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Physical activity levels of older community-
dwelling adults are influenced by summer
weather variables

Caitlin A. Brandon, Dawn P. Gill, Mark Speechley, Jason Gilliland, and
Gareth R. Jones

Abstract: Adequate daily physical activity (PA) is important for maintaining functional capacity and independence in
older adults. However, most older adults in Canada do not engage in enough PA to sustain fitness and functional inde-
pendence. Environmental influences, such as warmer daytime temperatures, may influence PA participation; however, few
studies have examined the effect of summertime temperatures on PA levels in older adults. This investigation measured
the influence of summertime weather variables on PA in 48 community-dwelling older adults who were randomly re-
cruited from a local seniors’ community centre. Each participant wore an accelerometer for a single 7-consecutive-day pe-
riod (between 30 May and 9 August 2006) during waking hours, and completed a PA logbook to remark on major daily
PA events. Local weather variables were collected from a national weather service and compared with PA counts per mi-
nute. Regression analysis revealed a curvilinear relationship between log-transformed PA and mean daily temperature (r2 =
0.025; p < 0.05). Linear mixed effects models that accounted for repeated measures nested within individuals were per-
formed for monthly periods, meteorological variables, sex, age, and estimated maximal oxygen consumption, with PA as
the dependent variable. Age and Air Quality Index remained significant variables within the model. Higher fitness levels
had no effect on allowing individuals to perform more vigorous PA in warmer temperatures.

Key words: seniors, accelerometry, meteorology, fitness.

Résumé : Il importe pour les personnes âgées de pratiquer une quantité suffisante d’activité physique afin de maintenir
leur capacité fonctionnelle et leur autonomie, et ce, tous les jours. Actuellement, la majorité des adultes au Canada ne font
pas assez d’activité physique pour se maintenir en forme et garder leur autonomie fonctionnelle. Il semble que des facteurs
environnementaux, notamment du temps plus chaud durant le jour, puissent avoir un effet sur la pratique de l’activité phy-
sique. Il y a cependant peu d’études sur l’effet de la température estivale sur le degré de pratique de l’activité physique
chez les personnes âgées. Cette étude se propose d’analyser l’effet de variables météorologiques estivales sur le degré de
pratique de l’activité physique chez 48 personnes âgées sollicitées aléatoirement dans un centre communautaire de person-
nes âgées. Durant ses heures d’éveil, chaque participant porte un accéléromètre au cours d’une seule période consécutive
de sept jours (entre le 30 mai et le 9 août 2006) et consigne dans un carnet de notes ses principales activités physiques de
la journée. On note les valeurs des variables météorologiques fournies par un organisme national de météo et on les met
en relation avec le nombre de pas par minute affiché par l’accéléromètre. L’analyse de régression révèle une relation cur-
vilinéaire entre le logarithme des données d’activité physique et la température moyenne de la journée (r2 = 0,025, p <
0,05). Aux variables indépendantes (mois, valeurs météorologiques, sexe, âge, consommation d’oxygene maximale prédit),
on applique des modèles linéaires aux effets mixes qui prennent en compte les mesures répétées chez les mêmes individus
pour prédire la valeur de la variable dépendante, soit la pratique de l’activité physique. Dans ce modèle, l’âge et l’indice
de la qualité de l’air sont des variables signifiantes. Les personnes présentant une meilleure condition physique ne prati-
quent pas des activités physiques plus intenses par temps plus chaud.

Mots-clés : personnes âgées, accéléromètre, météorologie, condition physique.
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Introduction

A wealth of epidemiological evidence confirms that
physical activity (PA) substantially reduces the impact of
age-related morbidity and mortality in older adults (Pedersen
and Saltin 2006). Current national initiatives and recommen-
dations encourage older adults to engage in moderate to vig-
orous PA for 30–60 min on most days of the week to
maintain health, fitness, and ultimately functional independ-
ence (Health Canada 1999; Paterson et al. 2007). Unfortu-
nately, more than half of older Canadians currently do not
meet these PA recommendations (NACA 2006).

Recent evidence suggests that weather conditions and sea-
sonality may influence the PA participation of adults (Chan
et al. 2006; Merrill et al. 2005; Pivarnik et al. 2003; Tucker
and Gilliland 2007), and older adults in particular (Togo et
al. 2005; Tu et al. 2004; Yasunaga et al. 2008). Weather con-
ditions and seasonality also impact health-related variables,
such as fracture risk (Bischoff-Ferrari et al. 2007; Mirchan-
dani et al. 2005), food intake (Ma et al. 2006), blood choles-
terol (Matthews et al. 2001), and asthma (Mancuso et al.
2006). No investigation to date has focused specifically on
the influence of summertime temperatures on daily PA par-
ticipation levels in older adults (‡70 years of age).

Annual summertime temperatures have increased gradu-
ally since 1948, with an overall warming trend of approxi-
mately 0.9 8C (Environment Canada 2007). Extreme
summertime temperatures are responsible for increased mor-
tality in older adults (Diaz et al. 2002; O’Neill et al. 2005;
Smoyer et al. 2000), especially in regions unaccustomed to
extreme temperature fluctuations (Hechler et al. 2004). Gen-
erally, older adults have difficulty regulating body tempera-
ture (Anderson et al. 1996; Nakamura et al. 1997;
Potkanowicz et al. 2003; Scremin and Kenney 2004; Wor-
folk 1997), as a result of age-associated detuning of the auto-
nomic regulatory system (Collins et al. 1980). Autonomic
detuning is responsible for decreased peripheral vasodilation
in response to thermal stress (Richardson and Shepherd
1991), reduced sweating (Foster et al. 1976) and inducing a
greater variance in control of core body temperature (Marion
et al. 1989). Men have a better sweating response than
women, owing to increased body and muscle mass (An-
derson et al. 1995). However, the sweating response deterio-
rates with age for both sexes, a result of local skin changes
rather than central thermoregulatory alterations (Dufour and
Candas 2007). Fitter individuals have more efficient thermo-
regulatory systems (Bittel et al. 1988; Ho et al. 1997) as a
result of improved vascular tone (Westhoff et al. 2007) and
improved autonomic cardiovascular functioning (Gulli et al.
2003), and are likely more capable of coping with rising am-
bient temperatures. To our knowledge, no investigation has
yet examined the influence of summer weather variables
and fitness on PA participation in older adults.

The purpose of this study was to investigate the relation-
ship between outdoor summer weather variables, including
ambient temperature, humidex, and Air Quality Index on
daily PA accumulation by healthy community-dwelling
older adults. The secondary purpose was to examine whether
fitness (estimated by maximal oxygen consumption
(VO2 max)) has an effect on preserving normal PA accumula-
tion, despite the potential influence of higher ambient tem-

peratures, greater humidity, and poor air quality. We
hypothesized that daily PA would be negatively influenced
by rising daytime temperatures, and that fitter individuals
would continue to be physically active despite warmer
summer temperatures.

Materials and methods

The current membership list (n = 370) from a local older-
adult exercise centre was used to establish a convenience
sample population. Participants were excluded if they
were <70 years of age. A total of 203 participants remained
and were randomly selected, using a random numbers table,
to generate a contact list. Participants were initially con-
tacted by an exercise centre staff member, who obtained the
participant’s verbal consent to attend a baseline assessment.
At the baseline assessment, the study protocol was explained
and written consent was obtained. It was estimated that 46
people were sufficient to have 80% power to detect a corre-
lation coefficient of 0.4 or larger, as per the method de-
scribed by Walter and colleagues (1998). A total of 109
individuals were contacted, of which 58 declined to attend
an assessment session. Reasons for refusals included illness
or recovering from illness (n = 18), lack of interest (n = 12),
too busy (n = 11), away on holiday (n = 11), or an ill spouse
(n = 4). A total of 51 individuals (37 females, 14 males)
consented to participate. This study was approved by the
Research Ethics Board for Health Sciences Research Involv-
ing Human Subjects at the University of Western Ontario.

The initial assessment took approximately 20 min, and re-
quired participants to complete a personal health question-
naire, followed by instruction on how to use an accelerometer
(ActiGraph GT1M, ActiGraph, Pensacola, Fla.) and how to
accurately complete a daily PA logbook. The accelerometer
recorded movement counts over a 1-min epoch. These move-
ments were summed to give a value of counts per minute; con-
verted to metabolic equivalent (MET) values using the
conversion equation proposed by Freedson and colleagues
(1998); and assigned an intensity value (Table 1).

Each participant wore the ActiGraph GT1M accelero-
meter (3 cm � 4 cm � 1 cm; 27 g) on their waist for
1 week (7 consecutive days) between 30 May and 9 August
2006. Participants were assigned to their study week on the
basis of their scheduling availability, typically 1 to 2 weeks
in advance. Accelerometer start times were preprogrammed
by the investigator. The accelerometer was worn only during
waking hours, and participants were instructed to remove it
when doing any water-based activities (e.g., bathing, swim-
ming) and when sleeping, including daytime napping. Par-
ticipants were instructed to wear the accelerometer on the
mid-axillary position, over their dominant leg (Ward et al.
2005). The accelerometer was attached to an elastic waist-
band and could be worn over or under clothing. Since the
accelerometer was not worn every minute over the 7-day as-
sessment period, analysis was completed on both raw data
(all data regardless of accelerometer removal) and cleaned
data (removal of data when accelerometer was not worn,
for example when bathing, swimming, or sleeping). Raw
data included 0 counts, which give an underestimation of
true hourly average PA. Cleaned data consisted of hourly
PA averages calculated using only the minutes when partic-
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ipants were wearing the accelerometer (as determined by
participant logbooks). Eliminating 0 counts when the acceler-
ometer was not worn improves the estimation of the true
hourly mean PA. Accelerometer counts�min–1 were averaged
for each hour during the sampling period (average hourly
counts�min–1) for comparison to the summer weather varia-
bles, which were reported hourly (Environment Canada 2006).

Anthropometric and fitness measurements were recorded
from fitness appraisal data collected by the same certified
fitness assessor employed by the older adult exercise centre.
Height and mass measurements were recorded, and esti-
mated VO2 max was determined using a submaximal aerobic
step test for older adults (Petrella et al. 2001). Estimated
VO2 max data were available for 40 individuals (29 females,
11 males) within the sample group. Correlation coefficients
were 0.93 (females) and 0.91 (males), where the predictive
model explained 72%–86% of variance in VO2 max with
standard error of the mean (SEE) of 9%–15% for the step
test. For analyses, estimated VO2 max scores were categorized
into 3 groups of equal size (tertiles). These tertiles separated
participants into groups based on aerobic fitness level (poor,
moderate, and high).

Logbooks were used by participants to report significant
PA events (e.g., attending exercise class, going for a walk,
heavy gardening) and to record the times they put on and
took off the accelerometer. Participants returned the acceler-
ometer along with the PA logbook at the follow-up assess-
ment, within 48 h of the last accelerometer day. PA data
were verified manually against the PA logbooks. Start and
stop times were determined in reference to what was re-
ported in the participant logbook. If participants failed to in-
dicate a start and (or) stop time, visual inspection of minute-
by-minute accelerometer counts was conducted to determine
start and stop times for the sampling day. This was deemed
to be valid as the first spike of activity during the day was
clearly evident in the accelerometer output.

Meteorological data were collected daily. The data were
retrieved online from Environment Canada records measured
at the London International Airport (latitude 4382’N) (Envi-
ronment Canada 2006). Variables recorded hourly included
ambient temperature, percent humidity, humidex, and Air
Quality Index.

Statistical analysis was performed using SPSS 14.0 (SPSS
Inc., Chicago, Ill.) and SAS 9.1 (SAS Institute Inc., Cary,
N.C.). The first step was visual inspection of the raw data,
followed by data cleaning. Specifically, erroneous 0 counts,
when participants were, in fact, not wearing the accelerome-

ter, were deleted. Because of a non-normal distribution, the
PA variable (accelerometer counts) was log-transformed.
The log-transformed values were normally distributed and,
as a result, this form of the variable was used in the regres-
sion models. Linear mixed effects models that accounted for
repeated measures nested within individuals were performed
for monthly periods, meteorological variables, sex, age, and
estimated VO2 max, with PA as the dependent variable.

Results
Fifty-one older adults provided informed consent and be-

gan the study. Two subjects, both male, dropped out mid-
week. One subject withdrew from the study because his
spouse felt that he could not complete the PA logbook appro-
priately, while the other subject had to leave the country un-
expectedly. There was 1 accelerometer malfunction in which
no data were collected (registered only 0 counts for entire
week). The remaining 48 subjects (36 female) wore the ac-
celerometer for 7 consecutive days without malfunction.

Table 2 describes the physical and health characteristics
of the sample group. The mean estimated VO2 max scores
suggest that the majority of subjects had satisfactory cardior-
espiratory fitness for their age. According to the body mass
index (BMI) values, 2% of the sample were considered
underweight, 33.3% were normal weight, 47.9% were over-
weight, 14.6% were class I obese, and 2% were class II
obese (WHO 2000). Recent evidence suggests that in adults,
high BMI scores (above those considered healthy) have a
lower relative risk of all cause mortality, compared with
younger adult cohorts (Heiat et al. 2001). Seventy percent
of participants rated their own health as very good or better.
Thirty percent felt they were more active than others the
same age. No participant described their memory as being
worse than that of others the same age. Most were married
or widowed (85%), had a postsecondary education (74%),
and were financially stable.

Accelerometers were worn an average of 4410.5 ±
362.7 min of a possible 5040 min (87.5%). Two subjects
forgot to wear the accelerometer, accounting for 2 missed
days. Missing data were not imput for those days. Subjects
spent an average of 4380.0 ± 346.5 min performing light
PA, 13.5 ± 20.6 min performing moderate PA, 16.5 ±
44.5 min performing moderately vigorous PA, and only
0.5 ± 1.9 min performing vigorous PA (Freedson et al.
1998; Lee and Paffenbarger 2000). These values indicate
that this group of older adults recorded an average of
30.5 min per week at an intensity equivalent to or higher
than 4 METs (moderate to vigorous intensity).

A range of PA types were recorded in participant log-
books. However, participants did not reliably record daily
PA in sufficient detail to give an accurate representation of
PA duration or location (outdoors or indoors). Therefore,
logbooks acted as a guide to establish when participants be-
gan wearing the accelerometer in the morning, and when
they removed it for sleeping or water-based activities.

PA was averaged for each individual for each hour they
wore the accelerometer (average hourly counts�min–1). Ex-
amination of the scatter plot of PA values showed a non-
normal distribution. Given that a normal distribution is re-
quired for regression analysis, the accelerometer counts

Table 1. Conversion of accelerometer counts to metabolic
equivalents (METs).

ActiGraph activity counts,
counts�min–1 METs* Intensity{

0–3250 1–3.99 Light
3250–3850 4.0–4.49 Moderate
3850–5750 4.5–5.99 Moderately vigorous
5750–9000 6.0+ Vigorous

*1 MET is equivalent to a metabolic rate consuming 3.5 mL�kg–1�min–1

of oxygen per kilogram of body mass per minute (American College of
Sports Medicine 2006). Conversion equation from ActiGraph activity
counts to MET established by Freedson and colleagues (1998).

{Intensity conversions established by Lee and Paffenbarger (2000).
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were log-transformed, substantially improving the normality
of the PA counts. To prevent 0 values from being treated as
missing, 1 was added to each value. Figure 1 represents a
histogram and boxplot for the log-transformed accelerometer
counts. Both raw and log-transformed accelerometer counts
accumulated across various temperature ranges are presented
in Table 3.

Table 4 presents raw and cleaned PA accelerometer data.
Raw data include hourly averages of PA counts, including
time when accelerometer was not worn. Most PA (62%)

was completed below temperatures of 25 8C for both raw
and cleaned values. PA peaked at approximately 20 8C, and
declined as temperatures continued to climb. Despite tem-
peratures increasing above 20 8C, subjects did not com-
pletely eliminate PA; however, PA was substantially
reduced when ambient temperatures rose above 30 8C.

Age and estimated VO2 max were associated with PA
(r = –0.35 and r = 0.40, respectively; p < 0.01). All weather
variables, age, sex, and estimated VO2 max were included in
the final multiple linear regression model. Following analy-

Table 2. Characteristics of summer sample subjects (n = 48).

Characteristic Value Range
Age (y±SD) 77.4±4.7 71–89
Weight (kg±SD) 70.5±12.0 43.5–103.0
Height (m±SD) 1.6±8.3 1.5–1.9
Waist-to-hip ratio (±SD) 0.85±0.09 0.65–1.05

Female (n±SD) 0.81±0.07 0.65 – 0.97
Male (n±SD) 0.96±0.06 0.88–1.05

Body mass index (kg�m–2) 26.2±4.0 17.2–37.6
Estimated VO2 max (mL�kg–1�min–1) 30.0±7.6 17.5–45.8
Self-perceived health status (%)

Excellent 16.7
Very good 54.2
Good 27.1
Fair 2.1

Self-perceived weekly activity level (%)
Vigorously active 3 times per week 64.6
Moderately active 3 times per week 35.4

Activity level compared with others the same age (%)
Much more active 29.2
About as active 56.3
Less active 14.6

Memory compared with others the same age (%)
Much better 4.2
Better 39.6
About the same 56.2

Self-perceived memory compared with 5 years ago (%)
Much better 2.0
Better 4.2
About the same 62.5
Worse 31.3

Fall reported in the previous 12 months (n) 12.0
Falls in previous 12 months (mean±SD) 0.4±1.0 0–2
Falls requiring medical treatment (mean±SD) 0.5±0.5 0–1
Marital status (%)

Married 52.1
Widowed 33.3
Divorced 4.2
Single–never married 10.4

Highest level of education (%)
Some elementary or high school 8.3
High school diploma 16.7
Some postsecondary 18.7
Postsecondary diploma 56.3

Finances at the end of the month (%)
Usually have money left over 81.3
Just enough to make ends meet 16.7
Refused to respond 2.0

Note: VO2 max, maximal oxygen consumption (a measure of cardiorespiratory fitness).
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sis, only age and Air Quality Index remained significant in
the linear mixed effects model. To examine the interaction
of temperature with estimated VO2 max, the terms extreme �
VO2 max (signifying extreme temperatures of >30 8C),
Temp � VO2 max, and Temp2 � VO2 max were used (Table 5).

The distribution of age and sex across estimated VO2 max
tertiles is illustrated in Table 6. Although differences between
fitness tertiles and average PA with corresponding tempera-
ture were apparent (Fig. 2), estimated VO2 max was not a sig-
nificant variable in the multiple linear regression model,
when combined with extreme temperatures (p = 0.12), sug-
gesting that, in this sample population, fitness provided no
advantage toward PA accumulation as temperatures rose.

Discussion

The results reported in Table 3 indicate that PA levels ap-
pear to be fairly constant until temperatures reach 30 8C, at
which time they decrease rapidly. At lower temperatures, the
mean of the log is lower, but the median counts are actually
greater than at other temperatures; however, this is based on
only 13 observations. These results were similar to the cur-
vilinear relationship reported by Togo and colleagues
(2005), in which PA (i.e., pedometer steps�day–1) declined
as daytime temperatures increased. Yasunaga and colleagues
(2008) commented that older adults primarily accumulate
low intensity PA (<3 METs) during the summer months,

Fig. 1. Histogram and boxplot of log-transformed accelerometer counts.

Table 3. Accelerometer counts recorded across temperature ranges (n = 48).

Temperature (8C)

Accelerometer counts £10 >10–15 >15–20 >20–25 >25–30 ‡30
No. of observations 13 264 1037 2162 1521 192
Mean 356.9 273.7 258.0 220.5 192.8 142.6
Median 142.8 133.9 120.5 117.0 135.3 95.6
Mean (log) 4.27 4.70 4.71 4.67 4.73 4.41
Median (log) 4.97 4.90 4.80 4.77 4.91 4.57

Table 4. Raw and cleaned PA values between 0700 and 1900 hours vs. temperature (n =
48).

Temperature
Mean PA
raw data

% change
from <20 8C

Mean PA
cleaned data

% change
from <20 8C

All (n = 936) 195.1±152.4 — 231.5±182.7 —
<20 8C 208.1±171.9 — 274.3±234.3 —
21–25 8C 200.3±161.0 ;4.0% 242.8±186.3 ;11.5%
26–30 8C 180.5±110.1 ;13.3% 201.4±133.9 ;26.8%
‡31 8C 110.5±79.3 ;46.9% 141.1±99.8 ;48.6%
Humidex 28 8C 183.6±133.8 — 209.8±154.8 —

Note: PA, physical activity, displayed as hourly average counts�min–1±SD); % change calculated

as ðaverage hourly counts�min�1

min of PA
� new temperature range average PA

temperature range average PA < 20 �C� 100Þ þ 1.
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and there was very little accumulation of moderate to high
intensity PA (>3 METs) during these summer months. Alter-
nately, Chan et al. (2006) reported that rising temperatures
positively influenced PA. These authors suggested that any
rise in temperature of 10 8C or more during the month was
associated with increased PA (i.e., accumulated steps�day–1).
It is important to note that hot and humid weather conditions
were not evident in the study by Chan et al. (2006).

Estimated VO2 max was a variable not considered in pre-
vious weather and PA studies. The results of this study sug-
gest that participants who had better fitness (higher
estimated VO2 max values within the second and third tertile)
were no more likely to be active or nonactive, despite higher
temperatures (above 30 8C), than less fit individuals. This
was likely due to the indoor environment that all partici-
pants exercised in, lessening the potential influence of out-
door temperature on their ability to perform moderate to
vigorous PA. A previous report, using pedometer assessment
of ambulatory activity, suggested that the majority of daily
accumulated PA in a similar older adult exerciser group

was achieved through indoor exercise participation (Tudor-
Locke et al. 2002). Alternatively, participants may have ex-
ercised at cooler times of the day (morning or night), outside
of the analysis time frame of 0700 hours to 1900 hours, and
thus PA may not have been effectively recorded. Age- and
sex-associated changes in thermal tolerance likely had little
effect on PA accumulation, as described by Kenney and
Munce (2007). Finally, there were not enough participants
sampled during extreme temperatures to truly determine if
fitness would facilitate PA participation during hotter tem-
peratures.

Certain limitations of this study must be considered. The
study sample was randomly selected from a membership list
of exercising older adults, and all study participants were ac-
tively exercising 2 or 3 times per week. As such, this sample
likely performed regular bouts of moderate to vigorous PA
(i.e., exercise classes), more than would normally be ob-
served in a general population of older adults, despite
weather conditions. Any observed differences in PA due to
weather seen in this sample may be magnified in the general
population as a result of greater variance in overall physical
fitness and accessibility to exercise facilities, other than out-
door walking. Alternatively, any observed differences in PA
may be diminished in a generalized population, given that
many older adults accumulate low levels of PA, either in-

Fig. 2. Average cleaned physical activity (PA) and temperature recorded across estimated maximal oxygen consumption (VO2 max) tertiles.
Temperature refers to the average temperature recorded between 0700 hours and 1900 hours for participants within each tertile. *, p < 0.05.

Table 6. Distribution of age and sex across estimated VO2 max ter-
tiles (n = 40).

Fitness tertile
(mL�kg–1�min–1)

Average
age
(y±SD)

Females
(n)

Males
(n)

Average estimated
VO2 max

1 (17.5–25.5) 79.2±3.9 13 0 21.5±2.9
2 (25.9–33.1) 76.8±4.9 11 3 29.7±2.2
3 (33.9–45.8) 75.3±3.5 5 8 38.8±3.3

Table 5. Mixed regression models to evaluate the effect of tem-
perature.

Model p value

Model 1
Temperature (continuous) 0.193

Model 2
Temperature 0.025
Temperature2 0.038

Model 3
Hot (>30 8C vs. £30 8C) 0.095

Model 4
Extreme vs. normal (<10 8C or >30 8C vs. ‡10 8C and
£30 8C)

0.042
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doors or outdoors, regardless of temperature or weather var-
iables (NACA 2006).

Because of the availability of accelerometers, a maximum
of 10 participants were able to wear the accelerometer at
any given time; therefore, not all participants wore the ac-
celerometer during the same week. As a result, each partici-
pant was not subject to the same range of weather
conditions during the sampling period, and direct compari-
son between individual participants was not possible. Never-
theless, each subject wore the accelerometer for 7 days,
allowing for collection of PA data across various days of
the week (e.g., weekdays and weekend days), thus generat-
ing a better representation of an individual’s overall activity
level. The 7-day assessment period provided an opportunity
for each participant to experience a greater range of weather
conditions. Finally, while the scheduling of participants to
assessment period was not random, it was done in advance,
and the results are not biased by volunteer effects based on
weather variables. Physical activity may have been
underestimated when subjects engaged in water-based activ-
ities, as this could not be measured with the accelerometer.
Swimming was the most common water-based PA, with a
total of 7 subjects indicating they swam between 1 to 8
times during the assessment period for an average of
54.6 min.

Using the Freedson et al. (1998) conversion equation to
change counts�min–1 into MET values likely provides an
underestimation of overall energy expenditure for this popu-
lation, as the conversion equation was originally developed
with a sample of younger adults. Underestimation was ob-
served using data from this sample group of exercising older
adults who achieved average hourly PA values that did not
exceed the corresponding MET value for light activity
(Table 1), despite the fact that the study population was
comprised of participants who exercised 2 or 3 times per
week. Paterson and colleagues (2007) reported that PA at
an intensity of 3–4 METs is considered to be of moderate
to vigorous intensity for older adults. Thus, the observed
MET values in the current investigation suggest that these
older adults were meeting recommended levels for energy
expenditure.

There were 3 potential limitations for assessing vigorous
PA in this investigation. First, the older subjects may have
selectively performed more vigorous (>4.5 METs) PA dur-
ing cooler times of the day (before 0700 hours or after
1900 hours) to avoid the heat, and thus would have been
outside the period monitored for this investigation. Second,
PA that required primarily upper-body movement — for ex-
ample, weight-training performed during each exercise
class — was likely underestimated by the waist-borne accel-
erometer (Montoye et al. 1996; Welk 2005). Finally, the ac-
cumulation of vigorous activity was likely lost in the
calculation of average hourly counts�min–1. Visual inspec-
tion of the data confirms that the majority of exercise bouts
lasted less than 30 min. Therefore, 30 min of vigorous activ-
ity would be averaged against 30 min of light activity, effec-
tively masking the contribution of vigorous activity to the
average hourly counts�min–1.

Regional and climate-specific research is required to ac-
count for factors of acclimatization (Curriero et al. 2002;
Hechler et al. 2004; O’Neill et al. 2005). Future investiga-

tions should consider evaluating the influence of wintertime
weather on PA participation by older adults. The use of mul-
tiple accelerometers (i.e., upper body and lower body) may
provide a better estimation of total PA, as waist-borne accel-
erometers do not accurately record upper-body movements
(e.g., weight-lifting exercises). Measurement time periods of
less than 1 h may provide future studies with a better esti-
mation of vigorous activity, as older adults tend to partici-
pate in PA at this level for shorter bouts of time. Finally, an
assessment of the role of the aging thermoregulatory system
and its role in PA tolerance is warranted, considering the bi-
ological link between the body’s ability to maintain thermal
homeostasis and the unavoidable consequence of heat pro-
duction during vigorous PA.

It is crucial that older adults remain active and exercise
regularly to remain functionally independent. Alternatives to
outdoor activities are important for members of this popula-
tion to consider if they plan to continue regular exercise dur-
ing warmer weather. The influence of weather and
temperature should be considered with regard to daily PA
reported during summer months. Fitter older adults do not
seem to tolerate hotter daytime temperatures any better than
their less fit counterparts. Moderate to vigorous activity is
advised to engender fitness and maintain existing functional
capacity in older adults (Paterson et al. 2007), and doing PA
indoors — in a climate-controlled environment — is a plau-
sible solution. Temperature and Air Quality Index are influ-
ential factors affecting PA in older adults (70+ years of age).
As might be hypothesized, age is also a factor, as older sub-
jects participated in less vigorous PA than their younger
counterparts. However, in this investigation, cardiorespira-
tory fitness had little impact on PA levels recorded, despite
changes in ambient temperatures.
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