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The modified obstetric metabolic equivalent (MET):
finding a MET that fits in pregnancy

C. G. Campbell*, R. C. Foster, L. M. Lanningham-Foster and K. M. Smith
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The Compendium of Physical Activities (CPA) provides the energy expenditure (EE) for hundreds of daily activities reported in metabolic
equivalents (MET). It remains to be determined if the metabolic changes of pregnancy alter the use of the CPA MET (METcp,) in this
population. The energy cost of rest, activities of daily living (ADL; typing, folding laundry and sweeping) and treadmill walking [2.0, 2.5,
3.0 mph (0% incline), 3.0 mph (3% incline)] were compared with the MET cpa from the 2000 and 2011 CPA in 30 pregnant women (10-14
weeks gestation) using indirect calorimetry (IC). The MET cpy for each activity was compared against two measured IC values: MET jps01uce
(3.5 ml O,/kg/min) and MET i (EE,ciiviey/EErest). Means for both comparisons were tested by one-sample #-test. Measured MET correlated
with the 2011 MET cpa: MET jpcotue o MET cpa R* = 0.906, P << 0.0001; MET ;o . MET cpa R = 0.861, P < 0.0001. Differences between
measured MET values and the 2011 MET cpa ranged from 16% underestimation to 48% overestimation. Using the absolute definition, the
METcpa significantly overestimated the ADL (P <<0.0005); yet, no significant differences were found between walking at 0% grade and
METcpa. Conversely, only folding laundry was significanty different with the ratio definition, whereas walking at a level grade was
significantly underestimated (2 <C0.0001). Similar observations were found using the 2000 CPA. The use of the MET cpa to estimate EE in
pregnant women can result in significant over- or underestimation, depending on the activity and the definition of the MET that is used.
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Introduction In the non-pregnant state, total energy expenditure (EE) is

759
The extent of weight gain during pregnancy plays a major defined as the sum of energy expended at rest (60-75%),

role in the health and future weight status of mothers and
babies. Evidence supports that maternal pre-pregnancy

digesting and absorbing food (~10%) and during activity
(~25-30%)."" Using this information, a system was developed
where the energy of an activity was expressed as a multiple of the
resting metabolic rate and is now commonly known as the
metabolic equivalent of task (MET)."? A compendium  of
hundreds of activities was developed based on the resting oxygen
consumption defined as 3.5 ml Oz/kg/min.12 An updated ver-
sion of the Compendium was published in June 2011" with
additional MET values based on measured data. The MET

system has been widely used to evaluate the effectiveness of PA

weight status and excess weight gain are independent risk
factors for gestational diabetes (GDM) as well as future
maternal and child obesity."” The development of accurate
physical activity (PA) assessment methods for pregnant women
is an underdeveloped yet emerging area of research. The use of
validated instruments in this population can improve the ability
to assess the relationship between maternal PA, gestational

weight gain and infant health outcomes. programs and is currently the terminology used for public health

recommendations in the first ever United States Physical Activity
Guidelines for Americans.'*

The MET system is commonly used to quantify EE and
categorize the intensity of PA in pregnant women; however,
the MET system has not been shown to be valid in pregnancy.
Chasan-Taber ez "> found a significant difference between the
MET measured in pregnant women via indirect calorimetry (IC)
compared with the 2000 compendium MET for four household
tasks. Furthermore, researchers have speculated that a MET for a
specific activity may be lowered as pregnancy advances due to
increases in basal metabolic rate (BMR) associated with preg-

The American Congress of Obstetricians and Gynecologists’
guidelines recommend that all women with a normal preg-
nancy participate in 30 min of PA on most days of the week.®
In a joint statement from the American Diabetes Association
and the American College of Sports Medicine, it was stated
that moderate levels of exercise can lower maternal blood
glucose associated with GDM and higher levels of exercise
may reduce the risk of developing GDM.” Despite these
recommendations, very few pregnant women engage in

regular PA.S1O
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prior work by including rest, additional activities of daily living
and walking. The purpose of this study was to assess the accuracy
of the compendium MET from the 2000 and 2011 versions to
predict EE in early pregnancy.

Methods and procedures
Subjects

Thirty-six healthy pregnant women were recruited in and
around a mid-sized Midwestern American town. Primary
recruitment methods included mass emails to faculty, staff
and students at the local university, advertisements placed
online, on-campus and in the community, including local
obstetric clinics. Six subjects withdrew from the study after
enrollment or were excluded due to pregnancy complications,
therefore, 30 women were included in the analysis.
Participants were recruited between May 2010 and April
2011. Inclusion criteria consisted of maternal age between 18
and 45 years of age, a singleton pregnancy between 10 and 14
weeks gestation, and ability to walk on a treadmill at a light
and moderate pace (maximum speed 3.0 mph with 3% incline)
for ~30min consecutively. Participants were excluded if they
smoked or had a history of chronic disease, including thyroid
conditions. Permission to participate and confirmation of qua-
lification criteria was received from each participant’s obstetric
medical provider. The study design was approved by the
Institutional Review Board at the local university. All subjects
provided written informed consent prior to participation.

Testing protocol
For all study appointments, participants reported to the

clinical research center. Each subject completed two visits; the

Table 1. Comparison of Compendium v. measured MET

first visit included signing of the consent form and comple-
tion of a medical history questionnaire. The second visit
included an assessment of EE at rest (EE.) and during
activities of daily living (ADL) and treadmill walking using an
IC (ParvoMedics, Salt Lake City, UT, USA); height and
weight were also measured. Following an overnight fast, the
procedure for the resting measurement required the subject to
lie down quietly for 25 min to reach a metabolic steady state.
After the assessment of EE at rest, a snack was offered to
each woman providing ~250 keals. The total thermic effect
of food for this snack would be ~25kcals and would
have minimal impact on EE throughout the remainder of
the appointment. The standardized daily activities were
conducted for 7 min each with 2 min of rest between non-
treadmill activities. The activities included computer typing
(typing on a standard sized keyboard from a standard script
while seated), folding laundry (folding the same basket of
clothing while lab personnel unfolded items to sustain the
activity for 7min in length), sweeping (sweeping a pile
of Lego® blocks back and forth between two marked spots
3m apart on an uncarpeted floor at a self-selected pace)
and walking on a calibrated treadmill (C956i, Precor Inc.,
Woodinville, WA, USA) at treadmill settings of 2.0, 2.5 and
3.0 mph at 0% incline and 3.0 mph at 3% incline. See Table 1
for the corresponding MET values for the activities evaluated.

Anthropometric and demographic data

Pre-pregnancy weight was obtained via self-report on the
medical history questionnaire at the first visit. Current weight
was measured at both visits (Detecto Model 6855 Cardinal
Scale, Manufacturing Co., Webb City, MO, USA) to the
nearest 0.1kg. Height was measured (Ayrton 226 Hite-
Rite Precision Mechanical Stadiometer, Quick Medical GS,

ACtiVil’y 2000 METCPA (COdC) 2011 METCPA (COdC) METabsolute METratio
Rest 1 (07011) 1.3 (07011) 0.88 = 0.09*¢ N/A
Type 1.5 (11770) 1.3 (11770) 1.11 +0.23%¢ 1.27 £0.22°
Fold 2 (05090) 2 (05090) 1.62 +0.21 1.85 +0.23%4
Sweep 3.3 (05010) 2.3 (05011) 1.89 * 0.32%¢ 2.15+0.37%4
Walk (2 mph, 0%) 2.5 (17152) 2.8 (17152) 2.79 +0.22° 3.21 +0.32%¢
Walk (2.5 mph, 0%) 3.0 (17170) 3 (17170) 3.12*0.27 3.59 *0.38%¢
Walk (3 mph, 0%) 3.3 (17190) 3.5 (17190) 3.57 £0.27° 4.11 +0.41>4
Walk (3 mph, 3%) 4.5 (% 5.3 (17210) 4.49 +0.28° 5.18 = 0.56

MET, metabolic equivalent; CPA, Compendium of Physical Activities; EE, energy expenditure.

The METpa is the MET published for the activity in the CPA'> 13 along with the compendium code unless *calculated from the MET
equation for walking.35 The MET jps0luce is the total oxygen consumption during an activity divided by 3.5 ml O,/kg/min. The MET ,, is the
EE of the activity divided by the EE of rest.

Significance is denoted as follows: *the 2000 MET cpy is significantly different from the MET jpgoluees < 0.0001; ® the 2000 MET cpy is
significantly different from the MET 0, £<<0.005; “the 2011 METcpa is significantly different from the MET jpsoluee 2 < 0.0005;

dthe 2011 METcpy is significantly different from the MET | ;,, 2 <<0.005. No letter listed indicates no significant difference.

Values are mean % s.D.
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Snoqualmie, WA, USA) to the nearest 0.1cm. Subjects
reported their age, education level, parity and number of
pregnancies (including the current pregnancy) on the medical
history questionnaire at the time of enrollment. Participants
were also asked to classify their ethnicity as American Indian
or Alaska Native, African American, Caucasian, Asian, Hispanic
or other.

Data analysis

EE was measured by IC. This reference measure has been
shown to correlate well with doubly labeled water.*'** EE
was predicted by examining the oxygen and carbon dioxide
content of expired gases (O, and CO,) and expired gas flow.
The EE was calculated by the calorimeter as the average of a
15-second epoch. To analyze the EEggg data, the first
10 min were discarded to ensure that a steady resting state
was achieved. Additionally, the last two epochs were dis-
carded as many participants started to become restless near
the very end of the testing period, thus 15 min of data were
analyzed. For the EE data from the ADL and walking, the
first 33 min

and the last two epochs were discarded to ensure that the
participant had achieved a steady state; therefore, 3 min of
data were analyzed.

Statistical analysis

EE measured by the IC was converted to a MET value by two
different methods.>*?> For the MET, e 1 MET was
defined as 3.5 ml O,/kg/min, thus the MET of an activity was
calculated by dividing the total oxygen consumption during
an activity by 3.5 ml O,/kg/min. For the MET ,;,, the MET
was defined as the energy cost of the specific activity divided
by the energy cost at rest. The difference between the mea-
sured MET (MET psolue and MET ;i) and the MET cpa
(2000 and 2011) was assessed using a one-sample #test for
each activity using the METcpa as the hypothesized mean.
The MET values were also assessed using regression and
Bland-Altman analysis to examine the goodness of fit
between the measured MET and published MET (MET cpp).
Data are presented as mean * s.0. Overall significance was
assumed at P <<0.05. For multiple comparisons, a Bonfer-
roni-corrected significance level was used to obtain an overall
significance level at 2<<0.05.

Results

Mean age of the participants was 28.5 * 4.0 years and the
mean pre-pregnancy body mass index (BMI) was
23.8+3.3 kg/mz. The average length of gestation for the
participants was 12.6 = 1.4 weeks. Most of these women were
educated (83% had at least a bachelor’s degree, n=25),
predominantly Caucasian (93%, » = 28), and married (93%,
n=28). For 47% (n = 14), this was their first pregnancy.
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Absolute definition

When one measured MET was defined as 3.5 ml O,/kg/min,
MET spsoluee  values were significantly different from the
METcpa from the 2000 Compendium of Physical Activities
(CPA) for all activities except walking at 2.5 mph, and
3.0mph at a 3% incline (?<<0.0001). EE for ADL were
overestimated (P<0.0001), whereas walking was under-
estimated (2<<0.0001; see Fig. 1a). When the MET values
from the 2011 CPA were compared with the MET jpoluces
level walking was not significantly different, however, ADL
were significantly overestimated (P<<0.0005; see Fig. 1¢).

Ratio definition

When the measured MET was defined as the EE of an activity
divided by EE at rest and compared with the corresponding
MET values from the 2000 CPA, all ADL were significantly
overestimated (P<0.005) and walking at all speeds and
inclines were significantly underestimated (P<<0.0001; see
Fig. 1b). When the MET,,;, was compared with the 2011
CPA values, typing and sweeping were not significantly
different; yet, level walking remained significantly under-
estimated (< 0.0001; see Fig. 1d).

Regardless of how the MET was defined, the MET values
from the 2000 and 2011 CPA correlated well with the
measured EE (see Table 2). The differences between the
METcpa and the measured MET values ranged from 22%
underestimation to 75% overestimation (Table 3) and were
non-linear for both definitions of the MET (MET ,p¢o1uee and
MET,.;,) for all activitdes (see Fig. 2a and 2c using 2011
CPA). Although the correlation between measured MET
values and METcpa is strong (see Table 2), the residuals
display the discrepancies between ADL and treadmill walk-
ing. The 2011 CPA values appear to overestimate for ADL
when using the absolute definition (see Fig. 2b); yet, walking
is underestimated with the ratio definition (see Fig. 2d;
graphical representation of data compared with the 2000
CPA not shown). The differences in the regression equations
(see Table 2) demonstrate that a single linear transform
cannot correct compendium values to more accurately reflect
measured IC values.

Discussion

The purpose of this study was to assess the accuracy of the
CPA to predict EE in early pregnancy. Results of this study
demonstrate that the MET published in either version of the
CPA overestimates EE of the ADL tested and underestimates
EE of treadmill walking at certain speeds in pregnant women.
The estimation of EE is improved with the use of new codes
published in the 2011 CPA. The intent of the CPA was not
to estimate EE of all subjects irrespective of physical or
metabolic conditions.'? Despite this fact, the METcpa is
commonly used to predict and assess EE'”° and is a com-
ponent of PA recommendations.”*?” To address these
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Fig. 1. Comparison of the published metabolic equivalents (MET) and energy expenditure (EE) measured by indirect calorimetry in
pregnant women. MET cp, is represented by the bar. The mean measured MET is represented by a horizontal line. Individual subject data
points are shown for each activity as open circles. P-values are shown by asterisks above the graph where *P<0.005, **P<0.0005 and
P <0.0001. MET cpa: Compendium MET; MET 10 total oxygen consumption during an activity divided by

3.5 ml O,/kg/min; MET ,;,: EE of the activity divided by the EE of rest; EE,cyiey: EE of the activity; EE,.,: EE at rest.

Table 2. Regression parameters for Compendium v. IC

2000 CPA 2011 CPA

Model Slope Intercept R Slope Intercept R

MET,opee (all) 1.02 —0.22 0.779 0.93 ~0.08 0.905
MET, ., (all) 1.21 —0.38 0.685 1.03 0.07 0.861
MET o1uce (walking) 0.85 0.68 0.851 0.63 1.17 0.827
MET, i, (walking) 0.99 0.77 0.867 0.73 133 0.727
MET,p ot (ADL) 0.45 0.5 0.696 0.87 —0.14 0.691
MET,, (ADL) 0.44 0.76 0.727 0.84 0.17 0.670

IC, indirect calorimetry; CPA, Compendium of Physical Activities; MET, metabolic equivalent; ADL, activities

of daily living; EE, energy expenditure.

The MET jpoluce is the total oxygen consumption during an activity divided by 3.5 ml O,/kg/min. The MET 4,
is the EE of the activity divided by the EE of rest. Slopes and intercepts of the regressions are the values required to
transform a given Compendium MET (METpa) to a measured EE by IC given by the equation:

EE;c = METcpa X slope + intercept. The squared correlation coefficient (R*) and the significance of the fits are

also shown. All &% values are significant; << 0.0001.

differences in relative EE across the life cycle, new compendia
have been developed for other special populations, including
children,?® and the current study demonstrates that pregnant
women may also require a separate compendium.

BMR has been shown to increase as pregnancy pro-
gresses.'“*% In a review by Butte based on 261 women
from eight studies, it was found that the average increase in
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BMR was 4%, 10% and 24% during the first, second and
third trimesters, respectively.”’ However, this increase in
BMR is not always predictable and it may even decrease
during the first part of pregnancy and persist into the second
half of pregnancy.’’ Using a one-size-fits-all approach to
predict EE in pregnant women may be confounded by this
change in BMR. For example, if resting EE increases but the
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cost of activities do not, the ratio of EE of an activity to rest
would narrow, and a given activity would have a lower MET
value.""** If the energy cost of resting EE remains constant

Table 3. Magnitude of differences (%) between measured and Com-
pendium MET

METabsolute METratio
Activity 2000 2011 2000 2011
Rest —14 —48 N/A N/A
Type =35 -17 —18 -2
Fold —-23 —23 -8 -1
Sweep =75 =22 =53 =7
Walk (2 mph, 0%) 10 0 22 13
Walk (205 mph, 0%) 4 4 16 16
Walk (3 mph, 0%) 8 2 20 15
Walk (3 mph, 3%) 0 —18 13 —2

MET, metabolic equivalent; EE, energy expenditure.

The MET js0luce is the total oxygen consumption during an activity
divided by 3.5 ml O,/kg/min. The MET,;, is the EE of the activity
divided by the EE of rest. The criterion was defined as the measured
MET (MET spsoluce ©f MET ,40); therefore, negative values indicate
overestimation.

Accuracy of the MET in pregnancy 163
but the cost of PA increases, the MET in pregnancy would
increase. Although this study was conducted at early preg-
nancy there are still differences between measured EE and
published MET values.

This study demonstrates that while the MET cpp appears to
provide an overall good correlate to EE in pregnancy, it may
not be accurate enough to use unmodified for PA assessment
in pregnant women. These findings are in agreement with the
work published by Chasan-Taber ez 4l."> Differences in MET
values were observed during pregnancy for four household
tasks (window washing, dusting, vacuuming and laundry).
Mean MET values differed from the respective METcpa
values by as much as 43% higher than the METcpa for
laundry and 23% lower than the METcpa for vacuuming.
No significant differences in measured MET values were
found across trimesters, further supporting our findings in
early pregnancy.

Our study represents how the ambiguity regarding the
definition of the MET (either an absolute measure of EE or a
ratio of activity EE to rest) can provide different MET values
for the same activity (see Table 1). Research has shown that
the standard MET for rest (3.5 ml O,/kg/min) is generally
inappropriate for most individuals.>>34 Additionally, the
resting MET value of the pregnant women evaluated in the
current study was significantly different than the resting MET
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Fig. 2. Analysis of fit between the published metabolic equivalents (MET) and energy expenditure (EE) measured by indirect calorimetry
for activities of daily living (ADL) and walking in pregnant women. Fig. 2a and 2b shows the regression and the Bland—-Altman plot for
the MET cpa . MET jpeoluee using the 2011 CPA. Fig. 2¢ and 2d shows the regression and the Bland-Altman plot for the MET cpa v. the
MET .0 Regressions (24, 2¢) are shown for all activities together (fine dotted line) as well as differentiated between ADL activities (open
circles/dash-dot line) and treadmill walking (filled squares/dashed line) against the line of equality (solid line). Bland—Altman plots (24,
2d) use the same representations except that the representative lines show average residual for all activities (fine dotted line), ADL activities
(dash-dot line) and treadmill walking (dashed line). MET cpa: Compendium MET; MET p1ue: total oxygen consumption during an activity
divided by 3.5 ml O,/kg/min; MET,;.: EE of the activity divided by the EE of rest; EE iy EE of the activity; EE,: EE at rest.
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value reported in either CPA (see Table 1). Until more is
known about the MET in pregnancy, it is important to
approach MET levels using both definitions.**%’

The findings in this study illustrate distinct disparities

between measured METs and those published in the CPA,
and these disparities have important implications. The
METcps overestimates EE for the measured ADL yet
underestimates the EE of walking. These differences are
small, but since light intensity activities are engaged in for
very large portions of the day, the difference could cause
substantial overestimation of a woman’s total daily EE. For
example, using the 2011 MET cpa to assess the daily EE of a
64 kg test subject (the average pre-pregnancy weight of our
sample), for a typical 24-hour day including 8h of sleep
(1.0 keal/kg/h X 64 kg X 8 h), 15 h of light intensity activities
(2.0 kecal/kg/h X 64 kg X 15h) and 1h of moderate exercise
(3.5 keal/kg/h X 64 kg X 1h), EE would equal 2656 kcals.
Estimating EE with the measured MET (MET jp01u) equates
to 2231kcals per day [(0.875 kcal/kg/h X 64kg X 8h) +
(1.62 keal/kg/h X 64 kg X 15 h) + (3.57 keal/kg/h X 64 kg X
1 h)]. Overall, for our example, use of the MET cp4 results in
an overestimation of ~ 425 kcals. If the MET p, values were
used in an epidemiological setting to assess associations
between maternal exercise and chronic disease, this over-
estimation of EE could result in inappropriate conclusions
concerning the effects of prenatal PA.

The non-linear nature of the fits between the measured
MET values and METpy presents a particular problem. If
the fits were linear (i.e. if they overestimated across the entire
spectrum of activity), a correction factor could be applied and
the METcpa could be linearly transformed to give a repre-
sentation of the MET during pregnancy. Our study showed
that this is not the case. As there is an imbalance in the time
spent in light activity ». more intense activity, these errors cannot
be expected to ‘average each other out’. The pregnant women we
tested expended different MET values than the CPA; however, it
remains to be determined whether these differences are due to
pregnancy or simply being female.'® Future studies will need to
distinguish the role that these factors have on prediction of EE in
pregnant and non-pregnant women.

This study had limitations. We chose relatively few activ-
ities for measurement, yet we selected a range of activities that
reflected typical activides and MET levels that pregnant
women would engage in throughout the day. Additional ADL as
well as higher intensity tasks should be evaluated in future stu-
dies. The activities were conducted in a laboratory environment
to provide a controlled setting to minimize additional variables
that could increase measurement error. Finally, the participants
were tested during early pregnancy and the sample population
was limited in terms of race and BML

Prediction of EE in pregnant women is improved with the
use of the 2011 CPA. The disparity that exists between the
METcps and measured EE is significant and non-linear;
therefore the MET, as described in the CPA, may be inap-
propriate to quantify PA in pregnant women. Prenatal public
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health recommendations rely on an accurate assessment of
PA. Considering the potential health ramifications of over- or
underestimating EE during pregnancy and the association
with future chronic disease, additional work is needed to more
accurately assess prenatal PA. There is a need for pregnancy-
specific MET values, or modified obstetric MET, MOM-E. The
MOM:-E could be udlized in research and clinical settings to
evaluate and promote PA as a means to achieve appropriate
weight gain, healthy babies and ultimately impact the obesity
epidemic.
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