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The National Weight Control Registry (NWCR) was established in 1993 to examine characteristics of successful
weight-loss maintainers. This group consistently self-reports high levels of physical activity. The aims of this study
were to obtain objective assessments of physical activity in NWCR subjects and compare this to physical activity in
both normal-weight and overweight controls. Individuals from the NWCR (n = 26) were compared to a never-obese
normal-weight control group matched to the NWCR group’s current BMI (n = 30), and an overweight control group
matched to the NWCR group’s self-reported pre-weight-loss BMI (n = 34). Objective assessment of physical activity
was obtained for a 1-week period using a triaxial accelerometer. Bouts of moderate-to-vigorous physical activity
(MVPA) >10min in duration, as well as nonbout MVPA (bouts of MVPA 1-9min in duration) were summed and
characterized. NWCR subjects spent significantly (P = 0.004) more time per day in sustained bouts of MVPA than
overweight controls (41.5 = 35.1 min/day vs. 19.2 + 18.6 min/day) and marginally (P = 0.080) more than normal controls
(25.8 = 23.4). There were no significant differences between the three groups in the amount of nonbout MVPA. These
results provide further evidence that physical activity is important for long-term maintenance of weight loss and
suggest that sustained volitional activity (i.e., >10min in duration) may play an important role. Interventions targeting
increases in structured exercise may be needed to improve long-term weight-loss maintenance.

INTRODUCTION

Given the critical role of physical activity in weight-loss main-
tenance, it is important to have objective data on the amount of
physical activity common to individuals successful at weight-
loss maintenance. The National Weight Control Registry
(NWCR) was established in 1993 to investigate the character-
istics and behaviors of individuals who have been successful at
long-term weight-loss maintenance (1). With ~6,000 partici-
pants, the NWCR is the largest longitudinal prospective study
of individuals successful at long-term maintenance of weight
loss. To qualify for NWCR entry, individuals must have lost a
minimum of 13.6kg (301b) and have maintained that amount
of weight loss for at least 1 year.

The physical activity habits of the initial 784 subjects who
enrolled in the registry were described nearly 10 years ago in
an analysis by Klem et al. (1). Initial registry entrants were
predominantly female, white, married, and well educated.
These initial entrants far exceeded the minimum criteria for
registry entry: participants lost an average of 30kg (661b) and
maintained the minimum 13.6 kg weight loss for an average of

5.5 years. Physical activity seemed to be a key to success in this
group—nearly 90% of entrants reported using a combination
of diet plus exercise to both lose weight and maintain weight
loss. On average, initial registry entrants reported expending
~2,827kcal/week in physical activity—roughly the equivalent
of walking 28 miles/week (1).

Activity data from this initial description of the NWCR have
been referenced in several reviews and position statements
regarding the role of physical activity in weight-loss mainte-
nance (2-8). We recently re-examined the self-reported activ-
ity data for nearly 4,000 NWCR entrants and confirmed a
high level of activity (mean + s.d. 2,621 + 2,252 kcal/week) in
this larger sample (9). However, self-reported physical activ-
ity provides only crude estimates of levels of activity that are
prone to overestimation. Recently, Phelan et al. (10) reported
accelerometer-based estimates of physical activity in long-
term successful weight losers vs. normal-weight controls and
found that the former did significantly more physical activity
per day (58.6 vs. 52.1 min/day). However, the study lacked an
obese comparison group, so it remains unclear the extent to



which this level of activity would be more extreme compared
with obese controls. Moreover, the study did not examine
the number and duration of exercise bouts. Given the well-
recognized importance of activity in long-term weight con-
trol, objective data characterizing amount and type of activity
in which successful weight-loss maintainers engage could be
beneficial in clarifying activity recommendations for weight-
loss maintenance.

Accelerometers designed for assessing human movement offer
minute-by-minute measurements of activity and provide ameans
for quantifying overall movement over a period of several days to
weeks. Unlike pedometers, which simply count steps, accelero-
meters can capture intensity, frequency, and duration of move-
ment. Thus, they are able to distinguish moderate-to-vigorous
physical activity (MVPA) from less-intense activity, and can dis-
tinguish sporadic MVPA from the more sustained MVPA that is
usually defined as formal exercise.

The purpose of this study was to use accelerometers to objec-
tively evaluate the amount and intensity of activity of indi-
viduals successful at long-term weight loss in the NWCR. We
compared the amount and patterns of activity of NWCR sub-
jects to a group of normal-weight never-obese individuals and
a group of overweight and obese individuals We hypothesized
that NWCR subjects would engage in more sustained bouts of
MVPA than normal-weight and overweight controls.

METHODS AND PROCEDURES

Participants

Approval for the study was granted by the Colorado Multiple institu-
tional review board and all subjects signed an informed consent form.
NWCR subjects were recruited primarily from the NWCR database.
We mailed a letter to all NWCR participants in the Denver area inviting
them to participate. Control subjects were recruited through University
of Colorado Denver e-mail and Internet publications. A brief descrip-
tion of the study’s aim and procedures was provided in the adver-
tisements (as required by our institutional review board) such that
potential subjects were aware that study aims involved an assessment of
physical activity with an activity monitor. Study advertisements asked
interested persons to contact the research personnel over phone. Upon
contact, subjects were screened for inclusion and exclusion criteria, and
(ifapplicable) to ensure they still met NWCR criteria (maintenance of a
>13.6kg weight loss for at least 1 year).

We compared NWCR subjects to two different control groups. The
first was composed of a group of normal-weight individuals (BMI >
18 <25) who had never been obese. These subjects were recruited to
achieve a group mean BMI, which was similar to the mean current BMI
of NWCR subjects. For simplicity, we termed this group normal-weight
controls. The second group was composed of overweight and obese
individuals (BMI > 26 < 45). These subjects were recruited to achieve
a group mean BMI similar to the mean self-reported pre-weight-loss
BMI of NWCR subjects. For simplicity, we termed this group overweight
controls. Approximately, 120 potential subjects were screened to identify
our control groups. Information about age, gender, and current BMI was
collected and a nested subject selection procedure was used to match
group means for gender and age and to achieve the desired group mean
BMI matching. Though the NWCR is predominantly (>90%) white,
groups were not matched for ethnicity. Though we recruited primarily
within the University of Colorado Denver, 40% of lean controls and 44%
of overweight controls were not university employees. All subjects were
Colorado residents.

We excluded individuals with physical or medical limitations that
might prevent them from engaging in physical activity including

cardiovascular disease, cerebrovascular disease, neurologic disease,
active rheumatologic or musculoskeletal disease, chronic kidney or liver
disease, untreated thyroid disorder, uncontrolled diabetes, active psy-
chiatric illness, or substance abuse. We also screened potential subjects
with a Physical Activity Readiness Questionnaire (11). We excluded
pregnant and lactating women because their patterns of physical activ-
ity may be different from their usual baseline. We excluded individu-
als that reported swimming or water aerobics as their primary form
of exercise as accelerometers cannot be worn in water and we would
underestimate activity in these individuals. Subjects were not screened
based on any other activity criteria. We excluded individuals who were
not weight stable (loss or gain of >10% of body weight in the past 6
months), who were actively trying to lose weight, or who had under-
gone weight-loss surgery.

Demographic and weight history

Participants were asked to provide basic demographic information
(age, gender, ethnicity, education level, and marital status) and details
about weight history (maximum adult weight, duration of maintenance
of required minimum 301b weight loss).

Height, weight, and BMI

Height and weight were measured using a stadiometer and an elec-
tronic scale. BMI was calculated from the participants’ height and
weight (weight (kg)/height* (m))

Measurement of physical activity with accelerometry
Objective assessments of physical activity were obtained using the
Stayhealthy RT3 (Stayhealthy, Monrovia, CA). Technical specifica-
tions of the device have been described elsewhere (12). Briefly, the RT3
is a triaxial accelerometer that uses a piezoelectric bender to detect
acceleration of movement along three axes: vertical (x), anteroposterior
(y), and mediolateral (z) and covert them to activity counts. In addition,
the device calculates a composite score for the overall vector magnitude
calculated as vector magnitude = (x? + y* + z2)*°. Activity counts in each
axis and the total vector magnitude activity counts are summed over a
user-defined sampling period (epoch) and stored in the memory for
subsequent retrieval. For this study, the epoch interval was set at 1 min
(mode 3).

The RT3 has adequate intrainstrument and interinstrument coefficients
of variation at the higher hertz frequencies (coefhicients of variation <10
and <2.5%, respectively) when tested on a vibration table (12). The corre-
lations between accelerometer counts and submaximal oxygen uptake for
treadmill walking at different speeds and nonregulated physical activity
are 0.79 and 0.89, respectively (13).

The participant’s height, age, and weight are required to initialize the
RT3 unit. These measures were taken at a brief visit with the subject at
the time the subject received the accelerometer. Standardized instruc-
tions for the activity monitor were provided to subjects. Subjects were
asked to wear the accelerometer during all waking hours for a period
of seven complete and consecutive days, with the exception of bath-
ing and swimming. We asked that the week in which subjects wear
the monitor should be “typical week’, i.e. they should not be going
on vacation or engaging in other unusual activities. Participants were
asked to wear the unit on their waistband, and the location in which
the unit was worn was to be consistent from day to day. The participant
was not able to turn off the unit; and data were collected continuously
by the device. In addition, the participant was not able to see activity
counts recorded by the unit. The accelerometers were set to record
continuously until their storage capacity in the mode selected (just
over 7 days) was reached.

Testing was performed over a 2-year period between June 2004 and
June 2006.

Accelerometer units were randomly assigned as recommended by
Jakicic et al. (14) to minimize potential biases between the two groups
due to any interinstrument differences that may exist. Equal numbers of
NWCR subjects and controls were tested during any given calendar week



in order to minimize the effect that time of year or weather may have on
comparison of physical activity across groups.

Data analysis

File processing and data reduction. Data analysis was performed
by computer programs in Visual Basic for Applications developed at
the University of Colorado and the University of Pittsburgh. Total time
the RT3 was worn was determined by subtracting nonwear time from
total observation time for the day. Studies with other accelerometers
have used variable definitions of nonwear time (15-17) and there is no
clear consensus on how to define nonwear for accelerometers in general
or for the RT3 in particular. As the RT3 has a wider frequency range
than other accelerometers and our pilot data suggested sensitivity to
ambient vibration, we chose to allow slightly more low-level activity
counts in our definition of nonwear than the definitions that have been
reported with other devices. We defined nonwear time for the RT3 as
intervals of >30 consecutive minutes of zero counts with allowance for
up to two consecutive minutes of observations of 1-100 counts/min.
Periods of nonwear were defined as ending when count levels exceeded
zero counts for >2 consecutive minutes or when counts exceeded
100 counts/min.

Minimal wear parameters were chosen based on what has been
reported necessary to achieve reasonable reliability for assessment of time
spent in moderate-to-vigorous activity (18) and consistent with other
studies using accelerometers to assess bouts of moderate-to-vigorous
physical activity (MVPA) (15,19). A valid day was considered a day in
which the device was worn for >480 min (8 h). Parameters were set to
exclude from further analysis subjects who did not have at least 3 valid
weekdays and 1 valid weekend day; however, no subjects failed to meet
these criteria.

Selection of MVPA cutpoints based on calibration studies of the
RT3. The intensity threshold for MVPA (=984 counts/min) was based
on published activity count cutpoints for the RT3. Rowlands et al.
(13) assessed the relationship between accelerometer counts and oxy-
gen consumption during both treadmill walking/running and several
nonregulated activities. They report a locomotor count cutpoint value
for moderate activity (defined as >3 metabolic equivalents) derived
from assessment of treadmill activities (=1,316.6 counts/min), as well
as a composite count cutpoint for moderate activity (=984 counts/
min) based on all activities assessed. Because a primary objective in
our study was to obtain an objective description of activity level and
patterns in NWCR members, we chose the composite threshold of
>984 counts/min as we felt it was more appropriate to the spectrum of
activity in NWCR subjects. Although walking is a commonly reported
activity in the NWCR (9), the majority (66%) of NWCR members
report participating in activities other than or in addition to walking
(V.A. Catenacci, L.G. Ogden, J.O. Hill, and H.-W. Wyatt, unpublished
data). Other commonly reported activities in the NWCR include:
resistance training (29.2%), cycling (18.3%), aerobics (15.7%), cardio-
vascular exercise machines (14.6%), and running (14%) (ref. 9).

Measures of MVPA. We coded 1 min of RT3 data as 1 MVPA min if
vector magnitude activity counts were 2984 counts/min. From these
data, we calculated average daily minutes of MVPA in bouts and
nonbouts. We defined a bout of activity as 210 consecutive minutes
of activity similar to parameters reported by prior studies including
Strath et al. (15) and Troiano et al. (17) in the analysis of the NHANES
2003-2004 accelerometer data. We included a bout interruption allow-
ance of 1 min of less than MVPA for every 9 min of MVPA activity as
recommended when extracting bouts of MVPA (20). Nonbout activ-
ity was defined as episodes of MVPA lasting 1-9 min in duration. All
accelerometer counts in the MVPA range were summed into either
MVPA bout activity or MVPA nonbout activity. Our subsequent use
of the term “bout MVPA” refers to MVPA that occurred as part of
one of these concentrated bouts of activity, and “nonbout MVPA” to
MVPA that occurred outside of these sustained bouts. We further

examined patterns of activity by comparing the intensity, frequency,
and duration of bout and nonbout MVPA between groups

Statistical analysis

Descriptive statistics are presented in tables as either mean + s.d.
for continuous measures or percentages for categorical responses.
Significance level was set at & = 0.05. Data were analyzed graphically
to assess for any unusual values (none were found) and for normality.
Although data presented in Table 2 (total time worn, total counts/
day, and mean counts/min) were normally distributed, the data for
MVPA bout and to a lesser extent nonbout minutes (Table 3) were
not normally distributed. Thus, we have also reported the median and
quartiles (25 and 75% points) for the bout and nonbout MVPA data.
Independent sample f-tests were used to examine group differences
in baseline demographic variables. x*-Analyses were used to compare
group proportions across categories. Independent sample ¢-tests were
used to examine group differences in data that were normally dis-
tributed (total time worn, total accelerometer counts/day, and mean
accelerometer counts/min). Nonparametric Wilcoxon rank sum tests
were used to examine group differences in data that were not normally
distributed (bout and nonbout MVPA).

The sample size of this study was calculated to provide at least 80%
power to detect an effect size of 10 min/day between groups in bout
MVPA min/day based on a pooled standard deviation obtained from
Jakicic et al. (21). However, the variability observed in this study was
greater than was initially estimated. In a post hoc sample size calcula-
tion using a pooled standard deviation of 28.7 min/day we had 80%
power to detect a difference of 21.4 bout MVPA min/day between
groups.

RESULTS

Subject characteristics

Subject characteristics are displayed in Table 1. We studied
a total of 90 subjects: 26 NWCR, 30 normal-weight controls,
and 34 overweight controls. Most subjects were female, reflect-
ing the composition of the NWCR. The groups did not differ
in age or marital status. Significantly more minority subjects
were recruited in the normal-weight (20%) and overweight
(29%) control groups as compared to the NWCR group (4%).
The current BMI of NWCR subjects (23.4 + 2.5kg/m? mean
* s.d.), and of normal-weight controls (22.5 + 1.6 kg/m?) was
not significantly different (P = 0.149). The maximum BMI of
NWCR subjects (32.0 + 4.1kg/m?) was also not significantly
different from current BMI of overweight controls (31.9 +
4.1kg/m?), P = 0.985. NWCR subjects had lost a mean of
24.7 + 9.6kg (range 13.6-48.6kg) and maintained the regis-
try minimum >301b (13.6kg) weight loss for 14.2 + 9.8 years
(range 2-37 years). On average, subjects wore the physical
activity monitor for 14.0 £ 1.4h/day and for 6.7 + 0.7 days.
There were no significant differences in monitor wear time
between groups.

Overall activity level

Mean activity counts/min during the time the accelerometer
worn are shown in Table 2 and were 334 + 114 counts/min in
NWCR, 312 + 142 counts/min in normal-weight controls and
273 + 71counts/min in overweight controls. Differences in
mean counts/min between groups were only significant (P =
0.012) for the comparison between NWCR and overweight
controls. A similar pattern was observed with total accelero-
meter activity counts/day (Table 2).



Table 1 Subject characteristics

P value for comparison between groups

Normal-weight Overweight NWCR: Normal: NWCR:
NWCR (n=26) control (n=30) control(n=34) normal weight overweight overweight
Age? 459+8.7 45.7+9.3 446+9.3 0.929 0.654 0.590
Current BMI 23.4+25 225+1.6 31.9+4.1 0.149 <0.0001 <0.0001
Current weight (kg)? 65.6 +9.7 62.3+8.8 87.0+14.0 0.182 <0.0001 <0.0001
Maximum BMI? 32.0+41 23.4+2.2 33.6 +4.1 <0.0001 <0.0001 0.136
Maximum weight (kg)? 90.3 £68.3 65.3+11.0 91.6+13.4 <0.0001 0.706 <0.0001
P value for comparison across three groups
Male 3(11.54%) 4 (13.33%) 4 (11.76%) 1.000
Ethnicity 0.002
White 25(96.15%) 24 (80%) 24 (70.59%)
African Americans 0 0 6 (17.65%)
Asian 0 3(10%) 0
Hispanic 0 3 (10%) 3(8.82%)
Other 1(3.85%) 0 1(2.94%)
Education 0.040
High school 2 (7.69%) 2 (6.67%) 9 (26.47%)
College 11 (42.31%) 8(26.67%) 12 (35.29%)
Some grad school 0 0 2 (5.88%)
Graduate degree 13 (50%) 20 (66.67 %) 11 (32.35%)
Marital status 0.667
(missing for 6 subjects)
Married 14 (58.22%) 14 (60%) 19 (59.38%)
Living with someone 2 (8.33%) 1(3.57%) 1(3.13%)
Single 7(29.17%) 6(21.43%) 7(21.88%)
Divorced 1(4.17%) 6 (21.43%) 4(12.5%)
Widowed 0 0 1(3.13%)
Separated 0 1(3.57%) 0
NWCR, National Weight Control Registry.
#Mean + s.d.
Table 2 Comparison of overall activity level by subject group
P value for comparison?
Normal-weight Overweight NWCR: Normal: NWCR:
NWCR (N = 26) control (N = 30) control (N = 34) normal weight  overweight overweight
ACC counts/min 334+ 114 312 £ 142 273+ 71 0.520 0.174 0.020
328 (250, 391) 293 (237, 344) 280 (208, 317)
Total ACC counts/day 284,626 + 106,642 257,828 + 118,740 224,107 + 54,157 0.378 0.161 0.012
268,810 244,361 225,949

(192,527, 338,583) (189,387, 301,020)

(179,591, 261,817)

First line of data is mean + s.d., second line is median and 25th and 75th percentile values.

ACC, accelerometer; NWCR, National Weight Control Registry.
2P values obtained from independent sample t-tests

Patterns of MVPA

Bout MVPA. NWCR subjects accumulated more minutes
per day of MVPA in bouts of 210 min than did overweight
controls (41.5 + 35.1 min/day vs. 19.2 + 18.6 min/day). There
was also a near significant trend (P = 0.080) for NWCR

subjects to accumulate more daily minutes of bout MVPA
than normal-weight controls (25.8 + 23.4 min/day). Similar
results were seen for mean daily activity counts (Table 3). The
mean number of bouts of MVPA >10min was significantly
higher (P < 0.05) in NWCR subjects (1.4 + 1.0 bouts/day)



Table 3 Characteristics of bout and nonbout MVPA by subject group

P value for comparison

Normal-weight Overweight NWCR: Normal: NWCR:
NWCR (N = 26) control (N = 30) control (N = 34) normal weight overweight overweight
Bout MVPA
Minutes/day 415+35.1 25.8 +23.4 19.2+18.6 0.080 0.203 0.004
28.1(18.8,57.1)  22.1(7.6,32.7)  14.6(3.7,32.0)
ACC counts/day 99,456+ 92,722 66,965+ 85,569 38,079 + 37,183 0.086 0.153 0.003
72,454 46,012 24,883
(31,962,135,013)  (16,696,79,389) (8,751, 71,564)
Mean frequency 1.4+£1.0 0.9+0.6 0.8+0.8 0.047 0.445 0.013
(episodes/day) 1.1(0.8,1.7) 0.8(0.4,1.2) 0.6(0.3,1.3)
Mean duration 27.4+89 26.9+10.7 21.3+7.6 0.636 0.056 0.020
(min/episode) 25.9(20.3,32.8) 27.2(18.0,33.1)  21.6(15.0,26.3)
Mean intensity 2,272 + 641 2,242 + 782 1,909 + 371 0.624 0.194 0.034
(ACC counts/min) 2.034 1,078 1,809
(1,776, 2,703) (1,636, 2,594) (1,689, 2,141)
Nonbout MVPA
Minutes/day 28.1+10.8 32.6+15.4 32.3+12.4 0.279 0.979 0.182
28.2(19.5,34.6) 28.6(22.3,44.3)  32.3(25.1,40.9)
ACCcounts/day 39,037 + 15578  45455+22,044 43533+ 16777 0.220 0.773 0.258
37,910 (26,502,  40,523(31,323, 43,358 (31,969,
48,380) 61,132) 56,227)
Mean frequency 15.0+5.4 16.8+7.7 16.9+7.4 0.374 0.867 0.374
(episodes/day) 14.5(11.0,19.7)  16.3(11.4,22.6)  16.4(11.3,21.6)
Mean duration 1.9+0.4 1.9+0.3 1.9:0.3 0.214 0.920 0.304
(min/episode) 1701621 19(1.7,2.2) 19(1.7,2.1)
Mean intensity 1,371+ 80 1,379 + 91 1,344 + 88 0.701 0.037 0.117
(ACC counts/min) 1,350 1,389 1,323
(1,316, 1,429) (1,322, 1,448) (1,304, 1,375)

Bout MVPA defined as episodes of at least 10 consecutive minutes of MVPA, with a bout interruption allowance of one minute of less than MVPA for every 9 min of MVPA
activity. Nonbout MVPA defined as episode of MVPA with a duration of 1-9min. One minute of RT3 ACC data coded as 1 MVPA minute if accelerometer counts were
>984 counts/min. First line of data is mean + s.d., second line is median and 25th and 75th percentile values.
ACC, accelerometer; MVPA, moderate-to-vigorous physical activity; NWCR, National Weight Control Registry.

aP value computed by Wilcoxon rank sum tests.

than in either normal-weight (0.9 + 0.6 bouts/day) and over-
weight (0.8 + 0.80bouts/day) controls. NWCR subjects also
had longer bouts and higher intensity bouts than overweight
controls, but were similar to normal-weight controls on these
variables (Table 3).

Nonbout MVPA. Mean daily minutes of MVPA occurring
in bouts of <10 min in duration (nonbout MVPA) were not
significantly different across the three groups at 28.1 + 10.8,
32.6 + 15.4, and 32.3 + 12.4 min/day for NWCR, normal-
weight and overweight controls, respectively. There were
also no significant differences between the three groups in
mean daily activity counts accumulated in nonbout MVPA,
or in the frequency or duration of episodes of nonbout
MVPA (Table 3). Mean intensity (counts/min) of nonbout
MVPA is also shown in Table 3 and was significantly lower
than bout MVPA in all three groups (P < 0.001). Mean
intensity of nonbout MVPA was slightly higher in normal-

weight subjects (1,379 + 80 counts/min) and NWCR sub-
jects (1,371 = 80) as compared to overweight subjects
(1,344 + 88) but the difference was only significant for the
comparison between normal-weight and overweight sub-
jects (P =0.037).

Sensitivity analysis

We repeated our analysis based on an MVPA threshold of
>1,316 counts/min (threshold reported by Rowlands et al. (13)
based on data for treadmill activities only) to determine the
sensitivity to the count cutpoint we chose to use in our analysis
(data not shown). We found that while the minutes of MVPA
did decrease somewhat as would be expected (by ~25-30% for
bout MVPA minutes and 40% for nonbout MVPA minutes),
the overall pattern of differences in minutes of bout and non-
bout MVPA between the groups remained the same (including
similar levels of statistical significance).



DISCUSSION

The results provide objective insight into the amount of activ-
ity that may be necessary to promote long-term weight-loss
success. NWCR subjects engaged in ~41.5 min/day (or roughly
290 min/week) of sustained MVPA. This is significantly
>19.2min/day (roughly 134 min/week) of sustained MVPA
observed in obese controls. It was also greater (though not sig-
nificantly so) than the 25.8 min/day (roughly 181 min/week) of
sustained MVPA observed in normal-weight controls. These
results, obtained with objective measures of physical activity,
are consistent with previous measures of self-reported activity
that suggest NWCR subjects are highly physically active (9,22).
The level of activity we found in successful weight-loss main-
tainers using objective measures is also similar to what has been
shown to be necessary to prevent weight regain after weight
loss in several prospective studies by Jakicic et al. (21,23,24) in
which level of activity was defined using self-report.

It is important to note that there is a great deal of variability
in the amount of physical activity observed in all three groups,
as reflected by relatively high standard deviation in bout and
to a lesser extent nonbout MVPA minutes. It has previously
been observed in the self-reported physical activity data in
the NWCR (9) that there is considerable individual variability
in the amount of activity reported. Our study objectively
confirms substantial individual differences in the amount of
MVPA observed in a group of successful weight-loss maintain-
ers. Thus, it appears that some weight-reduced individuals can
manage their weight with less activity and some may require
more. The extent to which an individual is able to make and
sustain changes in eating behaviors may influence the amount
of activity needed to sustain weight loss. Other individual-
specific factors such as amount of weight lost, age, gender,
and genetic factors could also impact the amount of activity
needed. For these reasons, it may be difficult to develop a single
recommendation for the optimum amount of physical activity
for weight-loss maintenance.

There is currently a wide range of physical activity that is
recommended for maintaining weight loss. For example, the
Dietary Guidelines for Americans 2005 (25) recommends
60-90min of moderate-intensity physical activity per day
(420-630 min/week) to sustain weight loss for previously
overweight/obese people. Only 23.1% of NWCR subjects
engaged in >60min/day of bout MVPA and would there-
fore meet the recommended activity levels for this guide-
line. More recently the 2008 Physical Activity Guidelines for
Americans (26) concluded that many adults will need to do
>150 min/week of moderate-intensity physical activity to lose
and maintain weight loss, and some may need the equivalent
of 2300 min/week of moderate-intensity physical activity to
meet their weight-control goals. This guideline also recognizes
that achieving energy balance and a healthy weight depends
on both energy intake and energy expenditure and suggests
that combined with restricting caloric intake; these adults
should gradually increase minutes or intensity of activity until
the physical activity is effective in achieving a healthy weight.
Compared to these more recent recommendations, over two-

thirds (69.2%) of NWCR subjects in our study engage in
>150 min/week of bout MVPA, and nearly one-third (30.8%)
were found to engage in >300 min/week of bout MVPA. Thus,
the recommendations outlined for individuals desiring to
maintain weight loss in the 2008 Physical Activity Guidelines
for Americans seem reasonable and consistent with the results
of our study. The optimum amount of physical activity required
for weight-loss maintenance will depend on energy intake and
may also depend on other individual factors and will thus need
to be adjusted on an individual basis.

The results of our study also suggest an important role for
structured exercise in weight-loss maintenance. The patterns
of physical activity observed in our study suggest that NWCR
participants engage in purposeful, structured, exercise as
reflected in minutes of MVPA accumulated in sustained bouts.
Importantly, minutes of nonbout MVPA were similar across
the three groups suggesting that outside of the exercise bouts,
NWCR subjects were not any more or less active than their
normal-weight and overweight counterparts at other times
of the day. These results suggest that sustained activity (i.e.
210 min in duration) may be important for successful weight-
loss maintenance. It may be that NWCR subjects engaged in
planned exercise as a part of their weight-loss strategy, and
continue to do so as they maintain their weight loss. Structured
exercise may also be important because activity tends to be
at a higher intensity during a sustained bout of activity. It is
also possible that planned exercise is needed to achieve the
amount of activity required by many individuals to sustain a
weight loss.

We found some indication that NWCR subjects performed
more exercise (as reflected by a trend for both higher bout
MVPA minutes and higher activity counts accumulated in
bouts of MVPA) than a group of normal-weight individu-
als; however, our sample size was not large enough to detect
whether a difference of the magnitude observed was statisti-
cally significant. Our results in this area are consistent with a
previous study by Phelan et al. (10), which compared activity
patterns using the RT3 in a larger group of 135 individuals
maintaining a >10% weight loss for at least 5 years as com-
pared to 102 always normal-weight controls. Though methods
used to analyze the RT3 data were different (intensity cutoffs
were based on metabolic equivalent levels calculated by the
device, rather than activity counts), the results were similar.
The long-term weight-loss maintainer group spent signifi-
cantly more time per day than the always normal-weight group
in MVPA. These results may suggest that in order to counter
metabolic factors that predispose to weight regain (27-29),
weight-reduced individuals require a greater level of physical
activity to maintain their BMI than never-obese persons at the
same BMI. Alternatively, the higher activity level of successful
weight losers may be needed to offset greater caloric intake in
these individuals. Although we did not assess dietary intake
in this study, previous studies have suggested that successful
weight losers report consuming significantly less fat and some-
what fewer calories than normal-weight individuals without a
history of obesity (30).



A strength of this study is that it used objective measures
rather than self-report to assess patterns of physical activity.
The RT3 provides minute-by-minute data and allows detailed
study of activity patterns not available from other more accu-
rate but longer term cumulative measures such as doubly
labeled water.

Our study did have some limitations. Accelerometers may
underestimate the intensity of many common recreational
activities other than walking and running on level surfaces
(31-34). Given the spectrum of activity expected in our
NWCR subjects, we therefore chose to use the composite
MVPA threshold (2984 counts/min) identified by Rowlands
et al. (13), rather than the threshold defined based on locomo-
tor activities only (21,316 counts/day). However, it is possible
that this composite threshold may have overestimated MVPA
minutes in NWCR subjects or controls whose primary mode of
activity was locomotor. We also used the same count cutpoint
to identify MVPA in all three groups in our study. Chen et al.
(35) have noted that to the extent that accelerometer counts
may vary by BMI, MVPA estimates may be systematically
biased in overweight and obese adults. The RT3 is a relatively
new instrument and sufficient validation studies have not yet
been conducted to identify appropriate count cutpoints that
correspond to metabolic equivalent levels in a range of subjects.
Additional validation studies are needed to determine popula-
tion specific MVPA cutpoints for the RT3. Future studies with
more sophisticated methods of measuring energy expenditure
(i.e. doubly labeled water) are also recommended to further
characterize activity levels in these populations.

Our study results may not be generalizable to men or to cer-
tain ethnic groups. Our subjects were predominantly (nearly
90%) female. Although current physical activity recommenda-
tions do not differ between men and women, prior research in
the NWCR (1,9) suggests that there may be differences in the
magnitude of physical activity reported by weight-loss main-
tainers based on gender. Studies are needed to examine physi-
cal activity patterns in men maintaining a significant weight
loss to determine whether the results of this study can be gen-
eralized to this group. In addition, groups were not matched
for ethnicity. Our control groups had significantly more ethnic
minority subjects than our NWCR group which could have
biased results given data showing ethnic differences in activity
levels (17,19).

The results from this study may also not be representative of
the activity levels of weight-reduced, normal-weight, or over-
weight adults in the US population as a whole. The normal-
weight and overweight control groups in our study appeared
more active than previously reported national averages for
engagement in bout MVPA. Data from the NHANES 2003-
2004 physical activity monitoring component (15) compar-
ing bouts (=10 min) of MVPA by BMI category found mean
bout MVPA minutes per day were 18.0 in the normal-weight
group, 16.0 in the overweight subjects, and 10.3 in obese sub-
jects, using the Actigraph AM-7164 accelerometer (ActiGraph
LLC, Fort Walton Beach, Florida). Differences in the duration
of interruption allowed when extracting bouts of activity may

in part explain these findings. Our analysis allowed 1 min of
less than MVPA for every 9min of MVPA activity, while no
bout interruptions allowances were included in the analysis of
the NHANES data published by Strath et al. (15) Our screen-
ing procedures also excluded a broad range of medical con-
ditions, which might interfere with level of activity and it is
possible that the general good health of our subjects may in
part explain why higher levels of activity were observed in our
controls. Additional factors related to recruitment strategies
(volunteers were aware that the study involved an assessment
of physical activity) and study location (Colorado is one of the
leanest states in the nation (36) and may have a more physically
active population (37)) may also have resulted in higher levels
of activity in all three groups.

In summary, on average, individuals successful at weight-
loss maintenance spent significantly more total time each day
in structured activity (bout MVPA) than their overweight
and obese controls and tended to engage in more structured
activity as compared with their never-obese normal-weight
controls. Findings from this study provide further evidence
that high levels of physical activity are important for long-
term maintenance of weight-loss and support the concept
that a greater duration of physical activity may be needed for
weight regain prevention than for weight-gain prevention. The
activity patterns observed in our study also suggest that struc-
tured activity may play an important role in weight-loss main-
tenance, and interventions targeting increases in structured
exercise may be needed to improve long-term weight-loss
maintenance. It is also important to note there was a great deal
of variability in the amount of physical activity observed in
successful weight-loss maintainers. Over two-thirds of NWCR
subjects in our study engage in >150 min/week of bout MVPA,
and about one-third were found to engage in >300 min/week
of bout MVPA. This may reflect that there is a range of physical
activity that may be required to regulate body weight that will
depend on energy intake and may also be impacted by other
individual factors. As suggested in the 2008 Physical Activity
Guidelines for Americans (26), physical activity goals for
weight-loss maintenance should be adjusted on an individual
basis. Future studies designed to obtain a better understanding
of the individual-specific determinants of how much activity
is required for weight-loss maintenance, including the role of
dietary factors, should be a high research priority.
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