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Abstract
This study examined objectively determined walking profiles of older adults across a wide range
of sociocultural backgrounds. All individuals (N = 415; 131 men age 70.5 ± 9.2 yr and 284 women
age 71.5 ± 9.0 yr) underwent physiological measurements, completed pen-and-paper surveys, and
wore a pedometer for 7 consecutive days. The total sample accumulated a mean of 3,987 ± 2,680
steps/day. Age (r = −.485, p <.001) and body-mass index (BMI; r = −.353, p <.001) were
negatively associated with steps per day. Multivariate analysis revealed that race/ethnic category
(F = 3.15, df = 3), gender (F = 2.46, df = 1), BMI (F = 6.23, df = 2), income (F = 9.86, df = 1),
education (F = 43.3, df = 1), and retirement status (F = 52.3, df = 1) were significantly associated
with steps per day. Collectively these categories accounted for 56% of the variance in walking
activity in this independently living, community-dwelling older adult sample. Sedentary
characteristics highlighted within, and step-per-day values specific to, older adults have
implications for planning targeted physical activity interventions related to walking activity in this
population.
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Chronic but preventable conditions such as coronary heart disease, diabetes, hypertension,
arthritis, and depression are associated with physical inactivity and affect the older adult
population disproportionately (Berg & Casells, 1990; Hoffman, Rice, & Sung, 1996). Older
adults are among the most inactive segment of the population, with 51% of 65- to 74-year-
olds and 65% of those 75 years or older not engaging in any leisure-time physical activity
(Centers for Disease Control and Prevention [CDC], 2004). Racial and ethnic minorities
have been repeatedly shown to be less physically active than Whites (CDC) and have also
been shown to have a higher prevalence rate of chronic conditions than Whites (Ford, Giles,
& Dietz, 2002). Furthermore, population-based evidence has demonstrated positive
associations between social class and leisure-time physical activity (Crespo, Ainsworth,
Keteyian, Heath, & Smit, 1999) and shown education level to be related to leisure-time
physical activity levels (CDC). Most of this epidemiological knowledge of physical activity
behavior is derived from self-report physical activity surveys.

Although self-report surveys are practical and feasible to administer to large population-
based samples, their ability to measure light to moderate ubiquitous activities has been
shown to be imprecise (Ainsworth, Richardson, Jacobs, Leon, & Sternfeld, 1999; Strath,
Bassett, & Swartz, 2004). In particular, walking behavior, typically a moderate-intensity
activity, has been shown to be underestimated by self-report surveys (Bassett, Cureton, &
Ainsworth, 2000). Because walking is the most commonly reported physical activity in both
the elderly and ethnic-minority populations (Crespo, Keteyian, Heath, & Sempos, 1996), to
comprehensively assess physical activity behavior in this population necessitates that the
measurement tool selected be able to accurately assess walking behavior.
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Of late, objective physical activity measures such as motion sensors have become popular
tools with which to assess physical activity behavior, because they can overcome limitations
associated with self-report measures. Electronic pedometers, inexpensive waist-mounted
motion sensors, have documented concurrent validity with other objective activity measures
(Bassett, Ainsworth, et al., 2000) and have been shown to be accurate and reliable for
measuring walking activities (Schneider, Crouter, & Bassett, 2004). Although there are
limitations to pedometer use, such as an inability to assess types of activity other than
walking, as well as underestimating slow walking speeds, pedometers do have great utility
for assessing ambulatory activity behaviors in large samples.

Although pedometer-determined physical activity has been examined in a variety of
populations, across occupational categories (Sequeira, Rickenbach, Wietlisbach, Tullen, &
Schutz, 1995), genders (Bennett, Wolin, Puleo, & Emmons, 2006; Tudor-Locke et al.,
2004), ethnic groups, and income groups (Tudor-Locke et al., 2004; Whitt, DuBose,
Ainsworth, & Tudor-Locke, 2004) and respective to selected health categories such as body-
mass index (BMI; Albright & Thompson, 2006; Bennett et al., 2006; Hornbuckle, Bassett, &
Thompson, 2005; Krumm, Dessieux, Andrews, & Thompson, 2006; Thompson, Krumm,
Dessieux, & Andrews, 2006; Thompson, Rakow, & Perdue, 2004; Tudor-Locke et al.), there
has been a paucity of research specifically examining objectively determined walking
behavior in an older adult population. Such information is important to guide and provide
insight into normative walking values in older adults relative to personal characteristics such
as age, ethnicity, education, income, retirement status, and selected health variables and can
further serve to guide interventions designed to increase walking activity. Accordingly, the
purpose of this study was to describe objectively determined walking volume and provide a
thorough examination of personal characteristics associated with walking behavior in a
diverse community-dwelling sample of older adults.

Methods
Participants

All individuals were recruited through senior-center announcements, media postings, and
targeted mailings. Eligibility consisted of being over the age of 50 years, independently
living, and community dwelling and having no physical ailments to prevent one from
participating in physical activity and no orthopedic limitations to walking (i.e., cane or
walker use). The sample consisted of 415 older adults, 131 men (age = 70.5 ± 9.2 years,
BMI = 28.3 ± 5.2 kg/m2) and 284 women (age = 71.5 ± 9.0 years, BMI = 29.8 ± 5.9 kg/m2).
After study enrollment, participants provided written and witnessed informed consent.

Study Procedures
All participants completed a generic health history and demographic questionnaire. They
were asked to self-report race or ethnicity, their highest level of education attainment, and
current household income level. Individuals also reported whether they were retired or
working (volunteer, part-time, or full-time). After survey completion, all individuals
underwent measures of height and weight and were shown how to wear a pedometer and
complete a pedometer log. They wore the pedometer for 7 consecutive days and then
returned it and the log to an investigator after the monitoring period. All data collection took
place within one season (spring).

Demographic Questionnaire
Participants reported race or ethnicity as White, Black, Hispanic, Asian, American Indian,
Native Hawaiian/Pacific Islander, or other. They reported their highest education attainment
as elementary, high school, some college, or graduate school. Self-reported household

Strath et al. Page 2

J Aging Phys Act. Author manuscript; available in PMC 2010 April 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



income was reported in one of six categories: <$5,000, $5,000–14,999, $15,000–24,999,
$25,000–34,999, $35,000–49,999, or ≥$50,000). Individuals reported whether they lived
alone; were married, single, divorced, or widowed; and whether they were retired, worked
full-time, or worked part-time (including volunteer work).

Anthropometric Measures
Body mass and height were measured with minimal clothing and no shoes. Body mass was
measured using a physician’s balance-beam scale (Continental Scale Corp., Bridgeview, IL),
and height was measured using a stadiometer (Continental Scale Corp.). BMI was calculated
as body mass (kg) divided by height squared (m2).

Pedometer Assessment
All individuals wore an electronic pedometer (SW-200, Yamax Corp., Tokyo, Japan) for a
7-consecutive-day monitoring period. Previous research has shown the Yamax pedometer to
be a valid and reliable tool for measuring steps, distance walked, and walking behavior
(Schneider et al., 2004). Participants were instructed to place the pedometer on the right side
of the body attached to either a belt or waistband, on the anterior midline of the thigh. Each
participant completed an individualized 20-step pedometer calibration at his or her usual
walking pace to assess the functional status of each pedometer. Pedometers recording 19–21
steps were deemed acceptable. Individuals were given a picture showing correct placement
and written instructions to increase the likelihood of proper positioning throughout the
weeklong period. Pedometers were worn during all waking hours throughout the entire
week, except during bathing or swimming, and removed before sleep at night. Total steps
per day and the time from when the pedometer was put on in the morning to when it was
taken off in the evening were recorded by the participant in a provided log. Both pedometer
and log were returned to investigators after the 7-day monitoring period.

Data Analyses
For a day’s worth of pedometer data to be considered valid and be used in analyses, we
employed a minimum time requirement, in that the pedometer had to be worn for 10 hr or
more, had to register more than 1,000 steps, and had to be worn for 5 or more days. Race
and ethnicity categories were collapsed into the following groups: White, Black, Hispanic,
and other. The “other” designation consisted of those self-reporting as American Indian,
Asian, or Native Hawaiian/Pacific Islander. Income levels were collapsed into three
categories: <$14,999, $15,000–34,999, and ≥$35,000. Educational attainment was collapsed
into high school and college, and employment was collapsed into either retired or working.
The working category included part-time, full-time, and volunteer work. All variables were
collapsed into the referenced groups to provide adequate cell-sample size for purpose of
analysis. Distributions of mean steps per day (e.g., total steps per week divided by number
of days worn) were computed and normalcy assessed by histograms and tests of skewness.
Means, standard deviations, medians, and 25th and 75th percentiles were computed for the
sample. Spearman’s rank-order correlation coefficients were used to examine relationships
between steps per day and the total sample characteristics stratified by race. Multiple-
regression models, with dummy coding employed for race and ethnic categories and BMI
categories, were employed to examine the association between sociodemographic variables
and mean daily steps. Age was not entered into the regression models because of
multicollinearity with retirement status. Statistical significance was set at alpha = .05. All
analyses were conducted with SPSS for Windows version 13.0 (SPSS Inc., Chicago, IL).
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Results
A total of 591 individuals responded to the invitation to take part in the study, of which 473
were deemed eligible and enrolled into the study. Four hundred fifteen (92%) of 451 men
and women completed the 1-week pedometer-monitoring period with valid pedometer data
(Figure 1). Out of a possible 2,905 person-days of pedometer data (415 participants
multiplied by 7 days), 2,772 person-days were available for analysis, with the pedometer
being worn on average 6.6 days and 13.2 ± 2.1 hr/day. During the 20-step pedometer
calibration, two pedometers failed to count more than 10 steps on repeated efforts so were
omitted from data-collection use. There were no sociodemographic differences between
individuals who completed the study and those who were dropped out because of loss of the
pedometer or who were deemed to have invalid pedometer data (<5 days, <10 hr of wear,
<1,000 steps/day recorded; data not shown). Study participants were predominantly female
(68%) and mostly White (53%). On average participants were 71.1 ± 9.1 years old, with a
mean BMI of 29.3 ± 5.8 kg/m2. Most earned less than $14,999 per year (56%), had
completed a high school education (73%), and were retired (68%). Full participant
characteristics can be seen in Table 1.

There were no significant differences between men and women in any of the race or ethnic
categories for accumulated steps per day. The total sample accumulated a mean of 3,987 ±
2,680 steps/day. Age was negatively correlated with average steps per day for the whole
sample (r = −.485, p <.001) and negatively correlated with each individual race and ethnic
category. Similarly, BMI was negatively correlated with average steps per day across
individual race and ethnic categories and for the sample as a whole (Table 2).

Bivariate-regression relationships show that race and ethnic category was significantly
associated with average steps per day, with Blacks taking 756 fewer steps per day than their
White counterparts (p = .008; Table 3). Gender was not significantly associated with average
steps per day (p = .428). Individuals in the overweight category (BMI 25–29.9) took 1,875
fewer steps than those in the normal-weight category (BMI 20.0–24.9), and those in the
obese category (BMI ≥30.0) took 2,629 fewer steps than those in the normal-weight
category. Participants in higher income brackets took 473 more steps per day than those in
lower income classifications (p = .006). Participants who had completed some college
education took 1,927 more steps per day on average than those who had completed a high
school education (p ≤ .0001). Furthermore, individuals who were retired took on average
2,206 fewer steps per day than those who were still working, whether it be full-time, part-
time, or as a volunteer (p ≤ .0001).

Results from multivariable model analyses revealed that race or ethnic category (F = 3.15, df
= 3), gender (F = 2.46, df = 1), BMI (F = 6.23, df = 2), income (F = 9.86, df = 1), education
(F = 43.3, df = 1), and retirement status (F = 52.3, df = 1) were significantly associated with
average steps per day, collectively accounting for 56% of the variance in walking behavior.

Discussion
Our examination of ambulatory physical activity profiles in older adults, via pedometry,
revealed that on average participants of approximately 71 years of age accumulated just
under 4,000 steps/day. Significant variation was found for age, gender, race or ethnicity,
education, income, retirement and working status, and BMI. Previous research has alluded
to a step range indicating sedentariness as <5,000 steps/day and to a range of 6,000–8,500
steps/day for healthy older adults (Tudor-Locke & Bassett, 2004). Based on these
classifications, 74% of our sample would be classified as sedentary, with only 17%
accumulating a sufficient step quantity to place them in the healthy older adult category.

Strath et al. Page 4

J Aging Phys Act. Author manuscript; available in PMC 2010 April 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Our findings are supportive of other studies using pedometers to discern physical activity
behavior and extend results to a heterogeneous older adult population. Bennett et al. (2006),
in a sample of 433 participants drawn from multiethnic low-income housing, revealed that
those with a post-high-school education accumulated approximately 15% more steps per day
than those with less than a high school education. The same authors also revealed that
women took approximately 1,000 fewer steps per day than men and that Black individuals
took approximately 1,400 fewer steps per day than Whites or Hispanics. Similarly, Tudor-
Locke et al. found, in a sample of 209 individuals drawn from one county in South Carolina,
that those with some college education accumulated 22% more steps per day than those with
less than a high school education, that men took almost 2,000 more steps per day than
women, and that Whites took approximately 2,000 more steps per day than non-Whites
(Tudor-Locke et al., 2004). The current study’s findings reveal similarities with such
published work across ethnicities. Our findings, however, show large differences across
educational attainment levels, with those with some high school education or less taking
50% fewer steps than those with a college or graduate-school education. Our findings also
show little difference between genders in this age population.

Similar to other investigations in adult populations (Bennett et al., 2006; Sequeira et al.,
1995; Tudor-Locke et al., 2004; Whitt et al., 2004), we noted an inverse association between
age and accumulated steps per day in this older adult sample, to the extent that those over
the age of 80 years were taking approximately 4,000 fewer steps per day than those 50–59
years old. We extend findings to show that this inverse relationship is apparent across all
ethnicities. Given the strong empirical support for the associations between regular physical
activity and health, these low levels of ambulatory activity would indicate a strong need for
age-targeted physical activity interventions or walking-based interventions to increase
activity levels in older adult populations. This is further exemplified by the current results
showing that individuals in the overweight and obese categories took 1,875 and 2,629 fewer
steps, respectively, than those in the normal-weight category. Previous literature has
reported on inverse associations between markers of obesity and steps per day in a variety of
adult populations (Albright & Thompson, 2006; Bennett et al.; Hornbuckle et al., 2005;
Krumm et al., 2006; Thompson et al., 2006, 2004; Tudor-Locke et al.), and the current
study’s results would support significant inverse relationships specific to an older adult
population; this was apparent across all ethnicities. Collectively, there appears to be a
tremendous potential to target older adults with walking-based interventions to increase
overall low levels of activity and counteract inactivity’s associations with overweight and
obesity.

This study also reports that individuals who were still working, whether it be full-time, part
time, or on a volunteer basis, were considerably more active than their retired counterparts,
in that they accumulated approximately 2,200 more steps per day. These results appear
similar to those reported by Sequeira et al. (1995), who studied 493 men and women age
25–74 years from western Switzerland as part of the World Health Organization Monitoring
Trends and Determinants of Cardiovascular Disease Project. In that study, significant
differences in the number of steps accumulated per hour by individuals in varying levels of
occupational activity were noted, with those in moderate-effort occupations such as a painter
accumulating more steps per hour than those in primarily sitting and standing occupations
such as a telephone operator and hairdresser, respectively. Similar occupational differences
in accumulated steps per day have also been reported by Chan, Spangler, Valcour, and
Tudor-Locke (2003), showing that higher levels of occupational activity are associated with
more accumulated steps per day. Results from the aforementioned studies appear parallel to
the concept that occupational activity levels are associated with overall accumulated
physical activity levels, in terms of accumulated steps per day. For the sample as a whole in
the current study, the 2,200-steps/day difference between our retired and working
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participants would have increased the sample mean from a sedentary category of 4,000
steps/day up to surpass the category referenced as healthy older adult by Tudor-Locke and
Bassett (2004). Other studies have reported individuals accumulating more steps per day on
workdays than nonworkdays in adult populations (Tudor-Locke et al., 2004), and the current
study’s results would extend these findings, specific to an older adult population. Efforts to
engage older adults in volunteering might prove to be one interventional strategy to increase
their overall walking behavior.

Despite the utility of objective step counters to monitor ambulatory profiles of older adults,
these devices are not without limitation. Previous research has identified more imprecise
estimates of steps at lower walking speeds (Bassett et al., 1996; Schneider et al., 2004).
Although this limitation exists irrespective of participants’ age, it might serve to
underestimate overall walking behavior in this age population. Our sample is cross-sectional
in nature, so causality cannot be inferred, and, moreover, results are limited to a sample with
no limitations on ambulatory activity. Associations reported comparing walking behavior
with markers of adiposity do not take into account dietary influences. Compared with other
objective measures of physical activity such as accelerometers, pedometers are unable to
quantify the intensity or duration of activity. Given the known limitation of using self-report
physical activity (underreporting of walking and cognitive recall) and the high cost of
accelerometers, the usefulness of an inexpensive objective monitor such as the pedometer is
amplified, especially considering the fact that walking is the most prevalent form of activity
in older adults.

Conclusions
To our knowledge this is one of the first larger scale studies to profile ambulatory patterns
with objective monitoring specific to independently living, community-dwelling older adults
across diverse sociocultural backgrounds. Results extend those of previous research and
highlight the sedentary behaviors of older adults and key sociodemographic variables
associated with overall walking behavior. Sedentary characteristics highlighted herein have
strong implications for planning targeted physical activity interventions related to
ambulatory activities in lower income, minority, overweight, obese, and retired older adults.
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Figure 1.
Profile of study events during the monitoring period.
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