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Abstract
Background—Environmental factors including seasonal changes are important to guide physical
activity (PA) programs to achieve or sustain weight loss. The goal was to determine seasonal
variability in the amount and patterns of free-living PA in women.

Methods—PA was measured in 57 healthy women from metropolitan Nashville, TN, and
surrounding counties (age: 20 to 54 years, body mass index: 17 to 48 kg/m2) using an accelerometer
for 7 consecutive days during 3 seasons within 1 year. PA counts and energy expenditure (EE) were
measured in a whole-room indirect calorimeter and used to model accelerometer output and to
calculate daily EE and intensity of PA expressed as metabolic equivalents (METs).

Results—PA was lower in winter than in summer (131 ± 45 vs. 144 ± 54 × 103 counts/d; P = .025)
and in spring/fall (143 ± 48 × 103 counts/d; P = .027). On weekends, PA was lower in winter than
in summer by 22,652 counts/d (P = .008). In winter, women spent more time in sedentary activities
than in summer (difference 35 min/d; P = .007) and less time in light activities (difference −29 min/
d, P = .018) and moderate or vigorous activities (difference −6 min/d, P = .051).

Conclusions—Women living in the southeastern United States had lower PA levels in winter
compared with summer and spring/fall, and the magnitude of this effect was greater on weekends
than weekdays.
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In the last decade, the prevalence of overweight and obesity among women in the United States
has increased from 42.4% to 52.3%.1 Low levels of physical activity (PA) may have contributed
to this increase. Participation in regular PA decreases the risk of cardiovascular disease,2 type
2 diabetes,3 osteoporosis,4 depression,5 obesity,6 breast cancer,7 and colon cancer.8 Despite
the numerous benefits of PA9 and the recent attention to specific PA guidelines,10,11 47.9% of
women in the United States and only 32.8% of women in the southeastern United States
reported regular participation in moderate and vigorous PA outside the workplace.12
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PA is the largest variable component of daily total energy expenditure (TEE) and in free-living
humans, may vary from day to day,13 seasonally,14,15 and in response to environmental factors.
16 It has been suggested that seasonal variation in PA coincides with changes in blood lipid
levels, blood pressure, and bone density.17–19 Seasonal variation in leisure-time PA has been
described in cross-sectional surveys20 and in small longitudinal studies in homogenous groups.
21,22 Most of these studies assessed PA by means of self-report,15,22 pedometry,23 a
combination of self-report and accelerometry,15 and a combination of doubly labeled water
(DLW) method and accelerometry.24 If PA behavior is related to seasonal climate changes,
this should be considered when developing intervention and health promotion efforts designed
to increase PA in the general population. Unfortunately, information about the impact of
seasons on the amount of PA, PA associated EE, times spent in various PA levels, and
interactions between these factors in diverse populations is limited.

The goal of this study was to examine the amount and patterns of free-living PA across seasons
in a heterogeneous group of women living in the southeastern United States. Our primary
hypothesis was that there would be a significant seasonal influence on the amount, intensity,
and EE of free-living PA. Our secondary goal was to explore the relationship between PA and
body weight, body fat, and fitness level in our study population.

Research Methods and Procedures
Participants

Sixty-three women, 18 to 55 years of age, were recruited from the Nashville metropolitan area
located in Tennessee using advertisements, posters, e-mail, or through informal contacts. They
received written information about the nature, purpose, and eligibility criteria of the study and
signed informed consent approved by the Institutional Review Board at Vanderbilt University
before enrolling into the study. Women were eligible for participation if they were apparently
healthy with no evidence of past or present thyroid disorders, diabetes mellitus, heart disease,
did not use drugs or supplements known to affect energy metabolism, were not actively
participating in a weight loss program, were eating a normal habitual diet, and were
nonsmokers.

Protocol
Each participant was studied for 6 to 8 months, and the measurements of PA were recorded
during summer (June to August), either fall (September to November) or spring (March to
May), and winter (January and February). Fall and spring were used interchangeably based on
previous studies showing no significant differences between spring and fall in the amount of
PA14,25 and because of similar weather and temperature patterns in the southeastern United
States. During the current study, the average daily temperature between December and
February (39°F) was lower than the average temperature between June and August (77°F). The
average temperature between March and May (59°F) was similar to the temperature between
September and November (61°F). The study was conducted during 3 consecutive seasons.
Each monitoring period extended over 7 consecutive days, which included 5 to 6 weekdays
and 1 to 2 weekend days. The triaxial accelerometer Tritrac-R3D (Reining International,
Madison, WI, USA) readings were recorded on a minute-by-minute basis throughout waking
hours except for instances when this was not feasible (eg, during showering or swimming). All
parameters used to describe the amount of PA (PA counts) were analyzed for the entire
experimental period and then were separated into the weekday and weekend categories.
Weekday PA was defined as any activity that took place from 7:00 AM Monday through 7:00
AM Saturday. Weekend PA included all activities that took place 7:00 AM Saturday to 7:00
AM Monday.
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Health history and a physical examination that included blood pressure and EKG were
completed at the baseline visit. Body composition, resting energy expenditure (REE), and
maximal oxygen consumption (VO2max) were also measured at that visit. Study visits before
the second- and third-season monitoring periods included changes in health history and
anthropometrics.

Calculation of Free-Living Physical Activity (PA)
PA was measured in terms of body acceleration in 3 dimensions. The primary outcome was
the square root of the raw activity counts, or vector magnitude, defined as the amount of PA
(PA counts). PA counts are, thus, independent of individual characteristics such as weight,
height, age, body composition, and REE.

Calculation of Free-Living Energy Expenditure (TEE)
A previously validated 2-component power-fitting model was used to individually calibrate
accelerometer output from the Tritrac-R3D to EE measured in the room calorimeter.26 Total
EE and REE were measured during each participant’s 24-hour stay in a whole-room indirect
calorimeter where they followed a structured protocol. In the morning, participants performed
three 10-minute walking bouts at various speeds separated by 10-minute rest periods. In the
afternoon, they performed three 10-minute stepping bouts at various cadences separated by
rest periods. Sedentary activities included typing, sweeping the floor, writing, and viewing TV.
All activities except for REE measurements were performed in the fed state. Energy and
nutrient needs were calculated based on the individual’s body weight, and food choices were
made according to the individual’s preferences. REE was measured in the room calorimeter
after an overnight fast and with the participant remaining awake but not arising from the bed
for 35 minutes with minimal movement. EE was calculated from oxygen consumption and
carbon dioxide production according to Weir’s formula.27 REE was used together with the
calculations of EE of PA (total and leisure) to calculate total free-living EE. The model used
to estimate EE of PA in free living was

where a, b, p1, and p2 are parameters optimized by a computer modeling program (MatLab v.
8.1, Math-Works Inc, Natick, MA) written specifically for this study. Body motion in the
horizontal plane (x- and y-axes) was combined as 1 component (denoted H) and acceleration
in the vertical plane (z-axis) as the other component (denoted V). The minimum least-square
difference was used to optimize the model.

Patterns of Free-Living Physical Activity (PA)
Time of accelerometer wearing was derived from Tritrac measures of uniaxial acceleration
over investigator-specified time intervals, or epochs (1 minute in this study). The computer
program was used to determine valid wearing time. Epochs contained within strings of 20 or
more minutes of consecutive zeros were eliminated because it was assumed the accelerometer
was not worn. The minimum criterion for days worn was 4 days (3 weekdays and 1 weekend
day). A minimum of 8 valid hours defined a valid day. The average wearing time for the 57
participants who completed the study was 11.2 hours per day and 5.7 days worn. Patterns of
free-living PA were characterized by the time spent on different activities of varying intensities.
To calculate the amount of time (min/d) spent in PA of different intensities, minute-by-minute
PA counts were classified into 4 categories according to their predicted metabolic equivalents
(METs). METs were calculated as the ratio of the minute-by-minute predicted EE for the
specific activity and the measured REE. Sedentary activities were classified as activities equal
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to 1 METs, light activities as 1.1 to 2.9 METs, moderate activities as 3.0 to 5.9 METs, and
vigorous activities as more than 6.0 METs.11 In the analyses, moderate and vigorous activities
were combined because of low frequency and small amount of PA in the >6 METs category.

Anthropometrics and Body Composition
Body weight was measured to the nearest 0.01 kg with a monthly calibrated digital scale
(Detecto-Medic, Detecto Scales, Inc, Northbrook, IL) with the participants wearing light
clothing and no shoes. Height was measured using a wall-mounted stadiometer calibrated upon
wall installation and recalibrated yearly (Perspective Enterprises, Portage, MI). Body fat and
fat free mass were determined with underwater weighing previously described.28 The
participants were weighed underwater a minimum of 6 times, and the mean of the 3 heaviest
weights was used to calculate body density. Residual lung volume was measured before
underwater weighing using the closed-circuit nitrogen dilution technique.29 Total percentage
of body fat (%BF) was calculated from body mass density using Siri’s equation for Caucasians
and Hispanics or Schutte’s equation for African Americans, and fat mass and fat free mass
were calculated from body weight.30,31

Maximal Fitness Testing (VO2max)
Physical fitness was assessed at baseline by measuring the maximal oxygen consumption
(VO2max) during the standard Bruce treadmill protocol using metabolic cart (Med Graphics,
St. Paul, MN).32 The VO2peak was subjectively determined by each participant as the point of
fatigue or by the maximum heart rate (220 – age). The VO2max score is expressed in milliliters
per kilogram of body weight per minute (mL/kg/min). Safety monitoring rules during the test
were based on the American College of Sports Medicine guidelines.32

Statistical Analysis
All data are presented as means ± SD and ranges. Before proceeding with the main analyses
to examine seasonal differences, we tested seasonal differences in time of wearing the monitor
for weekdays and weekends using Wilcoxon sign rank tests. Spearman rank correlations were
used to test any correlation between time of wearing the monitor and percentage of body fat
or age for each season.

For the main analyses, we conducted a longitudinal analysis for each outcome (PA counts and
TEE) using generalized estimating equations (GEE)33 to take into account the correlation
among repeated measurements obtained from individual subjects over time.

In primary analyses, we examined the differences in the PA counts and the TEE for a whole
week, on weekends, and on weekdays between seasons (summer–winter, summer–spring/fall,
and spring/fall–winter). To examine the importance of PA in seasonal differences, we tested
also for seasonal differences in total time spent on each of the 3-MET categories. The main
longitudinal analysis models included VO2max, %BF, and age as potential confounding factors
to be adjusted for when the seasonal differences in each outcome were tested. We chose the
mean differences as unstandardized measures of effect as recommended by Lenth and
Wilkinson et al.34,35 The 95% confidence intervals (CI) were reported for these adjusted
analyses. Seasonal changes in body weight and %BF were also analyzed using GEE. All tests
were 2-tailed, and a P value of <.05 was considered significant. All analyses were performed
using the software STATA 9.2 (StataCorp, College Station, TX) or R (www.r-project.org).
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Results
Participant Characteristics

Participants’ baseline characteristics are in Table 1. Body weight, height, BMI, and %BF did
not change between consecutive seasons (data not shown, P > .05).

Compliance With Measurement Protocol
Sixty-three women enrolled into the study. One became pregnant, 2 moved from the area, and
3 withdrew from the study because of non-study-related factors. The 57 participants who
completed the study (41 Caucasian, 14 African American, and 2 Hispanic) were no different
(age, weight, BMI) from those who withdrew from the study. The average wearing time of the
Tritrac-R3D monitor was 13.1 ± 2.3 hours per day. The duration of wearing the accelerometer
was not significantly different between seasons during weekdays or weekends (all seasonal
differences P > .05). However, the wearing time was generally longer during weekdays than
during weekends (1.6 ± 0.3 h/d in winter, 1.5 ± 0.3 h/d in spring/fall, and 1.2 ± 0.3 h/d in
summer; all P < .001). There was no significant correlation between the average daily time of
wearing the Tritrac-R3D and %BF or age during weekdays or weekends (all seasons P > .05).

Physical Activity Counts (PA Counts) Between Seasons
The mean PA counts (Table 2 and Figure 1 A) for the week were lower in winter compared
with summer (the mean difference: −15,058 counts/d, 95% CI: −1933 to −28,182, P = .025)
and spring/fall (the mean difference: −14,055 counts/d, 95% CI: −1579 to −26,531, P = .027).
However, there were no differences between summer and spring/fall (the mean difference:
1003 counts/d, 95% CI: −11,888 to 13,893, P = .879). The mean PA counts on weekends in
winter were lower compared with summer (the mean difference: −22,652 counts/d, 95% CI:
−5852 to −39,451, P = .008) and slightly lower compared with spring/fall (the mean difference:
−15,720 counts/d, 95% CI: 446 to −31,885, P = .057). There was no difference in PA counts
between spring/fall and summer (the mean difference: 6932 counts/d, 95% CI: −7149 to 21,014,
P = .335). The mean PA counts during weekdays in winter were not different from summer
(the mean difference: −12,100, 95% CI: 1313 to −25,514, P = .077) but were lower than in
spring/fall (the mean difference: −13,654 counts/d, 95% CI: −108 to −27,199, P = .048). The
mean PA counts difference between summer and winter was higher on weekends than on
weekdays (Figure 1 B).

Total EE Between Seasons
Mean TEE (Table 2) was lower in the winter compared with summer (mean difference: −58
kcal/d, 95% CI: −7 to −109 kcal/d, P = .025). However, there was no difference between spring/
fall and summer (P = .366) and spring/fall and winter (P = .192). On weekends, TEE was lower
in the winter compared with summer (the mean difference: −96 kcal/d, 95% CI: −26 to −166
kcal/d, P = .007) and was lower in spring/fall than in summer (the mean difference: −66 kcal/
d, 95% CI: −1 to −132 kcal/d, P = .048). However, there was no difference between winter
and spring/fall (P = .343). The mean TEE on weekdays was slightly lower during the winter
compared with summer (the mean difference: −49 kcal/d, 95% CI: 4 to −102 kcal/d, P = .072).
There were no differences between summer and spring/fall (P = .670) and between spring/fall
and winter (P = .182). Individual plots for PA in summer and winter and the differences in PA
between summer and winter during weekdays and weekends are illustrated in Figure 1.

PA Time Between Seasons
During the winter and spring/fall, participants spent more time in sedentary activities (MET
<1) than in the summer (the mean difference: 35 min/d, 95% CI: 11 to 71 min/d, P = .007 and
38 min/d, 95% CI: 5 to 77 min/d, P = .025, respectively; Table 3). During winter, study
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participants spent less time in light (1.1 to 2.9 METs) PA category activities (the mean
difference: −29 min/d, 95% CI: −62 to −6 min/d, P = .018) and moderate/vigorous (>3.0 METs)
PA category activities (the mean difference: −6 min/d, 95% CI: 15 to 0, P = .051) than during
summer. Our study participants also spent less time in moderate/vigorous (>3.0 METs) PA
category activities in winter than in spring/fall (the mean difference: −9 min/d, 95% CI: −17
to −2 min/d, P = .009). We observed similar patterns in time spent in all PA intensity categories
on weekdays and on weekends. Time spent in moderate and vigorous (>3.0 METs) activities
was lower on weekends than on weekdays in all seasons (P < .05).

Association Between PA and VO2max and Body Fat Percentage
PA (counts/d) was significantly and positively associated with VO2max (P < .001; Figure 2).
The slope representing the association between PA counts and VO2max was lower during winter
than during spring/fall and summer (P = .042 and P = .041, respectively). There was a negative
association between PA and %BF, but it was not statistically significant (P = .104). The
absolute slopes representing the relationship between PA and %BF were lower in winter than
summer and spring/fall (P = .062, R2 = .110 and P = .051, R2 = .152, respectively).

Discussion
This study examined detailed seasonal variations in PA using objective measurements in a
relatively large group of women in this region that has relatively low levels of PA and higher
rates of obesity than other regions of the United States.12 The main finding from this study is
that there are significant differences in the amount and patterns of PA between winter and other
seasons in young and middle-age women in the southeastern United States. This effect was
evident on both weekends and weekdays, but the magnitude of the effect was greater on
weekends. Although the group mean followed this seasonal trend, perhaps an interesting
finding is that some women decreased or did not change their amount of PA between winter
and other seasons. Moreover, most participating women (75%) did not perform any vigorous
activity in any season, and only 7% spent any time in vigorous activities (>6 METs) in all
seasons.

Participants performed less PA during winter than summer and spring/fall, and this difference
was more visible on weekends than weekdays. More specifically, PA counts were about 9%
lower in winter than in summer. This difference between seasons could be related to many
factors including environmental factors such as weather and number of daylight hours but
cannot be established based on results of our study. There are other data to support the notion
of seasonal variation in PA. In the Framingham Offspring Study, Dannenberg et al25 found
that women and men expended more energy in PAs in the summer than the winter (P < .001).
Data from the Behavioral Risk Factor Surveillance System also show seasonal variation; the
percentage of adults reporting no participation in leisure-time PA was highest in the winter
(about 34%) and lowest in the summer (about 25%).10 In the third National Health and Nutrition
Examination Survey (NHANES III), approximately 60% of the respondents reported similar
activity patterns for the past month as compared with the previous 12 months, whereas the
remaining 40% reported different activity patterns.36 The authors suggested that differences
reported in the prevalence of inactivity may have been the result of seasonal variation.36

When expressed as total EE, the difference between these 2 seasons (58 kcal/d) was more
pronounced on weekends (96 kcal/d) than on weekdays (49 kcal/d). We also observed a similar
trend but smaller difference between winter and spring/fall on both weekdays (36 kcal/d) and
weekends (30 kcal/d). Our results are comparable to those from a study by Matthews and
colleagues15 relying on self-reports of PA conducted in the northeastern United States. In their
study of 580 adults who reported their PA, men (n = 300) reported a 121 kcal/d increase in PA
in the summer. Women (n = 280) reported a 70 kcal/d summer PA increase. Household and
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leisure-time activity, particularly on weekend days, contributed substantially to the overall
effect. Our study is also in agreement with a study by Levin et al,14 in which 77 healthy adults
wore a Caltrac accelerometer for 48 hours every 26 days for 1 year. The results showed a
significant seasonal trend for more activity in the summer compared with winter.

During the winter, women in our study spent significantly more time (41 min/d) in sedentary
activities (<1 MET) than during the summer. This significant difference was compensated by
less time spent in light, moderate, and vigorous PA intensity categories. In our analyses, we
combined the moderate and vigorous PA categories because only 9 participants (16%)
performed activity in the vigorous PA category on weekdays and 6 (11%) on weekends. Most
participants (75%) did not perform any vigorous activity in any season. In contrast, only 4
participants (7%) spent time in the vigorous PA category in all seasons. Analysis that is more
detailed showed that the average time spent on vigorous activity was 5.6 and 10.2 min/d for
weekdays and weekends, respectively. This pattern is similar to the pattern observed in our
previous study of 120 men and women in which women spent most of their active time on
light-level PA (10–12 h/d) and moderate PA (1 h/d).37 Women in that study spent on average
of 6.4 minutes in vigorous (>6 METs) activities. In the study by Van Staveren et al,22 114
young women were assessed monthly 14 times by a 24-hour PA recall reflecting time spent in
8 PA categories but not calculating EE. During spring and summer, they spent slightly more
time in walking and sports than in winter (17 minutes) and less time in sitting (15 minutes).
Furthermore, these authors also found no significant variation in vigorous leisure-time activity
between seasons.

Our data showing larger seasonal differences during weekends than weekdays suggest that
participants in our study tend to be more active on weekends in summer, but not in winter or
spring/fall. Analysis that is more detailed shows that the variability across participants in the
seasonal differences was greater during weekends compared with weekdays. This observed
high interindividual variation in PA patterns change between seasons is well illustrated in
Figure 1. These results confirm the results of Pivarnik et al38 who reported a relatively high
interseasonal variability of calculated leisure-time EE of PA. The authors determined the effect
of seasons on self-reported PA in 2843 adults and found that EE of PA was 15% to 20% lower
in winter when compared with spring and summer.

In our study, we found a significant relationship between VO2max and PA in participants. This
suggests that women who were more physically fit performed more PA than their less-fit
counterparts. This is in agreement with our previous observations and other studies.16,37,39 We
also analyzed the association between PA and %BF. Although not significant (P = .101) in all
seasons, there was a slight trend for PA to be associated with %BF in summer and spring/fall
but not in winter. This finding is in agreement with our previous findings and findings from
other reports.37,40,41 The overall trend in the relationship between body weight and the amount
of PA observed in our study is also in agreement with Hemmingsson and Ekelund,42 who in a
recent study have shown that the relations between body mass index (BMI) and PA depend on
BMI.

Our study has some limitations that have to be considered when interpreting the results. The
first limitation is an assumption that average daily PA counts used in a consequent calculation
of TEE reflected all physical activities performed by the individual. PA is a more complex
behavior than can be assessed accurately using accelerometer. Accelerometers, especially
triaxial, are considered a relatively objective measure of PA under free-living conditions.43–
45 However, it is known that they do not adequately measure body movements of upper and
lower extremities when the center of body mass (waist) remains motionless, such as in cycling
or rowing. Other underestimations include activities such as walking uphill because ground
slope gradients cannot be detected.
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To minimize the prediction error, we individually calibrated the monitor for various forms of
PA using a previously validated whole-room indirect calorimeter.26 It is possible, however,
that energy predicted was different from actual EE of PA spent by our study participants due
to the errors in prediction inherent to such models. In a recent study, however, Plasqui et
al39 showed that triaxial accelerometer output modeled using sleeping metabolic rate and body
composition explained 90% in TEE variation. An additional potential limitation is that we
measured VO2max only at baseline. However, it has been shown that in adult women and men,
physical fitness is not different between summer and winter.39 The VO2max test used a
subjective assessment of exhaustion that was not supported by physiological data. Therefore,
it is possible that some participants did not reach their peak effort. The small sample could be
considered a limitation, but it could also be considered a strength because it allowed collection
of detailed, individual-level data. The amount of monitor wear time in our study (13.1 h/d) was
about 0.8 h/d less than the average monitor wear time reported in a recent national (NHANES
IV) survey.46 Thus, our estimates of time spent in sedentary and light activities are likely to
underestimate the actual time spent in these behaviors. Another potential limitation may be
that our study population is not a good representation of women in general. Our participants
volunteered to participate in the study and may have different attitudes of PA compared with
other women. The extent that such factors may have influenced our findings is unknown and
may limit generalizability of this study.

Finally, another possible confounder may be related to the study environment. The southeastern
United States has usually mild winters and relatively hot summers. It is known that extreme
environmental factors (eg, humidity and high or low temperatures) can modify PA behaviors.
Therefore, our findings may be applicable more to regions with environmental conditions
similar to those of the southeastern United States than to other regions.

In summary, we found that women living in the southeastern United States had a lower amount
of PA performed in the winter compared with summer and spring/fall, and the magnitude of
this effect was greater on weekends than on weekdays. The decrease in PA was associated with
an increase in sedentary behaviors and a decrease in both light and moderate/vigorous PA
intensity on weekends. These results suggest that seasonal changes are affected mostly by
fluctuations in PA performed during leisure time. Our findings may influence guidance for
clinical programs that include moderate PA as a tool to achieve or sustain weight loss. These
programs may recommend an increase in PA on weekends and during winter.
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Figure 1.
Individual plots for total unadjusted physical activity(PA) (counts/d × 103) (A) during summer
and winter; (B) difference in physical activity (counts/d × 103) between summer and winter
during weekday and weekends along with the means and the corresponding 95% confidence
intervals. Dots are the means of PA during summer or winter or the mean difference in PA
between summer and winter, and bars represent the corresponding 95% confidence intervals.
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Figure 2.
Scatterplots of total week physical activity (raw activity counts × 103) and (A) maximal oxygen
consumption (VO2max [L/kg]) and (B) body fat (%) during seasons in women.
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Table 1

Participant Characteristics

Variable Women (n = 57)d mean ± SD (range)

Weight (kg)a 79.5 ± 19.5 (46.8–130.3)

Body mass index (kg/m2)a 29.3 ± 6.8 (17.2–47.9)

Body fat (%)a 39.0 ± 8.1 (21.5–52.4)

Height (cm)b 164.7 ± 6.9 (149.8–182.8)

Age (y)b 36.5 ± 9.2 (20–54)

VO2max (mL/kg/min)bc 28.4 ± 7.6 (15.4–46.7)

a
No significant interindividual differences between seasons (P > .05).

b
Measured at baseline.

c
Maximal oxygen (O2) consumption during the treadmill test measured at baseline.

d
41 Caucasian, 14 African American, 2 Hispanic.
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