epidemi-
ological studies. In comparison, when Luke et al. (1997)
and Haskell et al. (1993) performed a single-regression
analysis on grouped data, their respective 95% ClIs
expanded to +£2.4 METs and +3.0 METs, respectively.
Our equations do not require an ergometer and indirect
calorimetry system that are essential for generating
individual HR-VO, regressions.

Although our random intercept regression model
accounts for nested data within an individual and pro-
duces an overall best-fit model for the laboratory and
home environment, it assigns different coefficients to
some predictors that have an interaction with activity
(e.g. CSA,is)- Hence, the overall laboratory and home
models can be written as five and four separate equa-
tions, respectively. The different coefficients for each
activity prevent our equations from being validated
against other household activities, thereby reducing their
generalisability.

In the context of moderate-intensity exercise ranging
between 3 METs and 6 METs, a CI of 1.1 METs lacks
predictive precision. The error term is approximately
+15% to £30% of the upper (6 METs) and lower
limits (3 METs) of moderate-intensity exercise, respec-
tively. Also, expressing the 95% CI in METs somewhat
conceals the physiological significance of the real error
involved. For example, the probability is 0.95 that a
subject with a measured VO, of 10 mlI'’kg™"'min™" (2.9
METs) will have a predicted VO, within the range of 6.2
ml Oykg "min~' to 13.9 ml O,kg™"'min™" using our
equations.

Another limitation of our laboratory equation, which
uses a weighted combination of four predictors, is that
energy expenditure during level-terrain walking can be
predicted with comparable precision using speed only.
Also, persons who do not have similar physical char-
acteristics and aerobic fitness levels (including Quetelet’s
index) to our sample are likely to have their energy
expenditures under- or over-estimated. For example, a
subject with a substantially higher Quetelet’s index than
the remaining sample had her energy expenditure
underestimated using the LOO method by —1.3 METs to
—1.6 METs (Fig. 4B, D). This underestimation was due
to the fact that the negative regression weight for
Quetelet’s index was too high for very large indices.
Finally, as measured energy expenditure gets closer to
3.0 METs, the probability of the subject being misclas-
sified into the wrong exercise category (light or moder-
ate) increases (Fig. 4A, C). However, the mean
differences between predicted and measured METs for
the 20 and 14 misclassified subjects in the laboratory
(Fig. 4A) and home models (Fig. 4C) were 0.45 MET
and 0.54 MET, respectively.

647

Conclusions

1. Our data suggest that self-paced lawn mowing (5.3
METs), sweeping outdoor paths (4.0 METs), vacu-
uming (3.7 METs) and window cleaning (3.3 METs)
are all performed in the home at a mean intensity
>3.0 METs by 35- to 45-year-old Australian females.
These household activities can therefore contribute to
their accumulated 30 min-day™' of moderate-inten-
sity physical activity required to confer health bene-
fits. However, due to large inter-individual variability
associated with self-paced energy expenditure, it is
unlikely that all individuals will perform these activ-
ities at an intensity >3.0 METs.

2. We are the first to demonstrate a significant difference
(P<0.001) in self-paced energy expenditure between
the home and laboratory settings for household ac-
tivities. This highlights that factors such as environ-
ment/terrain and motivation to perform a task affect
self-paced energy expenditure.

3. Our regression equations lack predictive precision for
estimating energy expenditure from HR,e, CSAy;,,
CSA.ist and Quetelet’s index.
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