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Background: In clinical practice, in the absence of objective measures, simple methods to
predict energy requirement in patients with chronic obstructive pulmonary disease (COPD) needs
to be evaluated. The aim of the present study was to evaluate predicted energy requirement in
females with COPD using pedometer-determined physical activity level (PAL) multiplied by
resting metabolic rate (RMR) equations.
Methods: Energy requirement was predicted in 18 women with COPD using pedometerdetermined PAL multiplied by six different RMR equations (Harris–Benedict; Schofield; World
Health Organization; Moore; Nordic Nutrition Recommendations; Nordenson). Total energy
expenditure (TEE) was measured by the criterion method: doubly labeled water. The predicted
energy requirement was compared with measured TEE using intraclass correlation coefficient
(ICC) and Bland–Altman analyses.
Results: The energy requirement predicted by pedometer-determined PAL multiplied by six
different RMR equations was within a reasonable accuracy (±10%) of the measured TEE for
all equations except one (Nordenson equation). The ICC values between the criterion method
(TEE) and predicted energy requirement were: Harris–Benedict, ICC =0.70, 95% confidence
interval (CI) 0.23–0.89; Schofield, ICC =0.71, 95% CI 0.21–0.89; World Health Organization,
ICC =0.74, 95% CI 0.33–0.90; Moore, ICC =0.69, 95% CI 0.21–0.88; Nordic Nutrition Recommendations, ICC =0.70, 95% CI 0.17–0.89; and Nordenson, ICC =0.40, 95% CI -0.19 to
0.77. Bland–Altman plots revealed no systematic bias for predicted energy requirement except
for Nordenson estimates.
Conclusion: For clinical purposes, in absence of objective methods such as doubly labeled water
method and motion sensors, energy requirement can be predicted using pedometer-determined
PAL and common RMR equations. However, for assessment of nutritional status and for the
purpose of giving nutritional treatment, a clinical judgment is important regarding when to
accept a predicted energy requirement both at individual and group levels.
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Involuntary weight loss is common in patients with chronic obstructive pulmonary
disease (COPD) and occurs in approximately 25%–50% of patients,1,2 and can be a
result of an inadequate dietary intake combined with increased total energy expenditure (TEE).3 Low body weight (BW) and/or low fat-free mass (FFM) are related to
increased mortality.4–6 Females with COPD seem to have higher prevalence of low
body mass index (BMI) as well as low FFM index (FFMI) than male COPD patients.1
Malnutrition, prevalence of symptoms, susceptibility to smoking, frequency of exacerbations, impairment of quality of life, hyper-responsiveness of airways, triggering
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stimuli, response to treatment, and depression are more often
seen in females with COPD.7 Females seem also to be more
predisposed to adverse respiratory effects of tobacco smoking
and develop COPD at an earlier age, and a sex bias in the
diagnosis of COPD and use of health care exists.8
Energy expenditure in COPD patients has been assessed
in many studies.9–13 Some have reported TEE in COPD
patients using doubly labeled water (DLW),9,10,13 and others
have used different motion sensors.10,12 DLW is the gold
standard for assessment of TEE. It is also used as a measure
of energy requirement when a person is weight-stable, but its
high cost and the technical expertise required for the implementation and analysis complicates its use in daily clinical
settings. Access to validated motion sensors for assessment
of TEE/energy requirement in the clinical praxis is also very
limited. Other studies have calculated TEE in COPD patients
using predicted resting metabolic rate (RMR) and predefined
activity factors.2
Physical activity is an important component in TEE. Low
physical activity has been suggested as a strong predictor of
death in COPD.14 In COPD patients, physical activity has
been assessed using different devices, from simple pedometers to more complex motion sensors.12,15 Pedometers are
inexpensive, feasible, and easily available devices. The
Yamax Digi-Walker SW-200 (Yamasa Tokei Keiki Co. Ltd,
Tokyo, Japan) is a pedometer that is widely used in research
and has been shown to be valid.16,17 It is a mechanical, uniaxial, spring-levered pedometer that counts the number of
steps by vertically displacing a lever arm inside the unit when
an ambulatory movement generates a force of $0.35 g. It
is worn on the anterior side of the hip and the anterolateral
side of the knee on the right side. Accumulated numbers
of steps are shown on a digital screen. Numbers of steps
taken/day have been translated to define physical activity
and subsequently classify if a person is sedentary or active.18
Studies have often assessed activity energy expenditure from
the pedometers.16,19 To date, to our knowledge, no studies
evaluating pedometer-determined physical activity level
(PAL) have been conducted.
To be able to achieve energy balance through nutritional
intervention, one must know the patients energy expenditure.
In the absence of criterion methods and validated motion
sensors, we need to evaluate simple methods to predict
energy requirement. Studies considering the evaluation of
predicting energy expenditure are scarce in COPD patients.
Therefore, the aim of the present study was to evaluate
predicted energy requirement in females with COPD using
pedometer-determined PAL multiplied by RMR equations.
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We hypothesized that energy requirement can be predicted
within reasonable limits using pedometer-determined PAL
multiplied by RMR equations.

Materials and methods
Study design and protocol
This cross-sectional study was conducted in the Department of
Public Health and Clinical Medicine, Division of Respiratory
Medicine and Allergy, and the Clinical Research Center at Umeå
University Hospital in Umeå, Sweden. Each study patient was
instructed not to engage in any rigorous physical activity and
not to eat after 11 pm on the day prior to the testing day. At the
hospital, a blood sample was collected from each patient for
measurements of arterial oxygen tension, arterial carbon dioxide
tension, and O2 saturation. The BW, height, FFM, and RMR of
each patient were also measured. Following the RMR measurements, breakfast was served. FFM was measured by dual-energy
X-ray absorptiometry. The total study duration was 14 days for
each participant. Pulmonary function tests were conducted within
the first 3 months following the initial 14-day study period.
TEE was measured over 14 days by DLW method.
Simultaneously, PAL was assessed by a pedometer. A home
visit was performed between days 8 and 10 of the study.
The purpose of the home visit was to ensure the appropriate
collection and storage of urine samples, and to register the
accumulated number of steps from the pedometer.
The Ethical Review Board of Umeå University approved
the study, and written informed consent was obtained from
each of the patients prior to their participation in the study.

Subjects
Nineteen women with COPD attending the outpatient clinic
in the Department of Medicine, Respiratory Medicine and
Allergy Unit at Umeå University Hospital in Umeå, Sweden,
were identified and recruited if they fulfilled the inclusion
criteria.

Inclusion criteria
Patients with clinically stable COPD (Global Initiative for
Chronic Obstructive Pulmonary Disease,20 stage II and III)
and a BMI between 18.5 and 30.0 kg/m2,21 were selected.
BWs and heights were measured, and BMI was calculated
for each patient prior to her inclusion in the study.

Exclusion criteria
Patients with a history of oxygen therapy, insulin-treated
diabetes, thyroid dysfunction, or myopathic or neoplastic
disease were excluded from the study.
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Anthropometry

3. World Health Organization (WHO):24

Patients’ BW was measured at the start and at the end of
the 14-day study period, to the nearest 0.1 kg, using a digital scale, while the patient was wearing light clothing. The
height of each patient was measured at the start of the study
to the nearest 0.5 cm using a horizontal headboard with an
attached wall-mounted metric scale. BMI was then calculated
based on these measurements (BW in kg/height in m2). FFM
was measured at the start of the study by dual-energy X-ray
absorptiometry using a total body scanner (Lunar Prodigy,
version 13.31; Scanex Medical Systems, Helsingborg,
Sweden).

(4)

.60 years: 10.5× weight in kg +596 kcal

(5)

4. Moore:25
14.1× weight in kg +515 kcal

31–60 years: 0.0407× weight in kg +2.90 MJ

(7)

61–70 years: 0.0429× weight in kg +2.39 MJ

(8)

.70 years: 0.0417× weight in kg +2.41 MJ

(9)

6. Nordenson:27
1,856+76.0× FFM in kg kJ

(10)

RMR calculated above was converted to kJ/day by using a
conversion factor of 1 kcal =4.184 kJ and 1 MJ =1,000 kJ.

Energy requirement and PAL

RMR

DLW

Indirect calorimetry
The RMR was measured by indirect calorimetry (Deltatrac™
II Metabolic Monitor; Datex, Helsinki, Finland) using a
ventilated hood system. Patients arrived on the test day in a
fasting state, and the RMR of each patient was measured for
30 minutes after the patients had rested in a supine position
for 30 minutes. All patients were awake during measurement collections. Prior to each measurement, the equipment
was calibrated with gas mixtures (O2 and CO2) according
to the manufacturer’s instructions. All measurements were
performed at a room temperature of 22°C–24°C. The results
shown here are based on the last 25 minutes of measurement.
The RMR measured by indirect calorimetry was the criterion
method for RMR.

Prediction equations
The RMR was also estimated from six different commonly
used prediction equations for women:
1. Harris–Benedict:22
655.1+ (9.563× weight in kg) + (1.850×
height in cm) - (4.676× age in years) kcal
2. Schofield:

(1)

23

30–60 years: 34× weight in kg +3,538 kJ

(2)

.60 years: 38× weight in kg +2,755 kJ

(3)
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TEE was measured using DLW as described elsewhere.13
The DLW method involves administering a dose of stable
isotopes of deuterium (2H) and oxygen-18 (18O), and subsequently measuring the rates of elimination of these isotopes
from the body over time. The relationship between pool
size deuterium (ND) and pool size oxygen-18 (NO) was used
as a quality measurement. The acceptable range of this
relationship (ND/NO) has been proposed by the International
Atomic Energy Agency to be between 1.015 and 1.060.28
The respiratory quotient was set at 0.85 for calculations of
the energy equivalence of CO2 produced.29 TEE measured
by DLW method was the criterion method for evaluation of
predicted energy requirement.
The criterion PAL was calculated from the energy
expenditure measured by DLW (TEEDLW) method and RMR
measured by indirect calorimetry (RMRIC).
PAL = TEEDLW/RMRIC

(11)

Pedometer
PAL was also determined by a pedometer, the Yamax DigiWalker SW-200 (Yamasa Tokei Keiki Co. Ltd) that was
placed on the belt or waistband, in the midline of the thigh,
consistent with the manufacturer’s recommendations. The
patients wore the pedometer during the day time for 14 days.
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(6)

5. Nordic Nutrition Recommendations (NNR), (based on
Henry):26

Pulmonary function measurements
Dynamic and static pulmonary function tests were performed (Jaeger, MasterScreen Body, and MasterScreen PFT;
CareFusion, Höchberg, Germany). An automatic analyzer
was used to measure arterial oxygen tension, carbon dioxide
tension, and O2 saturation in samples of arterial blood that
were drawn from the radial artery using a syringe.

30–60 years: 8.7× weight in kg +829 kcal
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They were instructed to wear the pedometer as soon as they
got out of bed and take it off when they went to bed in the
evening, and were advised not to use it while showering/
bathing. Thorough oral and written instructions regarding
the appropriate use of the pedometer were provided. The
patients were also instructed to keep a record of the times
that they were not wearing this device, including a list of the
activities performed during those periods.
Accumulated numbers of steps taken until the home visit
were registered and the pedometer was reset. Then, again,
the accumulated numbers of steps taken were registered at
the end of the study period. The registered numbers of steps
from two time points were added and an average number of
steps/day were calculated.
Pedometer-determined PAL was calculated in two stages.
First, the patients were classified into different activity
categories based on their average number of steps taken/
day as proposed by others.18 These authors have presented
different step-defined physical activity categories based on
pedometer data (steps/day). In the second stage, PAL values
were estimated according to the patient´s physical activity
category.30 Since all the patients were retired at the time of
the study, no differentiation in “work and leisure” time was
made. Patients taking ,5,000 steps/day were categorized
as “sedentary” implying that the patients have “very light”
physical activity throughout the day, hence a PAL value of
1.4; those taking 5,000–7,499 steps/day were categorized
as “low active” having “light” physical activity indicating a
PAL value of 1.6; and those who took 7,500–9,999 steps/day
were categorized as “somewhat active” having “moderate”
physical activity, thus a PAL value of 1.8.18,30
Energy requirement was estimated from the abovementioned six RMR equations and estimated PAL from the
pedometer. Each RMR prediction equation was multiplied
by pedometer-determined PAL for an assessment of energy
requirement (RMR from prediction equations × PAL
pedometer-determined).
The accuracy of individually predicted energy requirements was defined as the percentage of participating individuals whose predicted energy requirement was within ±10%
of measured TEE.31

Smoking habits
Information about smoking habits was collected through
interviews and was recorded as the number of pack years.

Statistical analysis
To be included in the present analysis, each patient had to
wear the pedometer for at least 12 days. When data for any
1132
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day of the 14-day measurement period were missing, the
average numbers of steps obtained on the measured days
were used in the analysis. Measured RMR from indirect
calorimetry and TEE from DLW were calculated as the
mean value/day.
The data were analyzed using the statistical program
SPSS version 21.0 (Statistical Package for the Social Sciences; IBM Corporation, Armonk, NY, USA). Descriptive
statistics, such as means, standard deviations, and minimum
and maximum values, were used. To assess differences
between the criterion methods and predicted values of
RMR, PAL, and energy requirement, paired t-test was used.
To determine the strength of the relationship between the
criterion and the predicted methods, Pearson’s correlation
coefficient was used.32 To examine the degree of agreement
between criterion and predicted estimates of RMR, PAL,
and energy requirement, we calculated intraclass correlation coefficients (ICCs) assuming a two-way analysis of
variance.33 For these correlation analyses, the closer the
correlation is to 1.0, the lower the within-subject variance
and the greater the concordance between the estimates.
Bland–Altman plots were constructed to examine the degree
of systematic bias (ie, if there is any relationship between the
magnitude of energy expenditure and differences between the
methods) and to calculate the limits of agreement between
the predicted methods and the criterion method, DLW.
Prediction accuracy at individual level was defined as the
percentage of participants in the study group whose energy
requirement was predicted to within ±10% of measured
TEE.29 The level of significance was set at 0.05.

Results
The general characteristics of the participating women with
COPD are shown in Table 1. Eighteen women had a FFMI
below normal value, $15 kg/m2.1 Thirteen women (68%)
had quit smoking, and six were current smokers.
TEE measured by DLW and RMR measured by indirect
calorimetry was collected from all 19 patients. Pedometer
data was collected from 19 patients. One woman did not wear
the pedometer as instructed and the pedometer protocols were
not filled correctly. Therefore, one woman was excluded from
the data analysis. Pulmonary function tests were performed
within the 3 months following the 14-day study period in
16 of the women who participated in the study. Of the three
remaining patients, one died of heart failure, one moved to
southern Sweden, and one refused to participate. The overall
compliance with regards to participation and execution of
different tasks in this study was excellent. The ND/NO in DLW
method was between 1.018 and 1.048.
International Journal of COPD 2015:10
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Table 1 General characteristics of women with COPD
N

Mean ± SD

Min–Max

Age, years
Weight, kg

19
19

69.2±6.0
63.5±10.7

59.7–80.0
46.8–88.0

BMI, kg/m2

19

24.5±3.5

18.5–30.0

FFMI, kg/m2

19

12.6±1.3

10.3–16.0

Number of pack years

19

27.7±9.0

14–42

Arterial pCO2, kPa

16

5.2±0.6

4.3–6.7

Arterial pO2, kPa

16

10.2±2.9

4.4–18.4

Arterial O2 saturation

16

92.9±9.2

59.5–98.8

FEV1/FVC, liters

16

0.43±0.12

0.24–0.65

FEV1, liters
FEV1, % predicted value

16
16

1.14±0.32
56.0±15.0

0.72–1.7
30–78

Abbreviations: BMI, body mass index; FEV, forced expiratory volume; FEV1, forced
expiratory volume in 1 second; FFMI, fat-free mass index; FVC, forced vital capacity;
Min–Max, minimum–maximum; pCO2, carbon dioxide tension; pO2, oxygen tension;
SD, standard deviation.

PAL
The average number of steps taken daily was 3,757±2,065
(minimum–maximum: 1,530–8,310). Estimated PAL from
the pedometer was lower by 13.6% than the measured criterion PAL (Table 2). The correlation between the predicted
and the measured PAL was moderate and the ICC was low
and nonsignificant (Table 3).32,33

Table 2 Energy expenditure and physical activity level assessed
by different methods in women with COPD (N=18)
Mean ± SD

Min–Max

RMR,* kJ⋅d-1
Indirect calorimetry

4,832±548

4,207–6,248

Harris–Benedict

5,210±480

4,455–6,425

Schofield

5,189±407

4,533–6,099

WHO

5,302±470

4,545–6,353

Moore

5,934±632

4,916–7,346

NNR

5,131±504

4,362–6,482

Gothenburg

4,370±349

3,854–5,459

1.69±0.147

1.5–2.1

1.46±0.134

1.4–1.8

Physical activity level
TEEDLW/RMRIC
Pedometer-determined
TEE, kJ⋅d-1
Doubly labeled water

8,114±907

6,311–10,258

Harris–Benedict

7,607±1,222

6,237–11,566

Schofield

7,571±1,097

6,347–10,978

WHO

7,738±1,189

6,362–11,436

Moore

8,664±1,469

6,882–13,223

NNR
Nordenson

7,494±1,265
6,387±1,047

6,106–11,667
5,395–9,827

Note: *Data represent the average of the last 25 minutes of measurement.
Abbreviations: Min–Max, minimum–maximum; NNR, Nordic Nutrition Recommendations; RMR, resting metabolic rate; RMRIC, RMR measured by indirect
caloimetry; SD, standard deviation; TEE, total daily energy expenditure; TEEDLW,
energy expenditure measured by doubly labeled water; WHO, World Health
Organization.
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RMR
Measured and predicted RMRs are presented in Table 2. Five
of six prediction equations overestimated RMR compared
to measured RMR by indirect calorimetry, and the overestimation was between 6.2% and 22.8%. RMR assessed by
Nordenson equation showed an underestimation of 9.6%
compared to the indirect calorimetry. Table 3 shows that the
ICC between indirect calorimetry and prediction equations
were moderate for five RMR equations.33

Energy requirement
There was large variation in the measured and predicted
energy requirement (Table 2). Five of six prediction equations underestimated energy requirement. Compared to the
criterion method, underestimation of energy requirement was
6.2% by Harris–Benedict, 6.7% by Schofield, 4.6% by WHO,
7.6% by NNR, and 21.3% as assessed by Nordenson. Energy
requirement was overestimated by 6.8% when assessed by
Moore compared to the criterion method. The predicted
energy requirement correlated significantly with the criterion DLW method for all six RMR equations (Table 3).32
The ICC values were $0.70 in four of six predicted TEE
methods (Table 3). In the Bland–Altman plots, the values
were more evenly distributed around the mean difference
for TEE assessed by Schofield, WHO, Moore, and NNR
(Figure 1B–E). The differences between the criterion method
and Nordenson estimates were significantly correlated with
the magnitude of TEE (r=-0.54, P=0.02), exhibiting an
increase in overestimation of predicted TEE with increasing
TEE (Figure 1F).
The percentage of participants whose predicted energy
requirement was within ±10% of measured TEE varied
among the methods evaluated. When energy requirement
was predicted by WHO method, 67% of women were
within ±10% of measured TEE; for energy requirement predicted by Harris–Benedict, Moore, and NNR, 50% of women
were within ±10% of the individually measured TEE; for
energy requirement predicted by Schofield and Nordenson,
56% and 22% of women, respectively, were within ±10%
of measured TEE with the DLW method.31

Discussion
In the present study, we have shown that predicted energy
requirement assessed by pedometer-determined PAL and
commonly used RMR equations correlated significantly for
all the six equations and had a significant agreement for five
equations with the criterion method, DLW, in women with
COPD. The predicted energy requirement by WHO equation multiplied by pedometer-determined PAL gave better
submit your manuscript | www.dovepress.com
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Table 3 Energy expenditure and physical activity level estimates from the criterion and test methods using different statistical analysis
in women with COPD (N=19)
Difference of the means ± SD
(criterion–predicted)

Intraclass correlations
coefficient

kJ⋅d-1

P-value

r

P-value

r

95% CI

-379±504
-358±510
-471±533
-1,102±617
-299±511
462±483

0.005
0.009
0.002
,0.0001
0.024
0.001

0.53
0.46
0.46
0.46
0.53
0.49

0.025
0.054
0.054
0.054
0.023
0.038

0.59
0.52
0.49
0.29
0.64
0.46

-0.05 to 0.85
-0.13 to 0.81
-0.19 to 0.80
-0.20 to 0.68
0.08 to 0.86

0.23±0.145

,0.001

0.47

0.046

0.34

-0.23 to 0.72

507±973
543±876
376±933
-550±1,137
620±975
1,727±864

0.04
0.018
0.106
0.056
0.015

0.62
0.63
0.63
0.63
0.64
0.62

0.006
0.005
0.005
0.005
0.004
0.006

0.70
0.71
0.74
0.69
0.70
0.40

0.23 to 0.89
0.21 to 0.89
0.33 to 0.90
0.21 to 0.88
0.17 to 0.89

RMR,* kJ⋅d-1
Criterion (IC)
Harris–Benedict
Schofield
WHO
Moore
NNR
Nordenson
Physical activity level
Criterion (TEEDLW/RMRIC)
Pedometer-determined (PALped)
TEE, kJ⋅d-1
Criterion (DLW)
Harris–Benedict × PALped
Schofield × PALped
WHO × PALped
Moore × PALped
NNR × PALped
Nordenson × PALped

,0.0001

-0.22 to 0.79

-0.19 to 0.77

Note: *Data represent the average of the last 25 minutes of measurement.
Abbreviations: CI, confidence interval; DLW, doubly labeled water; IC, indirect calorimetry; NNR, Nordic Nutrition Recommendations; PALped, pedometer-determined
physical activity level; RMR, resting metabolic rate; RMRIC, RMR measured by indirect calorimetry; SD, standard deviation; TEE, total daily energy expenditure; TEEDLW, energy
expenditure measured by DLW; WHO, World Health Organization.

estimates at both group and individual levels than other
validated equations.
Although predicted energy requirement by five of six validated RMR prediction equations multiplied by pedometerdetermined PAL had a significant agreement with measured
TEE by DLW,33 the confidence intervals were wide, and there
was a considerable variation. Wide confidence intervals could
be because of small sample size. The variation in predicted
energy requirement could partly be due to the RMR equations used, as has been shown in many reports in different
populations.2,25,27,31,34–37 Similar to our findings, Slinde et al
have reported that energy requirements can be assessed using
the WHO equation at group level.2 They assessed energy
requirements using the WHO equation multiplied by a factor
of 1.7, whereas we have used pedometer-determined PAL.
Moore et al derived an RMR prediction equation in COPD
patients.25 Compared to indirect calorimetry, predicted RMR
by Moore’s equation was overestimated by 23% in the present study. This difference could be due to different COPD
patient groups studied. They included patients with mild
COPD to patients with acute respiratory failure, whereas in
our study only patients with stable COPD (stage II and III)
were included. RMR equation by Nordenson et al is a new
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validated disease-specific equation in underweight COPD
patients and is based on FFM rather than BW.27 In the present study, the Nordenson equation underestimated RMR by
9.6%. This could be because COPD patients in our study had
a lower FFMI than patients in the Nordenson et al study. In
fact, only one woman had a FFMI in normal range in our
study.1 The variability in assessment of RMR by different
prediction equations could be due to: 1) discrepancy between
the characteristics of groups upon which these predictive
equations are based and current populations; and 2) differences in the time line of when these studies were conducted.
Despite the variation in predicted RMR by different equations
evaluated in this study, five out of six equations predicted
RMR within a reasonable accuracy, ie, ±10% of the measured
RMR at group level.31
To our knowledge, to date, this is the first time PAL
has been determined based on average number of steps
taken daily. In this study, we obtained acceptable values
of predicted energy requirement in five of six RMR equations multiplied by pedometer-determined PAL. However,
there was a considerable underestimation of pedometerdetermined PAL compared to the criterion PAL. There
could be a few reasons for this underestimation. Firstly,
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Figure 1 Bland–Altman plots.
Notes: Bland–Altman plots showing the differences in the mean TEE between the DLW method and predicted energy requirement by (A) the H-B RMR equation multiplied
by pedometer-determined PAL, (B) the SCHOF RMR equation multiplied by pedometer-determined PAL, (C) the WHO RMR equation multiplied by pedometer-determined
PAL, (D) the MOORE RMR equation multiplied by pedometer-determined PAL, (E) the NNR RMR equation multiplied by pedometer-determined PAL, and (F) the NORD
RMR equation multiplied by pedometer-determined PAL in 18 women with COPD.
Abbreviations: DLW, doubly labeled water; H-B, Harris–Benedict; NNR, Nordic Nutrition Recommendations; NORD, Nordenson; PAL, physical activity level; RMR,
resting metabolic rate; SCHOF, Schofield; SD, standard deviation; TEE, total daily energy expenditure; WHO, World Health Organization.

assigning PAL values based only on the number of steps
taken may have contributed to some discrepancy between
the calculated and measured PAL. Secondly, the study
patients might have had other activities such as cycling,
swimming, or upper body movements that are not

International Journal of COPD 2015:10

registered as steps but contribute to increased PAL. Lastly,
pedometers have been shown to have less accuracy for step
counting at slower walking speed in chronic respiratory
disease patients and in healthy subjects.19,38 It is speculated
that walking at slower speed is common in COPD patients
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especially with a severe form of disease. COPD patients
are often less active and have very low median values
for steps/day.39 Besides, the pedometer used in this study
needs a force of $0.35 g to register a step. Considering
these factors, there is a probability that all the steps taken
by the study patients might not have been registered, thus
resulting in lower pedometer-determined PAL than actual
PAL. Nevertheless, we speculate that using pedometerdetermined PAL gives a better estimate than using a theoretical PAL value. Furthermore, Tudor-Locke et al have
presented aggregated evidence of convergent validity and
conclude that pedometers can be used for assessment of
physical activity in both research and practice.40
There are some limitations in this study. One of the limitations is the small sample size of the study. Another limitation
is that we did not test the ability of the pedometer to register
steps at different speeds prior to collection of data. Further
studies including a larger number of participants and all the
stages of COPD are required.

Conclusion
In this study, we have shown that for clinical purposes,
in absence of objective methods such as DLW method
and motion sensors, energy requirement can be predicted
within reasonable limits using pedometer-determined PAL
multiplied by RMR equations in women with COPD. The
predicted energy requirement by WHO equation multiplied
by pedometer-determined PAL gave better estimates both
at group and individual level than other validated equations.
However, we believe that for assessment of nutritional status
and for the purpose of giving nutritional treatment, a clinical judgment will play an important role regarding when to
accept estimated energy requirement using predictive RMR
equations and pedometer-determined PAL both at individual
and group levels in females with COPD. If energy requirement is predicted in a clinical setting and used as a base for
nutritional treatment, it is important to regularly follow up
the results of the treatment.
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