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Abstract

Purpose—To test whether moderate-to-vigorous physical activity (MVPA) in less than the 

recommended 10+ minute bouts relates to weight outcomes.

Design—Secondary data analysis.

Setting—Random sample from the U.S. civilian non-institutionalized population included in the 

National Health and Nutrition Examination Survey (NHANES).

Participants—4,511 adults age 18–64 from the 2003–2006 NHANES.

Method—Clinically measured body mass index (BMI) and overweight/obese status were 

regressed on accelerometer measures of minutes/day in higher-intensity long bouts (≥10 minutes, 

≥2020 accelerometer counts per minute (CPM)), higher-intensity short bouts (<10 minutes, ≥2020 

CPM), lower-intensity long bouts ((≥10 minutes, between 760–2019 CPM) and lower-intensity 

short bouts (<10 minutes, between 760–2019 CPM). Socioeconomic and demographic 

characteristics were controlled.
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Results—Both higher-intensity short bouts and long bouts of physical activity related to lower 

BMI and risk of overweight/obesity. Neither lower-intensity short bouts nor long bouts related to 

BMI or risk of overweight/obesity.

Conclusion—The current 10+ minute MVPA bouts guideline was based on health benefits other 

than weight outcomes. Our findings show that for weight gain prevention, accumulated higher- 

intensity PA bouts of less than 10 minutes are highly beneficial, supporting the public health 

promotion message that “every minute counts.”
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1. Introduction

As physical activity (PA) recommendations for health have changed over time from more 

vigorous to more lifestyle PA recommendations, the evidence for whether “every minute 

counts” is sparser than the evidence for more sustained high intensity activity. 1, p. 8 The 

1970s “exercise” prescription of 20+ minutes of sustained vigorous physical activity was 

replaced by broader recommendations that included lifestyle activities, such as brisk walks. 

Specifically, on most days of the week, individuals should achieve at least 30 minutes of 

moderate-to-vigorous physical activity (MVPA), accumulated in “bouts as short as 8 to 10 

minutes.” 2, p. 405 In the health promotion field, many recommendations likely yield even 

shorter bouts. For example, common recommendations to take the stairs when possible or to 

walk to the corner store likely yield bouts that are shorter than 10 minutes. Such short 

duration physical activities are commonly reported by participants in programs to increase 

PA.3

The 10-minute minimum MVPA bout recommendation was based on randomized trials that 

compared interventions that consisted of longer bouts, such as 30-minute continuous bouts, 

or shorter bouts, with total MVPA minutes held constant. For example, studies might 

compare two treatments: one daily 30-minute walking bout versus three daily 10-minute 

walking bouts.4 Such studies served as the foundation for the 2008 recommendations of 150 

moderate physical activity (MPA) minutes/week, to be accumulated in 10-minute bouts.5 

Specifically, the review underlying the 2008 MPA guideline judged there was sufficient 

evidence to support cardiovascular and fitness benefits from accumulated 8–10+ minute 

MPA bouts, but insufficient evidence to recommend 8–10+ minute bouts to favorably 

modify body mass index (BMI; kg/m2).6 This left two questions untested: do 10-minute 

MVPA bouts relate to BMI and do even shorter, less than 10-minute bouts, relate to BMI?

A review of eight short-versus-long-bout studies showed that MVPA training related to 

lower BMI, with four studies favoring accumulated 10-minute bouts and only one study 

favoring a longer 30-minute bout.7 Evidence for the health benefits related to <10 minute 

bouts has been sparse but promising. Some clinical trials showed cardiovascular health 

benefits of shorter bouts of six minutes 8 or 5–10 minutes.9, 10 Past reviews also found 

evidence that health benefits may accrue from any additional MVPA.11, 12 One small clinical 

intervention study showed that 5+ minute bouts were related to lower BMI.10 Most relevant 
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to the present research is a study by Strath et al.,13 who used 2003–2004 National Health 

and Nutrition Examination Survey (NHANES) data. The investigators tested whether MVPA 

“nonbouts,” defined as <10 minute MVPA bouts, would predict BMI after controlling for 

≥10-minute MVPA bouts as well as age, race/ethnicity, smoking status, gender, and self-

reported health status. Nonbout MVPA minutes/day related to lower BMI but the 

associations were about one-fourth as powerful as bout minutes/day.

Since the publication of Strath et al.,13 new research has suggested different standards for 

both bouts and MVPA thresholds. Strath et al.13 required ≥10-minute continuous MVPA to 

define an MVPA bout. More recently, there has been consideration of “modified 10-minute 

bouts” that permit 1–2 minutes below MVPA threshold in a 10-minute bout to allow for 

interruptions common in lifestyle physical activities, such as pausing for traffic before 

walking across streets.14 In addition, most recent MVPA definitions15 require higher 

accelerometer counts per minute (CPM) thresholds than the 760 CPM used by Strath et al.13 

Troiano et al.14 computed from a sample-weighted average of prior accelerometer validation 

studies a MVPA threshold of ≥2,020 CPM, equivalent to 3 metabolic equivalents (METs; 1 

MET=3.5ml O2.kg−1min−1). As noted by Metzger,16 these prior studies used MVPA CPM 

cut points ranging from ≥1,267 to ≥2,743.17–20 Accordingly, an activity like child care 

(equivalent to 2.4 METs) would register about 760 CPM, while a brisk walk would register 

slightly more than 2020 CPM.15 These new standards and definitions suggest the need to 

revisit and extend Strath et al.’s research. 13

To test whether physical activity accumulated in shorter than the recommended 10+ minute 

bouts relate to BMI, this study amplified Strath et al.’s13 work in several important ways. 

First, we used the recently developed modified 10+ minute bouts definition that allows for 

1–2 minutes below MVPA threshold in a 10-minute bout.14 Second, we used Troiano et 

al’s14 2,020 CPM cutoff point as intensity thresholds for MVPA. However, because the 

literature is not in complete agreement as to what intensity threshold should be used for 

MVPA, we created additional lower-intensity PA measures to capture PA minutes between 

Strath’s 760 CPM cutoff point and Trioano et al’s 2020 CPM cutoff point. Third, we 

combined NHANES years 2003–2006 to create a larger, more updated sample. Fourth, we 

expanded on Strath et al.’s control variables to include additional important covariates that 

have been found to predict BMI: age,13 marital status,21 education,22 race/ethnicity,13 family 

size,23 household income below the poverty level,24 caloric intake,25 self-reported current 

smoking status,26 and self-reported poor or fair health.13

From an energy-balance perspective, compared to no activity, both short and long bouts of 

MVPA activity should generate higher energy output, resulting in lower weight. Thus we 

hypothesized that short bouts of MVPA would be associated with lower BMI, after 

controlling for long bouts of MVPA and other socio-demographic and health-related 

covariates. Further, we hypothesized that higher-intensity bouts would be associated with 

lower BMIs, compared to lower-intensity bouts.

Although it is important to base population health guidelines on a broad array of health 

indicators, not just normal BMI, considerable literature indicates a reduction in health risk 

associates with a reduction in weight. Thus, investigations into the relationship between 
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BMI and MVPA bout durations typical of everyday PA would be informative to the health 

promotion community.

2. Methods

The National Health and Nutrition Examination Survey (NHANES) is a program of studies 

designed to assess the health and nutritional status of adults and children in the United 

States. NHANES is a major program of the National Center for Health Statistics (NCHS), 

which is part of the Centers for Disease Control and Prevention (CDC). Since 1999, the 

survey has been a continuous program that examines a nationally representative sample of 

about 5,000 persons each year. A complex, multistage, probability sampling design is used 

to select participants who are representative of the civilian, non-institutionalized U.S. 

population. These persons are located in counties across the country, 15 of which are visited 

each year. The NHANES survey is unique in that it combines interviews and physical 

examinations. The interview component includes demographic, socioeconomic, dietary, and 

health-related questions. The examination component consists of medical, dental, and 

physiological measurements, as well as laboratory tests administered by highly trained 

medical personnel. 27

In 2003–2006 the NHANES participants 6 years of age and over received accelerometers 

(Actigraph 7164, LLC, Ft. Walton Beach, FL) to wear at home for 7 consecutive days. 

Those who used wheelchairs and those with other impairments that prevented them from 

walking or wearing the accelerometers were not given a device.28 For this study, adults aged 

18–64 (n=8,500) were selected. Individuals over the age of 64 were excluded because of the 

more complicated relationship between BMI and health in older populations.29 Also 

excluded were those with pregnancies (n=634), missing BMIs (n=469) BMIs <18.5 or >60 

(n=184), or those who did not meet accelerometer data standards (n=3,617), described 

below. Some excluded participants met multiple exclusion criteria. The final sample size was 

4,511, comprised of 2,202 women and 2,309 men.

Variables and Measures

Outcome measures included clinically measured BMI and a categorical measure of 

overweight/obesity. For physical activity measures, Troiano et al.’s14 SAS macro for 

processing NHANES accelerometer data was utilized. Four days of 10+ hours of 

accelerometer wear were required for the accelerometer data to be considered valid.14 Non-

wear time was defined by ≥ 60 consecutive minutes of zero activity intensity counts, 

allowing for 1–2 minutes of <100 CPM. Wear time was defined by 24 hours minus non-wear 

time. Accelerometer data were discarded if units were out of calibration when returned or 

measured unlikely levels (i.e., 32,767 CPM) of activity.28

Combining both bout length and intensity cutoff points, four physical activity measures were 

created: higher-intensity long bouts (≥10 minute bouts and ≥2020 CPM), higher-intensity 

short bouts (<10 minute bouts and ≥2020 CPM), lower-intensity long bouts (≥10 minute 

bouts and between 760–2019 CPM), and lower-intensity short bouts (<10 minute bouts and 

between 760–2019 CPM). Higher-intensity long bouts represented the CDC recommended 

10+ minute MVPA bouts, allowing for 1–2 minute interruptions within any 10-miniute 
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window. The average daily minutes for each category were calculated across all valid days. 

Note that these four measures were mutually exclusive. Depending on the intensity threshold 

and bout length requirement, some or all of these four measures could be added up to form 

various measures of total MVPA minutes per day.

As defined in Table 1, covariates based on past research included age (log transformed to 

account for possible nonlinearity and heteroscadesticity),13 marital status,21 education,22 

race/ethnicity,13 family size,23 household income below the poverty level, 24 average caloric 

intake per day based on two one-day dietary recalls,25 self-reported current smoking 

status, 26 and self-reported poor or fair health.13 Total accelerometer wear time across all 

valid days was also controlled.30

Statistical Analyses

Analyses were conducted with SAS 9.2, including descriptive analyses (Surveymeans and 

Surveyfreq), least square regressions for BMI (Surveyreg), and multinomial logistic 

regressions for the categorical variable of normal weight, overweight and obese 

(Surveylogistic). These procedures corrected for the complex sampling design of NHANES 

as recommended.31 Sampling weights were adjusted for combining 2003–2004 and 2005–

2006 data. Past research found significant gender differences in BMI determinants.32 

Accordingly, statistical analyses were conducted for men and women separately using 

domain analysis. In addition, domain analyses were also utilized to account for the sample 

selection criteria of four days of valid accelerometer wear. While four domains were 

included in the analysis by gender and accelerometer data validity, only the results for two of 

these domains were relevant for this study: women with four days of valid accelerometer 

data, and men with four days of valid accelerometer data. Diagnostic tests revealed no 

problematic levels of multicollinearity.

3. Results

Table 1 shows that average BMIs were in the overweight range. Compared to women, men 

were more likely to be overweight (41% versus 27%) but less likely to be obese (32% versus 

34%), to smoke (27% versus 20%) and to consume more calories per day (2,679 versus 

1,850).

Figure 1 reveals that individuals achieved substantially more higher-intensity MVPA 

minutes in short bouts than the recommended long bouts, with very short 1–2 minute bouts 

especially prevalent. Note that in Figure 1, the apparent jump from 7-minutes to 8+ minute 

bout length is an artifact of combing all higher-intensity long bouts together.

For both men and women, most PA minutes were accumulated in lower-intensity short 

bouts, followed by higher-intensity short bouts, lower-intensity long bouts, and higher-

intensity long bouts. Men were more physically active than women (Table 1), accruing 

longer mean daily minutes in all four measures of physical activity. Converting the average 

daily minutes to weekly minutes, women on average accumulated 46 minutes higher-

intensity long bout minutes per week, compared to men’s 61 minutes. Both were much less 

than the 150 minutes per week recommendation. However, if higher-intensity short bout 
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minutes were added, women on average accumulated 144 minutes per week, almost at the 

150 minutes per week recommendation in terms of MVPA minutes, while men accumulated 

246 minutes per week, exceeding the recommendation in terms of weekly MVPA minutes.

Additional analyses (not shown in tables) by age showed that higher-intensity PA decreased 

steadily with age, while lower-intensity PA had an inverse-U pattern, peaking between ages 

25–44. About 48% women and 61% men spent some time in higher-intensity long bouts, 

while 83% women and 89% men spent some time in lower-intensity long bouts. Almost all 

individuals spent some time in short bouts of either higher- or lower-intensity.

For women, the regression results in Table 2 show that each average daily minute spent in 

higher-intensity long bouts was related to −0.04 BMI, after adjusting for confounding 

variables. Each average daily minute spent in higher-intensity short bouts was associated 

with −0.07 BMI. However, Wald’s F test showed that the difference between the coefficients 

for short and long higher-intensity bouts was statistically insignificant (p = 0.35). The two 

lower-intensity measures had no statistically significant relationship with BMI.

Applying the BMI formula of weight in kilogram (kg)/height in meter(m)2 or weight in 

pounds (lb)/height in inches2*703, each average daily minute spent in higher-intensity 

MVPA had the equivalent calorie offset of 0.19kg (0.41lb) for short bouts and 0.12kg 

(0.26lb) for long bouts, for a 165cm (5′5″) woman. This means when two 165cm (5′5″) 

women are compared, after adjusting for confounding variables, the woman who regularly 

engages in one more minute of short-bout MVPA each day weighs 0.19kg (0.41lb) less than 

the other woman, while one more minute of long-bout MVPA is related to an additional 

0.12kg (0.26lb) less.

For men, the results were similar, but with smaller effect sizes. The coefficients were −0.04 

for higher-intensity short-bout minutes/day and −0.03 for higher-intensity long-bout 

minutes/day. Wald’s F test showed that the difference between the coefficients for higher-

intensity short and long bouts was statistically insignificant (p=0.42). The two lower-

intensity measures had no statistically significant relationship with BMI.

Applying the BMI formulas again, each average daily minute spent in MVPA had the 

equivalent calorie offset of 0.12kg (0.27lb) for higher-intensity short bouts and 0.09kg 

(0.20lb) for higher-intensity long bouts, for a 178cm (5′10″) man. This means when two 

178cm (5′10″) men are compared, after adjusting for confounding variables, the man who 

regularly engages in one more minute of higher-intensity short-bout MVPA each day weighs 

0.12kg (0.27lb) less, while one more minute of long-bout MVPA each day is related to an 

additional 0.09kg (0.20lb) less.

The results for the multinomial logistic regression on the categorical variable of normal 

weight, overweight, and obese are presented in Tables 3 (for women) and 4 (for men). 

Normal weight was used as the reference group. For both men and women, none of the four 

physical activity variables were statistically significantly associated with the risk of being 

overweight. In addition, lower-intensity physical activity minutes, short-bout or long-bout, 

were not significantly related to the risk of either overweight or obese. Where physical 

activity did matter was in the risk of obesity. Both higher-intensity long-bout and short bout 
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minutes were associated with lower risk of obesity, although the coefficient for higher-

intensity short-bout minutes did not reach the conventionally accepted statistical significance 

level for women. After adjusting for confounding variables, each daily minute higher-

intensity short-bout minute was associated with 2% lower odds of being obese for men. 

Each daily minute in higher-intensity long bouts was associated with 5% and 2% lower odds 

of obesity for women and men, respectively.

The effects of covariates confirm known patterns, albeit with some significance levels that 

vary by gender and weight measures. Tables 2, 3 and 4 show that older age and poorer health 

related consistently to higher BMI and higher risk of overweight or obesity. Both smoking 

and having a college degree were associated with lower BMI and lower risk of overweight or 

obesity. Less consistent effects emerged for marital status, other education categories, family 

size, poverty, ethnicity/race, calories, and total hours of accelerometer wear across valid 

days.

4. Discussion

As hypothesized, short bouts of higher-intensity MVPA related to lower BMI, even after 

controlling for the longer recommended bout lengths and many covariates. However, lower-

intensity bouts, long or short, were not significantly related to BMI or the risk of overweight 

or obese, after adjusting for confounding variables, supporting our second hypothesis that 

higher-intensity bouts related to BMI more than lower-intensity bouts.

As compared with the data reported by Strath et al.,13 our BMI results were similar for long 

bouts but more powerful for short bouts. We found higher-intensity long bouts to have 

regression coefficients of −0.04 and −0.03 for women and men, respectively, while Strath et 

al. found long bouts had coefficients of −0.04 for their combined gender data set. For the 

long bouts, Strath et al’s stricter definition with no allowance for 1–2 minute interruption led 

to a higher coefficient than ours, but the inclusion of lower-intensity bouts between 760 

CPM to 2012 CPM led to a lower coefficient than ours, leaving the combined effect 

comparable.

For the short bouts, we found regression coefficients of −0.07 and −0.04 for women and 

men, respectively, compared to −0.01 for Strath et al.’s 13 MVPA “nonbouts” (1–9 minutes) 

for their combined gender data set. Note that Strath et al.’s “nonbouts” variable included 

both higher-intensity and lower-intensity short bouts. Our findings show that higher-intensity 

short bouts were significantly related to BMI but lower-intensity short bouts were not. As 

such, Strath et al.’s inclusion of lower-intensity minutes greatly reduced the overall size of 

their “nonbouts” coefficient on BMI compared to ours, especially given that people 

accumulated so many more lower-intensity short-bout minutes (77 minutes/day for women 

and 90 minutes/day for men, Table 1) than higher-intensity short-bout minutes (14 

minutes/day for women and 27 minutes/day for men, Table 1).

Our data support the notion that every daily MVPA minute counts, in that every daily minute 

spent engaging in MVPA, in either short or long bouts, was associated with lower BMI for 

both men and women. However, such MVPA minutes have to be in higher-intensity, defined 
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as accelerometer intensity counts greater than 2020 CPM. Moreover, our results show that 

every minute in higher-intensity short bouts was just as beneficial to BMI as every minute in 

higher-intensity long bouts. Every minute of short bouts also related to lower obesity risk for 

men, but the negative coefficient for women was statistically insignificant.

The underlying explanatory mechanism for the lack of association between low intensity PA 

and BMI is not well understood. Past research has suggested that higher-intensity PA 

induces secretion of lipolytic hormones including growth hormone and epinephrine, 33, 34 

which may facilitate greater post-exercise energy expenditure and fat oxidation, while lower-

intensity PA does not have the same effect.35, 36 Further research efforts are needed for a 

better understanding of this issue.

The cross-sectional data limited our ability to determine cause and effect. It could be argued 

that individuals with higher BMIs may be less likely to engage in higher-intensity MVPA 

than individuals with lower BMIs. In addition, although objective accelerometer measures of 

MVPA are better than self-report, they do not measure the intensities of some activities, such 

as swimming and activities involving upper-body actions. Use of single cut points for all 

adults may lead to an underestimate of moderate intensity activity for individuals with 

certain chronic diseases by not accounting for the decline in exercise capacity with illness. 

Also, we focused only on BMI-related measures, not other health outcomes. Nevertheless, 

our study utilized a nationally representative sample and updated MVPA thresholds, with an 

extensive list of appropriate control variables. As such, out data strongly suggested that 

physical activity in bouts shorter than 10 minutes is related to lower BMI.

The question of whether short bouts relate to health is important for health promotion and 

obesity prevention efforts. Long bouts take more deliberate efforts. Although the current 

MVPA guideline of accruing 8–10+ minute bouts to total 150 or more MVPA minutes per 

week has demonstrable health benefits,5 the reality is that less than 4% of U.S. adults aged 

20–59 achieve this guideline.14 Short bouts of exercise, on the other hand, may enhance 

adherence.37 If individuals understand that short bouts also support healthier BMI, they may 

be encouraged to weave them into their daily routines.

These results support current health promotion campaigns and programs. For example, New 

York City has adopted design guidelines that encourage planners and builders to design 

attractive stairs, to create short walks from workspaces to lunchrooms, mail rooms, and 

bathrooms, based upon the assumption that short bouts of walking are healthy.38 Such short 

daily walks may be fairly accessible; for example, 93% of workers in one study noted that 

stairs were accessible to them at work. 39 Although this study did not examine health 

outcomes beyond BMI and overweight/obesity, the evidence suggests that current campaigns 

that encourage bouts shorter than the 10-minute traditional bout may be consistent with 

healthy weight.

5. Conclusions

The health promotion implication from our research is: “Every minute counts!” The results 

support public health and clinical recommendations to make small lifestyle changes such as 
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taking stairs instead of elevators, or parking further for a longer brisk walk to and from work 

or shopping. If done on a regular basis, such MVPA activities are consistent with lower 

BMI. Although long durations of exercise are beneficial to health, our results show that brief 

and brisk bouts are just as beneficial to BMI.

Acknowledgments

This research was supported by National Institute of Health NIDDK Grant Number 1R21DK080406-01A1 and 
NIDDK ARRA 3R21 DK080406-02S1. The funding agency had no involvement in study design, data analysis, 
interpretation of the results, and decision to submit this article for publication. The authors declare that there are no 
conflicts of interest.

References

1. Suitor, CW., Kraak, VI. Adequacy of Evidence for Physical Activity Guidelines Development: 
Workshop Summary. National Academy Press; 2007. 

2. Pate RR, Pratt M, Blair SN, et al. Physical activity and public health: A recommendation from the 
Centers for Disease Control and Prevention and the American College of Sports Medicine. Journal 
of the American Medical Association. 1995; 273:402–407. [PubMed: 7823386] 

3. Yan, T. A meta-analysis of within-household respondent selection methods. American Association 
of Public Opinion Research Annual Conference; Hollywood, FL. 2009; 

4. Murphy MH, Nevill A, Neville C, Biddle S, Hardman A. Accumulating brisk walking for fitness, 
cardiovascular risk, and psychological health. Medicine & Science in Sports & Exercise. 2002; 
34(9):1468–1474. [PubMed: 12218740] 

5. U.S. Department of Health and Human Services. 2008 physical activity guidelines for Americans. 
2008. 

6. Physical Activity Guidelines Advisory Committee. Executive summary of physical activity 
guidelines advisory committee report. Nutrition Reviews. 2009; 67(2):114–120. [PubMed: 
19178654] 

7. Murphy MH, Blair SN, Murtagh EM. Accumulated versus continuous exercise for health benefit: A 
review of empirical studies. Sports Medicine. 2009; 39(1):29–43. [PubMed: 19093694] 

8. Macfarlane DJ, Taylor LH, Cuddihy TF. Very short intermittent vs continuous bouts of activity in 
sedentary adults. Preventive Medicine. 2006; 43(4):332–336. [PubMed: 16875724] 

9. Woolf-May K, Kearney EM, Owen A, Jones DW, Davison RCR, Bird SR. The efficacy of 
accumulated short bouts versus single daily bouts of brisk walking in improving aerobic fitness and 
blood lipid profiles. Health Education Research. 1999; 14(6):803–815. [PubMed: 10585387] 

10. Coleman KJ, Raynor HR, Mueller DM, Cerny FJ, Dorn JM, Epstein LH. Providing sedentary 
adults with choices for meeting their walking goals. Prev Med. May; 1999 28(5):510–519. 
[PubMed: 10329342] 

11. Powell KE, Paluch AE, Blair SN. Physical Activity for Health: What Kind? How Much? How 
Intense? On Top of What? Annual Review of Public Health. 2011; 32(1):349–365.

12. Webb OJ, Eves FF, Kerr J. A statistical summary of mall-based stair-climbing interventions. 
Journal of Physical Activity and Health. 2011; 8(4):558–565. [PubMed: 21597129] 

13. Strath SJ, Holleman RG, Ronis DL, Swartz AM, Richardson CR. Objective physical activity 
accumulation in bouts and nonbouts and relation to markers of obesity in US adults. Preventing 
Chronic Disease. 2008; 5(4, A131):1–11. [Accessed Octobor 17, 2012] http://www.cdc.gov/pcd/
issues/2008/oct/07_0158.htm. 

14. Troiano RP, Berrigan D, Dodd KW, Mâsse LC, Tilert T, McDowell M. Physical activity in the 
United States measured by accelerometer. Medicine & Science in Sports & Exercise. 2008; 40(1):
181–188. [PubMed: 18091006] 

15. Matthews CE. Calibration of accelerometer output for adults. Medicine & Science in Sports & 
Exercise. Nov; 2005 37(11):S512–S522. [PubMed: 16294114] 

Fan et al. Page 9

Am J Health Promot. Author manuscript; available in PMC 2017 July 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cdc.gov/pcd/issues/2008/oct/07_0158.htm
http://www.cdc.gov/pcd/issues/2008/oct/07_0158.htm


16. Metzger JS, Catellier DJ, Evenson KR, Treuth MS, Rosamond WD, Siega-Riz A. Patterns of 
objectively measured physical activity in the United States. Medicine & Science in Sports & 
Exercise. 2008; 40(4):630. [PubMed: 18317384] 

17. Brage S, Wedderkopp N, Franks PW, Andersen LB, Froberg K. Reexamination of validity and 
reliability of the CSA monitor in walking and running. Med Sci Sports Exerc. Aug; 2003 35(8):
1447–1454. [PubMed: 12900703] 

18. Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and Applications, Inc. 
accelerometer. Med Sci Sports Exerc. May; 1998 30(5):777–781. [PubMed: 9588623] 

19. Leenders N, Sherman WM, Nagaraja HN, Kien CL. Evaluation of methods to assess physical 
activity in free-living conditions. Medicine & Science in Sports & Exercise. Jul; 2001 33(7):1233–
1240. [PubMed: 11445774] 

20. Yngve A, Nilsson A, Sjostrom M, Ekelund ULF. Effect of monitor placement and of activity 
setting on the MTI accelerometer output. Medicine & Science in Sports & Exercise. 2003; 35(2):
320–326. [PubMed: 12569223] 

21. Sobal J, Rauschenbach BS, Frongillo EA Jr. Marital status, fatness and obesity. Social Science & 
Medicine. 1992; 35(7):915–923. [PubMed: 1411692] 

22. Hermann S, Rohrmann S, Linseisen J, et al. The association of education with body mass index 
and waist circumference in the EPIC-PANACEA study. BMC Public Health. 2011; 11:169–181. 
[PubMed: 21414225] 

23. Weng HH, Bastian LA, Taylor DH Jr, Moser BK, Ostbye T. Number of children associated with 
obesity in middle-aged women and men: Results from the Health and Retirement Study. Journal of 
Women’s Health. 2004; 13(1):85–91.

24. Drewnowski A, Specter SE. Poverty and obesity: The role of energy density and energy costs. 
American Journal Of Clinical Nutrition. Jan; 2004 79(1):6–16. [PubMed: 14684391] 

25. Hill JO, Wyatt HR, Reed GW, Peters JC. Obesity and the environment: Where do we go from here? 
Science. Feb 7; 2003 299(5608):853–855. [PubMed: 12574618] 

26. Sisson SB, Camhi SM, Church TS, Tudor-Locke C, Johnson WD, Katzmarzyk PT. Accelerometer-
determined steps/day and metabolic syndrome. American Journal of Preventive Medicine. 2010; 
38(6):575–582. [PubMed: 20494233] 

27. Centers for Disease Control and Prevention. National Health and Nutrition Examination Surveys 
(NHANES) Data. 2003–2006. 

28. Centers for Disease Control and Prevention. NHANES 2003–2004 MEC Exam Component: 
Physical Activity Monitor Examination Data. 2007. 

29. Reynolds SL, Saito Y, Crimmins EM. The impact of obesity on active life expectancy in older 
American men and women. Gerontologist. Aug; 2005 45(4):438–444. [PubMed: 16051906] 

30. Van Dyck D, Cerin E, Cardon G, et al. Physical activity as a mediator of the associations between 
neighborhood walkability and adiposity in Belgian adults. Health and Place. 2010; 16(5):952–960. 
[PubMed: 20542461] 

31. Centers for Disease Control and Prevention. The NHANES: Analytic and Reporting Guidelines. 
2005. 

32. Frank LD, Kerr J, Sallis JF, Miles R, Chapman J. A hierarchy of sociodemographic and 
environmental correlates of walking and obesity. Prev Med. 2008; 47(2):172–178. [PubMed: 
18565576] 

33. Pritzlaff CJ, Wideman L, Blumer J, et al. Catecholamine release, growth hormone secretion, and 
energy expenditure during exercise vs. recovery in men. Journal of Applied Physiology. 2000; 
89(3):937–946. [PubMed: 10956336] 

34. Pritzlaff CJ, Wideman L, Weltman JY, et al. Impact of acute exercise intensity on pulsatile growth 
hormone release in men. Journal of Applied Physiology. 1999; 87(2):498–504. [PubMed: 
10444604] 

35. Irving BA, Davis CK, Brock DW, et al. Effect of exercise training intensity on abdominal visceral 
fat and body composition. Medicine & Science in Sports & Exercise. 2008; 40(11):1863–1872. 
[PubMed: 18845966] 

Fan et al. Page 10

Am J Health Promot. Author manuscript; available in PMC 2017 July 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



36. Yoshioka M, Doucet E, St-Pierre S, et al. Impact of high-intensity exercise on energy expenditure, 
lipid oxidation and body fatness. International Journal of Obesity and Related Metabolic 
Disorders: Journal of the International Association for the Study of Obesity. 2001; 25(3):332–339.

37. Jakicic JM, Wing RR, Butler BA, Robertson RJ. Prescribing exercise in multiple short bouts versus 
one continuous bout: effects on adherence, cardiorespiratory fitness, and weight loss in overweight 
women. International Journal of Obesity. 1995; 19(12):893–901. [PubMed: 8963358] 

38. New York City. Active design guidelines: Promoting physical activity and health in design. New 
York City; New York City: 2010. 

39. Karen AC. Strategies used to increase lifestyle physical activity in a pedometer-based intervention. 
Journal of Allied Health. 2004; 33(4):278–281. [PubMed: 15656259] 

Fan et al. Page 11

Am J Health Promot. Author manuscript; available in PMC 2017 July 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



So-What?

What is already known on this topic?

Few U.S. adults achieve the recommended 150+ minutes of moderate-to-vigorous 

physical activity (MVPA) per week in the recommended 10-minute minimum bouts. Few 

studies have investigated the relationship between bouts less than 10 minutes and weight 

outcomes.

What does this article add?

Using 2003–2006 NHANES accelerometer data, we relate weight outcomes to MVPA 

thresholds (760 vs. 2020 counts per minute (CPM)), bout durations (<10, 10+), and an 

extensive list of control variables. We find that bout duration does not matter for weight 

outcomes when intensity exceeds 2020 accelerometer CPM. Lower intensity bouts of 

either length are unrelated to weight.

What are the implications for health promotion practice or research?

This evidence supports current health promotions that urge individuals to add short bouts 

of MVPA to their day by using the stairs, walking to the store, or parking at the far end of 

the lot. For maintaining healthy weight, the health promotion message should be, “Every 

(brisk) minute counts!”
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Figure 1. 
Mean and 95% confidence interval (CI) of high-intensity moderate-to-vigorous physical 

activity (MVPA) minutes per day by bout length and gender, National Health and Nutrition 

Examination Survey (NHANES) 2003–2006
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