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Abstract
Despite living in an environment that promotes weight gain in many individuals, some individuals
maintain a thin phenotype while self-reporting expending little or no effort to control their weight.
When compared with obesity prone (OP) individuals, we wondered if obesity resistant (OR)
individuals would have higher levels of spontaneous physical activity (SPA) or respond to short-
term overfeeding by increasing their level of SPA in a manner that could potentially limit future
weight gain. SPA was measured in 55 subjects (23 OP and 32 OR) using a novel physical activity
monitoring system (PAMS) that measured body position and movement while subjects were
awake for 6 days, either in a controlled eucaloric condition or during 3 days of overfeeding (1.4×
basal energy) and for the subsequent 3 days (ad libitum recovery period). Pedometers were also
used before and during use of the PAMS to provide an independent measure of SPA. SPA was
quantified by the PAMS as fraction of recording time spent lying, sitting, or in an upright posture.
Accelerometry, measured while subjects were in an upright posture, was used to categorize time
spent in different levels of movement (standing, walking slowly, quickly, etc.). There were no
differences in SPA between groups when examined across all study periods (P > 0.05). However,
3 days following overfeeding, OP subjects significantly decreased the amount of time they spent
walking (−2.0% of time, P = 0.03), whereas OR subjects maintained their walking (+0.2%, P >
0.05). The principle findings of this study are that increased levels of SPA either during eucaloric
feeding or following short term overfeeding likely do not significantly contribute to obesity
resistance although a decrease in SPA following overfeeding may contribute to future weight gain
in individuals prone to obesity.

INTRODUCTION
The increase in the prevalence of obesity over the last 20 years is widely thought to be
because of changes in the typical environment in which most people live (1,2). Ready access
to highly palatable, inexpensive food combined with a reduced need to engage in physical
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activity in daily life has likely promoted a state of positive energy balance that promotes
weight gain in many individuals. Although weight gain may be a slow and gradual process,
it may be that increases in fat mass occur episodically following brief periods of positive
energy balance that are not adequately compensated for. Most people experience periods
where food intake far exceeds energy expenditure (EE). These periods lasting from one meal
to several days can occur on holidays, vacations, weekends, or times of celebration and may
lead to clinically significant weight gain (3-5). Whether or not weight gain occurs
continuously or episodically, it results from a failure of regulatory systems to appropriately
compensate for periods of positive energy balance produced by episodes of excessive food
intake.

On the other hand, there are clear differences in people’s susceptibility to weight gain. Some
people maintain a normal body weight despite living in what is for most an “obesogenic
environment” (6-8). How do these “obesity resistant” (OR) people remain thin in the current
environment? In particular, how do they respond to brief periods of positive energy balance
in a manner that prevents weight gain? The possibilities include increases in resting
metabolic rate, increases in physical activity, reductions in food intake, or alterations in
nutrient metabolism that ultimately favor oxidation of excess nutrients. Currently it is
unclear which, if any, of these mechanisms play an important role.

The Energy Adaptations over Time Study was designed to measure a number of adaptive
responses to short-term overfeeding that might protect from, or predispose to, weight gain in
obesity prone (OP) and OR humans. With the measures reported here we sought to examine
the potential role that differences in spontaneous physical activity (SPA) might play in
resistance to weight gain following short-term overfeeding between OP and OR subjects.
Energy can be expended in physical activity during bouts of exercise or during activities of
daily living. The latter has been termed nonexercise activity thermogenesis (NEAT) by
Levine (9). It has been hypothesized that NEAT increases in people as a homeostatic
response to periods of over-nutrition in order to restore energy balance (10). Levine et al.
showed that overfeeding lean adults by 1000 kcal/day for 8 weeks led to a change in NEAT
(measured as the difference between resting EE and total EE (TEE)) which was inversely
related to fat gain (9). This group employed the same overfeeding protocol in lean and obese
individuals and measured NEAT using novel physical activity monitoring systems (PAMS)
(11,12). In this study, overfeeding led to a modest decrease in walking in both lean and
obese individuals, with the two groups reducing walking to a similar degree (11).

Although the previous studies showed that NEAT changed with 8 weeks of overfeeding,
most people experience shorter periods of time where food intake far exceeds EE. The aim
of the current study was to determine if a brief period of overfeeding (3 days) similar to
what might occur in normal living would lead to a change in SPA. Given that obesity itself
might reduce SPA levels, we were interested in determining if people who were not
currently obese but were at risk for weight gain would have activity patterns that were
different from individuals who seem to be resistant to obesity. We sought to determine if
SPA responds differently to short-term overfeeding in these two groups. We predicted that
overfeeding would result in an overall decrease in SPA but that OP subjects would have a
greater decrease in physical activity as compared to OR subjects.

METHODS AND PROCEDURES
Subjects

Subjects were healthy men and women ages 25–35 years empirically classified as either OR
or OP based on personal and family weight history. OR subjects had a BMI of 16.9–25.5 kg/
m2, had no first degree relatives with a BMI >30 kg/m2 and defined themselves as
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constitutionally thin based on their perception of difficulty gaining weight despite expending
any effort to maintain their current weight. These individuals responded to advertisements
for “naturally thin people”, reported no history of ever being overweight and self-reported a
sense that their weight regulation was “different” from other people. OP subjects in contrast
had a BMI of 19.6–30.6 kg/m2 had at least one first degree relative with a BMI >30 kg/m2,
reported having put effort into not gaining weight, reported previous attempts to lose weight,
but were not actively attempting to lose weight and were weight stable for at least 3 months
before being studied. At baseline, all subjects underwent a screening history, physical
examination and biochemical testing to exclude significant medical illness. Subjects were
excluded if they took medications known to affect weight or lipid metabolism. They also
completed a number of questionnaires to exclude eating disorders (13-15) or significant
psychological dysfunction (16,17). To assess habitual physical activity, subjects wore a
pedometer (Digi- Walker, New-Lifestyles, Lee’s Summit, MO) for 1 week before beginning
studies. Body composition was measured by dual-energy X-ray absorptiometry (Hologic
Discovery-W, Bedford, MA), resting EE by hood indirect calorimetry (ParvoMedics Model:
TrueOne 2400, Sandy, UT) and 24-h TEE by whole-room calorimetry (18). The energy
requirements for free living eucaloric feeding were determined based on resting EE derived
from the average of (i) direct measurement by hood indirect calorimetry and (ii) an
estimation using the following equation: [(23.9 × fat-free mass in kg) + 372], where fat-free
mass was measured by dual-energy X-ray absorptiometry (19). The resting EE determined
from those two methods was then multiplied by an activity factor (1.4–1.65), which was
based on subjects’ average steps taken during a week of baseline pedometer monitoring. To
determine energy requirements for the chamber stays during the experimental interventions,
TEE was directly measured during a “baseline” stay in the room calorimeter (independent of
and before the study periods reported). This value for TEE in the chamber was compared
with the “free living” TEE estimated by the method outlined above. TEE in the room
calorimeter was found to be about 8% less than the TEE calculated free living TEE values.
Therefore, subjects were fed 8% fewer calories on the day that they were in the calorimeter
as compared with the free living periods.

Study design
Subjects were studied on the Clinical and Translational Research Center at the University of
Colorado, School of Medicine on two occasions separated by at least 1 month. For the first 4
days of each study period, subjects consumed a controlled eucaloric “run-in diet” (20%
protein, 30% fat, and 50% carbohydrate) to ensure energy and nutrient balance (Figure 1).
For the next 3 days, participants consumed in random order either a controlled eucaloric
(EU) study diet or a controlled hypercaloric study diet (OF) containing 1.4× estimated basal
energy needs. The macronutrient content of each study diet was the same as that of the lead
in diet. On the third day of each study diet period, subjects spent 23 h in the whole- room
calorimeter during which time a number of metabolic measurements were made. Given the
limitations in movement in the room calorimeter, subjects consumed 8% fewer calories on
this study day for both diet phases, which was based on a pre-study stay in the calorimeter to
validate their energy requirments and familiarize them with the environment. For the next 3
days subjects consumed an ad libitum diet. During this period subjects were offered a diet
with the same composition but containing 25% more calories than their eucaloric diet.
Subjects were instructed to consume as much food as they wanted and to return all leftover
food items to the Clinical and Translational Research Center kitchen for measurement. All
food along with wrappers and containers were weighed before and after consumption by the
Clinical and Translational Research Center nutrition staff to determine total energy intake.
For the duration of each 4-day “run-in” period and the 10-day study period subjects
consumed only food and beverages provided by the Clinical and Translational Research
Center metabolic kitchen.
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Physical activity monitoring
SPA was measured for six consecutive days (during the 3-day controlled diet period and the
3-day ad libitum diet period) in both the EU and OF study phases using the PAMS designed
by Dr James Levine and colleagues (Mayo Clinic). PAMS are composed of paired
inclinometers (20) and accelerometers (21) (ICSensors 3031–010, Druck Nederland, The
Netherlands) worn on the left and right sides of the upper and lower body (Figure 2) that
measure body position (lying, sitting, and standing) and movement. A cable connects the
accelerometers and inclinometers to a portable data logger (Tattletale 5F, Onset Computer,
512 kB, 16-bit, 10 × 70 × 35 mm, 250 g; Bourne, MA).

Data from the PAMS were collected at two readings per second and averaged into 15-s
blocks. Input data included interval (in seconds), and volts (0–5) for upper body, lower
body, X-, Y-, and Z-axis, and time in hours and minutes. The voltages from upper and lower
body inclinometers were converted into angles in order to estimate body position. The
following formula was used to convert volts to angles, with an error of less than 0.01°:

where A is the gain, B is the phase, C is the period, and D is the offset. Table 1 shows how
overall body position was determined using the calculated angles. We assumed that energy
expended when subjects were in the lying or seated positions would be low and therefore did
not use accelerometry data from these body positions in the final analyses. We examined
accelerometry data more closely for the time subjects spent in an upright posture as this time
likely represented activities with a wide range of EEs. If data from the inclinometers
indicated that the subject was upright, accelerometry data were used to further subdivide
recording time into five categories representing different levels of activity. These movement
levels were based on the acceleration values from the X-, Y-, and Z-axes and were
calculated using the following formula:

for both left and right sides. The values were then summed into 15-s blocks and averaged
between the left and right sides. The different levels of movement in the standing position
were then categorized as shown in Table 2.

Pilot data were obtained from PAMS recordings taken on normal volunteers who were
instructed to stand, move in a manner mimicking daily activities such as putting dishes away
and walk at defined speeds on a treadmill to validate this approach. These acceleration
values were used to determine the fraction of the PAMS recording time spent standing still,
walking slowly, quickly, etc. for each day of the study. Total acceleration in the upright
position (summed for all levels of movement) is also reported as an estimate of overall
movement in the upright position. Participants were instructed to remove the PAMS while
showering, and were allowed to remove the system while sleeping. Data were excluded if
subjects wore the device for less than 8 h a day, if both left and right sensors had large gaps
in data, or if there were values outside of the valid range of 0–5 V over large time periods.
Data were analyzed in a blinded manner for (i) percent of recording time spent in each
position and level of movement and (ii) total acceleration while in an upright posture and for
each level of movement.

Subjects wore pedometers to measure SPA during a 7-day baseline period to help determine
basal energy needs. During this period, the PAMS devices were not worn. In addition, in an
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effort to acquire an independent measure of SPA during and following controlled diets,
pedometers were also worn during the entire period that the PAMS devices were worn. This
was done to obtain confirmation and corroboration of any differences seen with the PAMS
and to see if the PAMS provided substantially more information than the pedometers alone.

Statistical analysis
Data were analyzed using SPSS version 17.0 (Cary, NC). Subject characteristics data are
reported as means and standard deviations. A repeated measures ANCOVA was used to
examine eucaloric and overfeeding effects on different sub-categories of movement
(walking slowing, walking quickly, total steps, etc.), with P values identified for interactions
and main effects of obesity (OP and OR) and study phase (eucaloric and hypercaloric).
Percent body fat and sex were used as covariates when comparing OP to OR because of the
difference in these variables between the groups. Pairwise comparisons were examined on
adjusted means to determine if the study phase (EU vs. OF) significantly affected SPA in
OP and OR groups. Values are reported as means and standard errors.

The controlled diet period consisted of 3 days in each study phase; however, the entire third
day of this period was spent in a room calorimeter. Because overall movement is limited in
this relatively small room, activity data from this day was excluded from the analysis.

RESULTS
Fifty-five subjects (23 OP and 32 OR) completed both EU and OF study periods. Subjects in
the two groups were matched with regards to age and resting metabolic rate (Table 3). OP
subjects had significantly higher BMI and percent body fat compared with OR subjects (P <
0.05) although the mean BMI in the OP group was well below the overweight level.

Physical activity as measured by the PAMS
The PAMS was worn by all study participants for an average of 14.0 ± 3.0 h/day, and there
was no difference in the amount of time that the devices were worn between OP and OR
groups (13.98 h ± 3.4 and 14.03 h ± 2.8, respectively). Physical activity levels were
described by the fraction of the monitoring time spent in a lying, sitting or upright posture
and by the fraction of time spent in an upright posture with increasing levels of movement as
categorized by the accelerometers. Data were analyzed over entire study periods (days 5–10
of the EU or OF conditions) and by specific days in each phase of the study. In general, all
subjects spent the majority of their waking hours sitting (47.8 ± 9.8%) regardless of study
phase or diet period (Figure 3). Neither movement while sitting nor percent of time spent
sitting were different between OP and OR subjects in the eucaloric or overfed study
conditions for any study day or grouped together over study phases (P > 0.05). When all
study days (controlled diet and ad lib diet) were averaged together for each study phase (EU
vs. OF), there were no differences in physical activity measured by the PAMS between OP
and OR subjects for any posture category or level of activity in the upright posture (Figure
3). Neither OP nor OR subjects had differences in their level of SPA when examined across
the entire OF phase compared with the entire EU phase in both the control (days 5 and 6)
and ad lib (days 8–10) diet periods (P < 0.05); however, examining the data on individual
study days revealed a number of significant differences in activity levels in the EU as
compared with the OF study phases and between OP and OR subjects.

With overfeeding, OP subjects reduced their measured levels of SPA to a greater degree
than OR subjects. This decrease in physical activity was most noticeable following
overfeeding during the ad lib diet period, most dramatically on the third day following 40%
overfeeding (Figure 4a). Overall acceleration measured during upright posture, a global
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assessment of movement, was lower in both the OP and OR groups (−3201 V; P < 0.001 and
−2354 V; P = 0.02, respectively) following overfeeding only on the third day of consuming
the ad libitum diet as compared with the same day of the eucaloric condition (Figure 4a). On
days 8 and 9 of the overfeeding condition, all subjects maintained their level of movement
(Figure 4b-c); however on day 10, OP subjects spent significantly less time walking at a
normal pace (−1.74%; P = 0.04), walking quickly (−1.46%; P = 0.02), and engaging in
vigorous activity (−1.97%; P = 0.04) as compared with day 10 of the eucaloric condition,
whereas OR subjects maintained their level of activity at this time point in the two
experimental conditions (P > 0.05) (Figure 4d).

Physical activity as measured by pedometers
Pedometers were used to provide an independent measure of physical activity in addition to
that measured with the PAMS. Pedometer data was available from the baseline and run-in
periods (days −3−4), a period when the PAMS was not being worn. Pedometer data was also
available during days 5–10 when PAMS data was simultaneously being collected. The
pedometer data show that all subjects decreased the number of steps taken while they wore
the PAMS (baseline steps without PAMS = 9477 ± 388; steps wearing PAMS during EU =
8068 ± 328; P = 0.002 steps wearing PAMS during OF = 7918 ± 364, P < 0.001), suggesting
that wearing these devices reduced subjects’ level of SPA (Figure 5a). The pedometer data
also confirmed the general finding from the PAMS data that there were no differences
between OP and OR subjects in their average number of steps taken when measured over the
entire duration of the study (OP = 7967 ± 560, OR = 8017 ± 441, P > 0.05). During the 1-
week period of baseline pedometer monitoring, OP subjects had an average of 9984 ± 608
steps, and OR had an average of 9082 ± 501 steps, P = 0.26). However, as had been seen in
the PAMS data, there was a significant main effect of obesity classification on the third day
of consuming the ad lib diet, with OP subjects taking significantly fewer steps than OR
following overfeeding (OP = 7622 ± 932, OR = 9240 ± 728, P < 0.05) (Figure 5b).

Although examining sex-based differences was not a primary goal of this study, we did
observe that women tended to have a greater amount of SPA as compared with men.
Specifically, women spent a greater percent of time standing than men in the eucaloric study
condition (15.8 ± 7.6% vs. 10.9 ± 5.2%, P = 0.05).

DISCUSSION
The main findings from this study are that nonobese individuals who are prone or resistant
to obesity do not drastically differ in measured levels of SPA. Following a period of short-
term overfeeding, all subjects moved significantly less on the third day following
overfeeding. OP individuals were found to have a significant decrease in the amount of time
that they spent moving at normal, quick, and vigorous paces on the third day after
overfeeding as compared with what was observed following the controlled eucaloric diet;
whereas, OR individuals maintained their usual level of physical activity on this day.
Although OP subjects did have a statistically significant decrease in the percent of time
spent in an upright posture moving at these levels, an estimate of the energetic value of this
difference in activity was only ~160 kcal less than that expended by OR subjects on this day
based on an estimate of the average EE of walking at these rates (22). A limitation to this
study is that we did not translate the PAMS data into EE. This modest decline in estimated
EE is quite small in comparison with the excess energy ingested during the overfeeding
period which averaged 920 kcal. However, it is possible that the heavier OP subjects had
greater EE during similar physical activities; therefore their estimated EE could be similar
despite slightly lower PAMS-measured activity. The degree to which the decrease in
physical activity following overfeeding could contribute to eventual weight gain in OP

Schmidt et al. Page 6

Obesity (Silver Spring). Author manuscript; available in PMC 2013 September 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



individuals then is not large but could perhaps be relevant over long periods of time and
multiple episodes of overfeeding.

This study adds to a growing literature on the role of SPA in the development of obesity.
Studies in OP (4) and OR animal models suggest that levels of NEAT are at least partially
genetically determined and can promote or protect against obesity (23,24). Human studies
have also observed NEAT to be a familial trait, which may account for large inter-individual
differences in its contribution to TEE and may predict the propensity for weight gain
(25,26). Obese individuals have been shown to walk significantly less than lean individuals
(11). Given that obesity makes it difficult for individuals to be physically active because of
joint pain (27), social stigma (28), and other factors, it is difficult to say from studies like
this if moving less contributes to the development of obesity or if obesity itself leads to
lower levels of SPA. A strength of the current study is that we chose to measure SPA in
people who were not yet obese but who were selected for a propensity to gain weight or
remain thin. On the other hand it is difficult to determine the accuracy of the method we
used in categorizing OP and OR individuals. Much of the categorization relied on the
subject’s perception of their tendency to gain weight or not. We are following these
individuals prospectively to determine their weight trajectory over time. However, we have
already seen individuals who were initially categorized as OP who decided to consciously
lead a healthy lifestyle to minimize weight gain so that they would not develop the health
problems that they had seen family members endure. Other OR subjects have undergone life
events that resulted in substantial weight gain. This demonstrates to us that longitudinally
determined weight gain may not be a better reflection of a biological predisposition to
weight gain than subjects’ own sense of their predisposition to weight gain.

A number of previous studies have examined the effects of overfeeding on EE. Most of
these studies have imposed hypercaloric diets for periods of time that do not routinely occur
with normal living (29-31). These studies demonstrate that there is a good deal of
heterogeneity in the degree of weight gain following overfeeding suggesting genetic
variation in the adaptive responses to overfeeding that either predispose to or protect from
weight gain (9,31). These studies did not directly measure SPA but have found either an
increase in nonresting EE following overfeeding (9) or no change (32). A number of studies
have examined short-term overfeeding and demonstrated increases in TEE especially
associated with overfeeding of a high carbohydrate diet (33-35). One of these studies found
that SPA measured by radar in a room calorimeter decreased following 3 days of
overfeeding (36). Others found either no change in measured SPA (37,38) or increases in
nonresting EE (39). This is to our knowledge the first study that examined the effects of
short-term overfeeding on directly measured SPA in OP and OR men and women.

Another limitation of this study is the statistical approach employed. If we use a more
rigorous approach accounting for multiple comparisons we do not find any significant
differences. Although it may be that there are no differences between groups or conditions,
we saw similar patterns in the pedometer data and this suggests to us that there are real,
albeit small effects of phenotype and overfeeding. Why would there be differences in SPA 3
days following overfeeding though? Interestingly Bray and colleagues found evidence for
corrective responses in food intake measured in free living human subjects that occurs with
a lag time of 3–4 days (40). It may be that the body makes adaptive responses to alterations
in energy balance not over hours but rather over days. This study supports this view of how
the weight regulatory system functions. However, it may be that larger or different effects
would have been seen if more than 3 days of overfeeding or a greater degree of overfeeding
had been employed.
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Another finding of the study is that as assessed by pedometers, subjects moved less while
they were wearing the NEAT suits. Although these devices allow greater precision in the
measurement of SPA in freely living human subjects, because of their cumbersome nature,
they may in and of themselves lead to a decrease in physical activity. As shown in the
photographs of the devices, the sensors were connected to data loggers that had to be worn
in a pack outside of clothing. Many subjects reported that they were less inclined to go out
for a run when wearing the devices because of their cumbersome nature. It may be that all
devices used to measure physical activity exert some effect on the parameter being
measured. It may be that there is a trade-off between the accuracy of the data and the
influence the device has on the measured parameter.

Based on the findings from this study, it seems unlikely that nonobese individuals who are
resistant to obesity differ substantially from OP individuals in habitual levels of physical
activity. However, OP individuals may decrease their daily movement following short-term
overeating to a greater degree than individuals who are resistant to obesity, possibly
contributing to future weight gain.
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Figure 1.
Protocol schematic overview of the study design.
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Figure 2.
Physical activity measurement system. Attachment of inclinometers and accelerometers onto
adult’s clothing for physical activity measurement.
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Figure 3.
Percent of time spent in various positions across all study days. Data presented is measured
physical activity on days 5–10 of the EU and OF diet periods. Physical activity is presented
as the percent of time that the physical activity measurement system were worn in the
different body positions and levels of movement. EU, eucaloric diet period; OF, overfed diet
period; OP, obesity prone; OR, obesity resistant.
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Figure 4.
Physical activity measured with physical activity measurement system (PAMS) days 8–10.
(a) Total acceleration in upright position on days 8–10 during the eucaloric (EU) and
overfed (OF) study periods in obesity resistant and obesity prone subjects. Data are
presented as volts as measured from the PAMS on each day. (b) Percent of time in upright
position with increasing levels of movement on the first day of the ad lib diet (day 8).
Physical activity is presented as the percent of time that the PAMS were worn in the
different levels of movement. (c) Percent of time in upright position with increasing levels
of movement on the second day of the ad lib diet (day 9). Physical activity is presented as
the percent of time that the PAMS were worn in the different levels of movement. (d)
Percent of time in upright position with increasing levels of movement on the third day of
the ad lib diet (day 10). Physical activity is presented as the percent of time that the PAMS
were worn in the different levels of movement. *P < 0.05 EU vs. OF within obese group; #P
= 0.02 EU vs. OF within obese group; P < 0.001 EU vs. OF within obese group.
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Figure 5.
Physical activity measured with pedometer. (a) Steps taken by all subjects during the
baseline period (days −3−4) while physical activity measurement system (PAMS) were not
worn and during the entire eucaloric (EU) and overfed (OF) diet periods (days 5–10) while
the PAMS were worn. *P < 0.05 compared with baseline. (b) Steps taken on the third day of
the ad lib diet (day 10). Data presented is the average number of steps taken on the third day
of the ad lib diet in both the EU and OF diet periods for OP and OR subjects. *P < 0.05 for
main effect of obese group.
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Table 1
Body position based on inclinometers. Overall body position (lying, sitting, or standing)
was determined using angles of inclinometers on the upper and lower body

Angles
(in degrees)

Upper body
state

Lower body
state

Overall body
postition

0–49 Vertical Vertical Standing

50–109 Horizontal Horizontal Lying

110–254 Vertical Horizontal Sitting

255–299 Horizontal Horizontal Lying

300–360 Vertical Vertical Standing
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Table 2
Type of movement based on acceleration. Level of movement was determined by volts
taken from accelerometers while subjects where in the standing position

Movement in standing postition Accel (V)

Standing still <2.5

Walking slow pace 2.5–5

Walking normal pace 5–8

Walking quick pace 8–10

Vigorous activity >10
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Table 3
Subject characteristics. Values are means ± s.d

OP OR

n 23 32

Men/women 8/15 16/16

Age 28.5 ± 2.3 28.1 ± 2.9

BMI (kg/m2) 23.8 ± 2.7 20.6 ± 2.2*

Body fat (%) 26.5 ± 7.9 19.4 ± 5.4*

Fat-free mass (kg) 51.0 ± 9.8 51.6 ± 11.2

RMR (kcal/day) 1540 ± 212 1541 ± 288

Calorie intake EU 2324 ± 322 2352 ± 463

Calorie intake OF 3243 ± 425 3216 ± 342

EU, eucaloric diet period; OF, overfed diet period; OP, obesity prone; OR, obesity resistant; RMR, resting metabolic rate.

*
Significant difference by group, P < 0.05.
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