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Background: The purpose of this study was to evaluate the usefulness of an accelerometer in predicting body weight (BW)
change during a lifestyle intervention and to find out whether exercise or overall physical activity is associated with change in insulin sensitivity and body composition.
Methods: A total of 49 overweight (body mass index [BMI] ≥ 23 kg/m2) women with diabetes were enrolled and performed
lifestyle intervention while monitoring BW, total energy expenditure (TEE) and physical activity energy expenditure (PAEE) using an accelerometer, and energy intake (EI) using a three-day dietary record at baseline and every 2 weeks for 12 weeks. We assessed body composition using bioimpedance analysis and compared the actual BW change to the predicted BW change, which
was calculated from the energy deficit (ED) between EI and TEE (ED = EI-TEE).
Results: Mean age was 57.2 years, duration of diabetes was 8.0 years, and BMI was 27.8 kg/m2. There was no significant difference between EI and TEE at baseline. For 12 weeks, the ED was 474.0 kcal · day-1, which was significantly correlated with BW
change (-3.1 kg) (r = 0.725, P < 0.001). However, the actual BW change was 50% lower than the predicted BW change. Both TEE
and PAEE correlated with change in KITT (r = 0.334, P = 0.019; r = 0.358, P = 0.012, respectively), BMI (r = -0.395, P = 0.005; r =
-0.347, P = 0.015, respectively), and fat mass (r = -0.383, P = 0.007; r = -0.395, P = 0.005, respectively), but only TEE correlated
with fat free mass change (r = -0.314, P = 0.030).
Conclusion: The accelerometer appears to be a useful tool for measuring TEE under free-living conditions for both short- and
long-term periods.
Keywords: Accelerometer; Energy balance; Energy intake; Physical activity energy expenditure; Total energy expenditure

INTRODUCTION
Low physical activity has been shown to be associated with, cardiovascular disease [1], type 2 diabetes mellitus [2], obesity,
and chronic ailments [3]. Increased physical activity plays an
important role in the prevention and treatment of these disCorresponding author: Kyung Wan Min
Diabetes Center, Eulji Hospital, 280-1 Hagye 1-dong, Nowon-gu, Seoul
139-872, Korea
E-mail: minyungwa@yahoo.co.kr
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eases [4]. Physical activity is defined as body movement, produced by skeletal muscle [5]. Physical activity does not only
include sports, but also includes non-sports activities such as
working, leisure activities, and household chores, which can
all be expressed as total energy expenditure [6]. Total energy
expenditure may be measured through direct measurement
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methods such as doubly labeled water (DLW) [7] and human
calorimeter chambers [8], and also through indirect measurement methods such as the Douglas 100 respiratory chamber,
heart rate monitor, pedometer, accelerometer [8], and self-reported questionnaires and activity diaries [9].
Since accelerometers obtain objective information about
physical activity patterns and are small and easy to wear, they
are effective in evaluating daily total energy expenditure in
free living conditions [10]. Most accelerometers showed high
correlation with direct measurement methods of energy expenditure during walking, running, and other pedestrian movements [11,12]. Total energy expenditure was measured by accelerometer data has shown very high correlation with the
measured value in the chamber during 24 hour period in
healthy men and women [8]. In a 14-day study, a DLW method comparison showed a high correlation [13], hereby the validity of accelerometers for monitoring tool that measures total energy expenditure was proven. In several previous studies,
total energy expenditure and patterns of physical activity such
as duration, frequency, and intensity were used to evaluate
through using an accelerometer in free living conditions [1416]; however, most previous studies have been short-term trials (1-14 days). Long-term interventions and epidemiological
studies that measure actual total energy expenditure have been
used to examine accelerometer-measured activity, but such
studies are limited.
Energy intake surveys most frequently use 24-hour recall
methods [17]. In a previous study, comparison studies that
used DLW as a direct measurement method and 24-hour recall
methods on healthy adults showed a high correlation [18]. The
results of their comparison between food frequency questionnaire and 24-hour recall methods showed a high level of correlation on 65-year-olds [19]. However, measured total energy
expenditure and energy intake measured by each tool were simultaneously measured long term, and in terms of energy balance, actual weight loss, and predicted weight loss, comparative studies are limited. Data for total energy expenditure is especially limited. Therefore, this study set out to prove the usefulness of accelerometer-measured physical activity for Korean type 2 diabetes mellitus patients regarding the balance of
energy. This was done by investigating whether total energy
expenditure measured using an accelerometer and energy intake using 24-hour recall methods matched up under conditions in which there were no body weight changes in obese diabetic patients. We investigated whether the difference in enwww.e-kdj.org
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ergy intake and total energy expenditure could predict actual
weight change and compared actual with predicted weight
change during long-term intervention periods. Additionally,
we investigated which compositions of accelerometer were
highly correlated with changes in insulin sensitivity, and body
composition which related to insulin sensitivity.

METHODS
Study subjects
Sixty-one female type 2 diabetes mellitus patients who were
overweight or obese, with a body mass index (BMI) greater
than 23 kg/m2, and between the ages of 35 to 65 were selected
from the Eulji University Hospital Diabetes Center. Patients
who had difficulty walking [20], performed aquatic physical
activity in which the accelerometers would be hard to attach,
performed upper body-focused exercise such as table tennis
or resistance exercises on a regular basis [21], would be difficult to monitor for other reasons, or who refused to cooperate
with the study were excluded from the study. Also, patients
with the following profile were excluded from the study: low
socioeconomic status, unable to record a regular activity and
dietary diary, poorly educated, and intellectually and developmentally unable to record. Patients who have had a myocardial
infarction, stroke, type 1 diabetes mellitus, gestational diabetes, diabetic ketoacidosis, osteoporosis, degenerative arthritis,
cancer, or who have uncontrolled high blood pressure (BP >
160/90 mm Hg) were also excluded due to their inability to
participate in the exercise program.
Study design
Our goal was to measure how well total energy expenditure
measured with an accelerometer coincides with energy intake
measured using 24-hour recall method under the condition of
there being no change in body weight. We also wanted to use a
long-term intervention period of weight change to verify
whether the difference in energy intake and total energy expenditure can be used to predict actual weight changes, and
compare actual weight and predicted weight changes. In our
long-term clinical trials, we wanted to evaluate the usefulness
of accelerometers as tools for predicting weight change and
measuring total energy expenditure in type 2 diabetes mellitus
patients.
During the screening period, which took place 2 weeks prior to the beginning of the study, we requested that participants
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maintain their typical physical activity and dietary intake. As
part of the study, they were requested to participate in an exercise and diet program for 12 weeks. Considering that an energy expenditure of 7,700 kcal facilitates a loss of 1 kg, our target
weight loss for one month was a body weight reduction of
1-1.5 kg. To increase physical activity energy expenditure by
200 kcals per day, they walked 5 times per week, 30 minutes
per day and moderate intensity (3-5 METs) or corresponding
to activity level 4 or more recorded by an accelerometer [8].
The diet was intended to reduce dietary intake by 300 kcals. For
12 weeks, patient compliance, energy intake, and total energy
expenditure was monitored every two weeks to improve the
accuracy of the measurements. Additionally, to find whether
total energy expenditure and physical activity energy expenditure measured with the accelerometer were associated with
changes in insulin sensitivity and body composition, which
reflects insulin sensitivity, we performed an insulin sensitivity
test and body composition examination.
Investigation of total energy expenditure and physical
activity energy expenditure
Total energy expenditure and physical activity energy expenditure were measured with an accelerometer (Lifecorder®; Susuken Co., Nagoya, Japan). Prior to the study, a trainer gave
patients an accelerometer and activity diary to record daily exercise duration, frequency, and mode. Participants entered
their age, sex, height, weight, start date of measurements with
the accelerometer, and fastened the device to their belts. They
were required to wear the accelerometer for 12 weeks, all day
long, excluding when they were sleeping and showering. Since
accelerometer considers one’s age, sex, height, and weight, and
automatically calculate one’s basal metabolic rate, we re-entered
the participant’s weight every 2 weeks to account for weight loss
caused by the intervention. Among the 11 stages of exercise
intensity recorded by the accelerometer, physical activity energy expenditure means higher at intensities above stage 4.
Survey of energy expenditure
Subjects were required to record their energy intake using a
three-day dietary record (two weekdays and one weekend day).
Prior to the study, the participants were given simple briefings
regarding recording methods. On the form, they were told to
record all food consumed on that day, categorized by meal,
and noting the amount of food and their ingredients, including health supplements and snacks. When the survey forms
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were collected, to increase the accuracy of the results, professional nutritionists were consulted throughout the review process, and the CAN-program version 2.0 (computer-aided nutritional analysis program: Korean Nutrition Society, Seoul,
Korea) was used for analysis.
Anthropometric and body composition tests
Subjects were given medical examinations to asses any illnesses, and their height and weight was also measured. Height and
weight were measured while the subjects were wearing a thin
layer of clothing; waist size was measured using a tape measure around the thinnest part between bottom of the ribcage
and iliac crest, with participants standing in a comfortable position. BMI was calculated in kg/m2. A Bio Impedance Analyzer (Inbody 3.0; Biospace, Seoul, Korea) was used to measure body fat mass, fat free mass, and body fat percentage before and after the study. During body fat analysis, measurements were taken with subjects wearing the lightest possible
clothing. Subjects stepped on the electrode plate bare-footed,
while holding the electrode units in their hands and lightly
pressing the electrodes with their thumbs. Body fat mass and
fat free mass were measured in kgs, and body fat percentages
were recorded in %.
Insulin sensitivity testing
Insulin sensitivity was measured by the insulin tolerance test,
the KITT index (rate constant for plasma glucose disappearance, %/min) [22]. The subjects fasted for longer than 10 hours
and visited the clinic on the day of test under fasting conditions.
A 20-gauge catheter was inserted into the side of a vein in the
hand and used for blood collection. To the contralateral antecubital vein, another 20-gauge catheter was inserted and used
for the injection of insulin and the injection of glucose after the
completion of tests. Under resting condition, insulin was diluted in advance (Humulin R; Eli Lilly & Co., Indianapolis, IN,
USA) to 0.1 U/kg and injected to the antecubital vein and the
glucose concentration was measured after 0, 3, 6, 9, 12, and 15
minutes. The measured glucose concentrations over time were
input into a computer program, and the date was converted to
natural logarithms. The slope of the regression line was calculated using the concentration at 3 to 15 minutes, and the half
life was obtained by dividing base blood sugar in half(t1/2). The
KITT was calculated as an index of insulin resistance with the
following formula:
KITT = 0.619t1/2 * 100 (%/min).
Korean Diabetes J 2010;34:374-383
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RESULTS
General participant characteristics
Out of a total of 61 patients, 12 (17.4%) were failed during the

12-week study period and a total of 49 female type 2 diabetes
mellitus patients were included in the final results. The average
age of the participants was 57.2 ± 7.2 years, and the mean duration of diabetes was 8.0 ± 6.1 years. The mean BMI was 27.8
± 3.0 kg/m2, mean body weight was 67.8 ± 7.7 kg, and the
mean glycosylated hemoglobin (HbA1c) level was 7.6 ± 1.2%
(Table 1). Prior to the beginning of this study, 34.7% of participants were treated with exercise and diet therapy, 46.9% were
treated with hypoglycemic agents (12.2% Sulfonylurea factors,
10.2% metformin, 24.5% sulfonylurea factor/metformin combination therapy), and 18.4% were treated with insulin. Over
the 12-week study period, patients taking drugs for the prevention of hypoglycemia had their dosages adjusted by 6.0%
(2.0% Sulfonylurea factors, 2.0% metformin, and 2.0% sulfonylurea factor/metformin combination therapy).
500

EI-TEE (kcal · day-1)

Data processing method
The data from this study was used to calculate means and standard deviations for each category using the statistical program
SPSS for Windows, version 15.0 (SPSS Inc., Chicago, IL, USA).
Comparisons of before and after mean figures for physiological characteristics, biochemical tests, total energy expenditure,
and energy intake over the 12-week period were done using
paired t-tests. Comparisons were made between total energy
expenditure and energy intake in 2-week increments using
paired t-tests, and the correlation of the results were tested using a Bland-Altman plot. Pearson correlation coefficients were
used to test correlation between the difference in energy intake
and total energy expenditure, change in body weight, BMI and
body fat percentage over the 12 week period. To test the correlations of predicted and actual body weight change, total energy expenditure, physical activity energy expenditure, insulin
sensitivity, and body composition, Pearson correlation coefficients were calculated. Statistical significance was established
as a P value less than 0.05.

(mean + 1.96 SD)

0

-500

(mean - 1.96 SD)

-1,000

Table 1. Clinical characteristics of the subjects
12 wk

57.2 ± 7.2

-

8.0 ± 6.1

-

-

Weight, kg

67.8 ± 7.7

64.7 ± 8.1

< 0.001

BMI, kg/m2

27.8 ± 3.0

26.5 ± 3.1

< 0.001

Waist circumference, cm

90.7 ± 7.6

86.3 ± 8.0

< 0.001

Age, yr
Duration of diabetes, yr

FPG, mg/dL

131.0 ± 29.1

119.5 ± 23.3

7.6 ± 1.2

6.9 ± 1.0

< 0.001

KITT, %/min

1.8 ± 0.9

2.7 ± 1.1

< 0.001

Systolic blood pressure,
mm Hg

125.4 ± 12.7

122.2 ± 11.5

0.134

Diastolic blood pressure,
mm Hg

78.7 ± 7.5

78.1 ± 7.3

0.789

0.002

Values are presented as mean ± standard deviation.
BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated
hemoglobin; KITT, rate constant for plasma glucose disappearance.
a
P values are for comparison between baseline and intervention by
paired t-test.
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Fig. 1. Difference between total energy expenditure (TEE)
measured by an accelerometer and energy intake (EI) plotted
against the mean of the 2 measurements, according to Bland
and Altman.
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Correlation between the difference in energy intake and
total energy expenditure and body weight changes over
12 months
The average physical activity energy expenditure before the
start of the program using an accelerometer was found to be
310.1 ± 135.4 kcal · day-1. The average daily physical activity
energy expenditure during 12 weeks was 393.9 ± 154.8 kcal ·
day-1, an increase of 83.8 ± 123.4 kcal · day-1. The average total
energy expenditure prior to the start of the program was
1,908.2 ± 206.3 kcal · day-1; it was 2,007.3 ± 216.5 kcal · day-1 during 12 weeks, an increase of 83.8 ± 123.5 kcal · day-1.

Change of body weight (kg)

2.0

310.1 ± 135.4

393.9 ± 154.8

83.8 ± 123.4

PAEE,
kcal · kg-1 · day-1

4.6 ± 1.9

6.1 ± 2.4

1.5 ± 2.0

TEE,
kcal · kg-1 · day-1
EI, kcal · day-1
EI, kcal · kg-1 · day-1

1,908.2 ± 206.3 2,007.3 ± 216.5
28.3 ± 2.8

30.8 ± 3.5

83.8 ± 123.5
2.5 ± 2.7

1,842.5 ± 236.7 1,545.2 ± 247.2 297.3 ± 227.3
27.3 ± 3.2

23.6 ± 3.7

-65.8 ± 243.9

-474.0 ± 291.9a

EI-TEE,
kcal · kg-1 · day-1

-1.0 ± 3.3

-7.1 ± 4.1a

Change of
body weight, kg

0.1 ± 1.9

-3.1 ± 2.4

EI-TEE,
kcal · day-1

3.7 ± 2.9

PAEE, physical activity energy expenditure; TEE, total energy expenditure; EI, energy intake; EI-TEE, difference between TEE and EI.
a
P < 0.001, significance correlation between EI-TEE and change in
body weight.
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-6.0
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5.0
A

0.0
-2.0
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r = 0.605
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-8.0
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Δ
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TEE, kcal · day-1
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-15.0
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0.0
Mean EI -mean TEE (kcal · kg-1 · day-1)

5.0
B

0.0
Change of % fat (%)

Mean, 12 wk

-2.0

-20.0

Table 2. Correlation between excess energy expenditure calculated from mean EI, mean TEE, and change in body weight
0 wk

0.0

-10.0

Change of fat mass (kg)

Difference between energy intake and total energy
expenditure over 14 days
In the 14-day screening period, during which there was no
change in body weight, the total energy expenditure measured
with the accelerometers was 1,908.2 ± 206.3 kcal · day-1 and energy intake measured with three-day dietary record was 1,842.5
± 236.7 kcal · day-1, resulting in a difference of 65.8 ± 3.3 kcal ·
day-1 (-1.0 ± 3.3 kcal · day-1 · kg-1). This was not considered to be
statistically significant. Energy intake and total energy expenditure coincided by 96.5%. Additionally, the confidence interval of the Bland-Altman plot was ± 1.96 SD, with a range of
-543.8 to 412.3 kcal · day-1 (-7.5 to 5.5 kcal · day-1 · kg-1) (Fig. 1).

-3.0
-6.0
-9.0

r = 0.605
P < 0.001

-12.0
-20.0

-15.0
-10.0
-5.0
0.0
-1
Mean EI -mean TEE (kcal · kg · day-1)

5.0
C

Fig. 2. Correlation between the difference in energy intake
(EI) and total energy expenditure (TEE) and actual change of
body weight (A), change of fat mass (B), or change of %fat for
12 weeks; %fat (percentage body fat).
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The average energy intake using with the 3-day dietary record showed 1,842.5 ± 236.7 kcal · day-1 before the start of the
program and 1,545.2 ± 247.2 kcal · day-1 during the 12 weeks: a
decrease of 297.3 ± 227.3 kcal · day-1 (Table 2). Over 12 weeks,
the daily average of the difference between energy intake and
total energy expenditure was 474.0 ± 291.9 kcal · day-1 (6.2 ±
4.1 kcal · day-1 · kg-1). Weight loss over those 12 weeks was 3.1 ±
2.4 kg, while the difference in the average energy intake and
total energy expenditure resulted in a significant correlation
with body weight change (r = 0.725, P < 0.001). Additionally,
changes in body fat mass and percentage also showed significant correlation (r = 0.605, P < 0.001; r = 0.443, P = 0.002, respectively) (Fig. 2).
Correlation between predicted and actual body weight
change
The difference in daily average energy intake and total energy
expenditure was 474.0 ± 291.9 kcal · day-1 and the actual and
predicted reduction in body weight showed significant correlation (r = 0.628, P < 0.001). However, it is known that an energy expenditure of 7,700 kcals results in a 1 kg reduction in
body weight. By this measure, the actual weight loss was only
50% of what would be expected (Fig. 3).
Correlation between total energy expenditure, physical
activity energy expenditure, insulin sensitivity, and body
composition
After the 12-week experimental period, KITT, BMI, body fat per-

Change of body weight, actual (kg)

2.0
0.0

centage, fat mass, and fat free mass were all significantly decreased (P < 0.001, P < 0.001, P < 0.001, P < 0.001, and P = 0.047,
respectively). The variation of KITT appears to have a highly significant correlation with changes in fat free mass and fat mass
(r = -0.310, P = 0.032; r = -0.363, P = 0.011). Additionally, both
total energy expenditure and physical activity energy expenditure measured with an accelerometer appears to be correlated
with changes in KITT (r = 0.334, P = 0.019; r = 0.358, P = 0.012),
changes in BMI (r = -0.395, P = 0.005; r = -0.347, P = 0.015, respectively) and changes in body fat mass (r = -0.383, P = 0.007;
r = -0.395, P = 0.005, respectively), but there was no correlation with the changes in body fat percentage. However, there
was only significant correlation with change in total energy
expenditure and fat free mass (r = -0.314, P < 0.030) (Table 3).

DISCUSSION
Currently, the standard methods to measure total energy expenditure are DLW method and direct calorimetry. The accuracy
of their validity is 1-2% [7,23]. Although the DLW method is
technique available to accurately measure TEE in daily life,
frequency, duration and intensity of physical activity cannot
be measured. Also, due to the high cost of oxygen-18, the stable isotope, and analytical devices, it is not economically practical [6]. The most commonly used method for measuring
physical activity in clinical trials and research are surveys and
self-recorded questionnaires and activity diaries [9]. Although
these are used in large-scale epidemiological studies, they take
a long time to create, and because they depend on memory,
they are less accurate. A previous study developed a questionTable 3. Correlations between body composition and mean
TEE, mean PAEE

-2.0

TEE,
kcal · kg-1 · day-1

-4.0
-6.0
r = 0.628
P < 0.001

-8.0

-10.0
-20.0

-15.0
-10.0
-5.0
0.0
Change of body weight, calculated (kg)

5.0

Fig. 3. Correlation between change in actual body weight and
predicted body weight change with law of Wishnofsky.
www.e-kdj.org

Korean Diabetes J 2010;34:374-383

PAEE,
kcal · kg-1 · day-1

r

P

r

P

ΔBMI

-1.3 ± 1.0

-0.395

0.005

-0.347

0.015

ΔPercentage
body fat

-2.8 ± 2.4

-0.176

0.230

-0.146

0.321

ΔFFM

-0.4 ± 1.3

-0.314

0.030

-0.250

0.086

ΔFM

-2.8 ± 2.0

-0.383

0.007

-0.395

0.005

ΔKITT

0.9 ± 0.8

0.334

0.019

0.358

0.012

TEE, total energy expenditure; PAEE, physical activity energy expenditure; BMI, body mass index; FFM, fat free mass; FM, fat mass; KITT,
rate constant for plasma glucose disappearance.
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naire assay with a total of 32 items and used recollection dates
varying from one day to one year. The reliability value when
retesting the questionnaire was between 0.24 and 0.93 [9].
When considering that most diabetes patients are elderly, producing an accurate personal history or questionnaire can be
very difficult. Additionally, tools used to assess exercise education and patient compliance are considered inappropriate.
However, the size of the accelerometers used to measure energy
expenditure is small and they make long-term measurements
possible. An objective analysis of physical activity patterns such
as intensity, time, and frequency of physical activity of the participants is also possible [24]. In previous studies, total energy
expenditure measured using accelerometers have shown a very
high correlation between comparative results for direct calorimetry (r = 0.928, P < 0.001) [8]. Results compared with the
DLW method over 14 days showed a high correlation (r = 0.83,
P < 0.001) [13].
In this study, the total energy expenditure measured using
an accelerometer was 1,908.2 ± 206.3 kcal · day-1 during the 14day period where there was no change in body weight. The energy intake measured using a three-day dietary record was
1,842.5 ± 236.7 kcal · day-1, a difference of -65.8 ± 3.3 kcal · day-1,
which is not statistically significant. Energy intake was found
to be 96.5% of total energy expenditure. Using a questionnaire
for total energy expenditure and dietary diary for energy intake, Kim and Cha [25] reported that the surveyed total energy expenditure levels for overweight middle-aged women was
3,256.8 kcal · day-1, while energy intake was 2,080.2 kcal · day-1,
which showed a large comparative difference (-1,176.6). However, Tesfaye et al. [26] used a survey to measure total energy
expenditure, which was 1,925 kcal · day-1, and a dietary diary
to measure energy intake, which was 1,720 kcal · day-1. These
values differ by -205 kcal · day-1, which is similar to our results.
When there is no change in body weight as a result of energy
balance, energy intake and expenditure values are approximately equal. However, in the absence of changes in body
weight, Seale [27] found that subjects underestimated the
changes in energy intake recorded in a dietary record versus
total energy expenditure collected through the DLW method
by 25%. Singh et al. [28] also said that their study participants
underestimated those values by 23%. The underestimation of
energy intake in that investigation was lower than the actual
intake because the recorded values were lower than the actual
values, and they varied based on weight, obesity, gender, income, and education level [27]. In this study, in the absence of
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body weight changes, energy intake and total energy expenditure showed a tendency to be underestimated. This is because
our subjects were overweight female who want to control their
body weight. However, a 5% underestimation is a very low value. Between energy intake and total energy expenditure, there
was no significant difference, and the two tools used to investigate and measure energy intake and total energy expenditure
in diabetic patients are considered to be appropriate.
Change in body weight, energy intake, and total energy expenditure in the energy balance can be considered related [29].
Energy intake and total energy expenditure are important indicators of blood glucose and body weight regulation because
they are necessary in measuring and monitoring accurately. In
this study, patients who participated in a long-term weight loss
program were later contacted to confirm whether there is an
association between change in body weight and difference in
energy intake, and total energy expenditure. The results of our
12-week study showed that the difference between average energy intake and total energy expenditure was -474.0 ± 291.9
kcal · day-1, average weight loss was 3.1 ± 2.4 kg, and 13,761
kcals had to be expended in order to lose 1 kg.
A study was performed by Matsuo et al. [30] for 14 weeks to
observe the effects of an exercise and diet program on obese
adults. The difference between average energy intake and total
energy expenditure was -666 kcal · day-1, average weight loss was
6.2 kg, and the energy required to lose 1 kg was 11,279 kcal.
Ahn et al. [31] performed a 12-week study to observe the effects of an exercise and diet program on obese adults. In that
study, the average energy intake and total energy expenditure
difference was -594 kcal · day-1, average weight loss was 5.1 kg,
and the energy required to lose 1 kg was 11,658 kcals. In most
intervention studies, weight loss based on daily energy deficit
had similar result. In this study, the difference in daily average
energy intake and total energy expenditure from aspects of
energy balance was significantly correlated with the actual
change of body weight during 12-week (r = 0.729, P < 0.001).
Therefore we infer that accelerometers may be useful tools for
diabetic patients in measuring long-term total energy expenditure.
In the current study, the law of Wishnofsky, which states that
7,700 kcals of total energy expenditure results in a 1 kg weight
loss, was used to predict weight loss. When estimated weight
change and actual weight change were compared, the actual
weight loss was 50% lower than the predicted weight loss. In
an intervention-study performed by Heymsfield et al. [32] and
Korean Diabetes J 2010;34:374-383
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Goele et al. [33], actual weight loss was 50% lower than the
predicted weight loss using the law of Wishnofsky, which is
similar to the results of this study. Because fractional energy
absorption is higher in obese patients whose weight loss is
abrupt than obese patients whose weight is stable even in the
same BMI, predicted weight loss was measured to be lower than
actual weight loss [34]. Additionally, a Wishnofsky-predicted
loss of 1 kg consists of 79% fat mass and 21% fat free mass [35].
In a study performed by Goele et al. [33], 1 kg of weight loss was
87% fat mass and 13% fat free mass, which by the law of Wishnofsky is 50% lower than predicted. Between individuals, the
range of fat mass and fat free mass varies greatly (51-98% fat
mass and 2-49% fat free mass). Using the laws of Wishnofsky,
calculated predicted weight changes and actual weight changes may be different. Because diabetes patients had lower lipid
oxidation than healthy subjects who used the same weight management program during exercise [36] and insulin increases
body weight [37], an actual body weight decrease is more common than a lower expected weight. Therefore, we infer that
further studies are required to determine the energy deficit
suitable for producing a 1 kg weight loss in Korean patients. In
this study, although actual weight loss was 50% less than predicted, the correlation between actual weight loss and predicted weight loss was good. Using the following formula, actual
weight changes can be predicted:
Y (actual weight change, kg) = -0.63 + 0.005 * X (EI – TEE)
In the interest of diabetes prevention and treatment, 30 minutes or more of moderate exercise 3 times per week is recommended [4]. However, recent studies have demonstrated that
improvements to insulin resistance can occur as a result of increased low intensity physical activities of daily life [38]; this
has been reported to be important for the management of type
2 diabetes mellitus. In this study, both total energy expenditure and physical activity energy expenditure showed significant correlation with change in insulin sensitivity, BMI, and
body fat, but total energy expenditure was only significantly
correlated with changes in fat free mass.
Starling et al. [39] said that total energy expenditure was related to weight, body fat, and fat free mass. In Seale’s study, total energy expenditure and fat free mass had a very high correlation [27], which was also a result found in our study. However, Jacobs et al. [9] showed a correlation between moderate or
high intensity activity and BMI. In addition, the duration of
moderate or high intensity was also correlated with BMI [40].
The clinical application of the intensity of physical activity is
www.e-kdj.org
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not yet clear. In this study, not only moderate intensity, but
also overall physical activity, was found to be associated with
insulin sensitivity, and has a high correlation with body fat and
fat free mass. For the management of type 2 diabetes mellitus,
even an increase in the physical activities of daily life is thought
to be important. Limitation of this study was that accelerometer-measured total energy expenditure could not be compared
with the DLW as a standard-method, and dual energy X-ray
absorptiometry did not use to evaluate the proportion of fat
and fat free mass necessary for 1 kg of weight loss. However, in
daily life, using an accelerometer as a measuring tool for shortterm and long-term total energy expenditure appears to be
useful.
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