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Abstract
Background—A limited body of evidence, mostly based on self-report, is available regarding
physical activity levels among American-Indian adults.

Purpose—This study aims to examine physical activity levels objectively by pedometer among a
large cohort of American Indian adult participants in the Strong Heart Family Study.

Methods—Physical activity levels in 2604 American-Indian adults, aged 18–91 years, from 13
American-Indian communities were assessed using an Accusplit AE120 pedometer over a period of
7 days during 2001–2003. Anthropometric measurements were also assessed. All data analyses were
conducted in 2008. Age-adjusted Pearson correlations were used to examine the relationship between
average steps per day and age and anthropometric variables. Subjects were placed in age and BMI
categories (according to NHLBI cutpoints) to examine trends in PA with increasing age and BMI.

Results—Daily pedometer steps ranged from 1001 to 38,755. Mean step counts by age group for
men were: 5384 (18–29 years), 5120 (30–39 years), 5040 (40–49 years), 4561(50–59 years),4321
(60–69 years), and 3768 (≥70 years) and for women: 5038 (18–29 years), 5112 (30– 39 years), 5054
(40–49 years), 4582 (50–59 years), 3653 (60–69 years), and 3770 (>70 years). A significant linear
trend in physical activity was noted with increasing age (P= 0.002 for men, P<0.0001 for women)
and with increasing BMI (P = 0.05 for men, P = 0.04 for women).

Conclusions—Objectively measured data suggest that inactivity is a problem among American
Indian adults and that a majority of American Indian adults in the SHFS may not be meeting the
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minimum physical activity public health recommendations. Efforts to increase physical activity
levels in this population are warranted.

It has been suggested that physical activity provides numerous health benefits including the
prevention of many chronic diseases.1–3 Research has demonstrated that habitual physical
activity is associated with reduced morbidity and mortality from various chronic diseases and
conditions such as cardiovascular disease4–6, diabetes7–9, hypertension10–12, obesity13, and
cancer.14,15 Despite this well documented evidence, many individuals continue to lead
relatively sedentary lifestyles.16

Physical inactivity appears to be a problem in all facets of the U.S. population, especially among
minority populations. A limited body of evidence is available regarding physical activity levels
among American Indian adults. The available data do, however, suggest that American Indian
adults participate in relatively low levels of physical activity17–24, in many instances, lower
than their minority counterparts.21 According to Schoenborn et al, (2004)17 at least 5 in 10
American Indian adults are physically inactive, with women more likely to be inactive than
men (55.5% vs 42.5%). This same report suggests that roughly 26.4% of this population do
not meet the Surgeon General’s recommendations for physical activity participation.

Unfortunately, most of this evidence is based on physical activity data collected using
subjective methods. Self-report measures of physical activity often suffer from reporting bias
and may over/underestimate physical activity levels due to the fact that questionnaires often
capture only moderate-to-vigorous physical activity and activities that are structured or
planned.25 In order for an accurate assessment of activity to be achieved, the assessment tool
used must elicit information on the types of physical activities that encompass the greatest
proportion of energy expenditure in the study population. In investigations where it can be
assumed that low-intensity activities, as well as unstructured activities, are similar across
populations, a self report measure may be appropriate. However, in certain subgroups, such as
the older adults, injured/impaired individuals, or in individuals where lower-intensity activities
may constitute the bulk of their physical activity levels, the use of a subjective measure to
assess physical activity may likely miss a substantial portion of activities that make up their
total energy expenditure. In this case, an objective measure of physical activity should be
considered to better assess total activity including low-intensity and unstructured physical
activity.25

The purpose of the current study was to examine physical activity levels in a large cohort of
American Indian adult from three geographic locations across the U.S. and to examine trends
within this population. Physical activity was assessed with a pedometer, which will allow for
objective comparisons across these populations

METHODS
Participants

Strong Heart Family Study—The Strong Heart Family Study (SHFS) is a longitudinal
study of cardiovascular disease, its risk factors, and genetic determinants in 13 American Indian
communities from three geographic regions in Arizona (AZ), Oklahoma (OK), and North and
South Dakota (DA). The SHFS includes two clinical examinations and ongoing mortality and
morbidity surveillance. In 2003, the SHFS recruitment and examination of family members
was successfully met and included a total of 96 extended families (33–AZ, 36–OK, and 27–
DA) totaling 3,665 participants from all three centers ranging in age from 14 to 93 years. As
part of the SHFS, participants completed both a personal interview and physical examination.
The personal interview solicited information about demographics, health habits, and medical
history. The physical examination included measures such as physical activity and
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anthropometric measurements. All participants gave informed consent for the present study,
which was approved by the IRBs at all of the participating institutions.

Physical activity assessment—Physical activity was assessed using an Accusplit AE120
pedometer (Accusplit Inc, San Jose, CA) which has been shown to be a valid and reliable
assessment tool for assessing step counts in a variety of laboratory and field settings.26–33
Participants received a pedometer, instructions for wearing the pedometer, and an activity diary
at their clinical examination and were asked to wear the pedometer for 7 consecutive days (5
weekdays and 2 weekend days) and to record the number of steps taken daily in an activity
diary. There has been some suggestion that spring-lever pedometer accuracy may be
compromised in individuals with large BMIs or excess frontal body mass where the pedometer
may not remain upright in the vertical plane.34 To ensure that participants wore the pedometer
correctly, clinic staff members were trained to instruct participants with large BMIs or excess
frontal body mass, which may impede the pedometer from working properly, to wear the
monitor on the small of the back on the posterior mid-line of the thigh.35 Moving the pedometer
to the back may aid in keeping the pedometer upright therefore reducing reporting errors. This
procedure was used only in rare cases when the pedometer failed to meet acceptable standards
after a 100 step accuracy test. At the end of the 7-day period, participants were asked to return
their pedometer diary to the clinic in a postage paid envelope. The mean number of steps the
participant takes per day was calculated by averaging the number of steps recorded each day
during the 7-day period. Since previous research has suggested that 3 days of activity can
provide a sufficient estimate of weekly physical activity36; participants with 3 or more days
of data were included in the study. Steps per day averaged over the week was calculated for
any person who had data for 3 or more days, taking the sum of steps per day divided by the
number of available days.

Anthropometric measures—Body composition measures were determined using
anthropometry. All measurements were taken over a scrub suit or light clothing with the
participant’s bladder empty and shoes removed. Body weight was measured using a Tanita
BWB-800 5 Adult Digital Scale (Tanita Corp. of America, Arlington Heights, IL) and measures
were recorded to the nearest kilogram. Height was recorded using a vertical mounted ruler and
measures were recorded to the nearest centimeter. BMI was calculated from height and weight
and expressed as kilogram/meters2 and was broken down into categories based on NHLBI
cutpoints for overweight and obesity: normal (< 24.9 kg/m2), overweight (25–29.9 kg/m2),
obese (30–34.9 kg/m2), obesity I (35 – 39.9 kg/m2 ) and obesity II (≥ 40 kg/m2). Waist
measurements were obtained using an anthropometric tape applied at the level of the umbilicus
with the patient supine and breathing quietly and recorded to the nearest centimeter.

Statistical Analyses
Descriptive statistics were calculated for the cohort in total and separately by gender and age
group. All continuous data were assessed for normality. Depending on normality assessment
of the variable, ANOVA or Kruskal-Wallis tests were used to describe and compare differences
among age groups (18–29, 30–39, 40–49, 50–59, 60–69, and ≥70 years) separately by gender
(male/female). Normally distributed data are reported as mean (SD), non-normal variables as
median (25th, 75th percentile). Pedometer data were found to be skewed and natural log
transformed prior to analyses. Jonckheere-Terpstra tests were used to estimate the linear trend
in physical activity levels across age groups stratified by gender. Pearson partial correlation
coefficients adjusted for age were used to evaluate the association of physical activity
determined by pedometer steps and anthropometric measures such as BMI, waist and hip
circumference, and waist-to-hip ratio for the cohort stratified by gender. Statistical analyses
were performed using Statistical Analysis Software, version 8.2. Significance was considered
as a P-value <0.05.
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To aid in interpretation of the findings, analyses were limited to healthy participants aged ≥18
years who had a minimum of 3 days of pedometer data and BMI data. Healthy participants
were considered to be any that did not report a severe chronic disease or disability that may
limit their physical activity level. Therefore, participants were eliminated from the analyses if
they reported having any of the following conditions that may limit their physical activity:
rheumatic heart disease, renal dialysis, kidney failure, cirrhosis of the liver, emphysema, above
or below knee amputation, or unable to walk. In addition, those individuals were eliminated
whose average number of steps per day was less than 1000 (n=123). Eliminating values this
low is not uncommon since they may be considered beyond that expected in people that are
physically inactive and may likely reflect not wearing the monitor.

RESULTS
A total of 3665 participants were enrolled in the Strong Heart Family Study. Of these
participants, 2604 men and women (71% of the Phase IV Cohort) aged 18–91 years met the
inclusion criteria and were included in the analyses. Table 1 presents the descriptive
characteristics of the entire sample stratified by gender (male/female) and by age group (18–
29, 30–39, 40–49, 50–59, 60–69, and ≥70 years).

Participants’ daily pedometer steps ranged from 1001 to 38,755, with a mean number of steps
per day for the entire cohort as 4873.6 (95% CI=4758.3, 4991.7). Figure 1 presents mean
pedometer step counts of the SHFS cohort stratified by age group and gender. These results
suggest that there is a significant linear trend in physical activity across age groups within
gender (Jonckheere-Terpstra test for trend, P = 0.002 for men, P <0.0001 for women).
Additionally, regardless of gender, younger adults, on average, have higher mean pedometer
step counts than older adults. There was no significant difference between reported physical
activity levels based on pedometer steps between men and women adjusted for age (4996.6 for
men vs 5189.1 for women, p=0.52).

Figure 2 presents mean step counts of the SHFS cohort stratified by BMI group and gender.
These data indicate a significant linear trend in mean pedometer steps (Jonckheere-Terpstra
test for trend P = 0.05 for men, P = 0.04 for women) with increasing BMI. Similar to the
findings within age groups, regardless of gender, those participants with lower BMIs have
higher mean step counts compared to those with larger BMIs. In addition, the relationship
between average steps per day from the pedometer and BMI and waist circumference was
examined separately by gender (n=2604). Results from age-adjusted correlation analyses,
indicated significant, albeit weak, inverse associations between average steps per day and BMI
(r = –0.07, p= 0.001) and waist circumference (r = −0.08, p = 0.0005) for women. Similar
results were noted for men, pedometer steps and BMI (r = −0.07, p = 0.02) and waist
circumference (r = −0.06, p = 0.05).

DISCUSSION
In this first study to examine physical activity using objective measure, it was found that
regardless of gender or age group classification, participants in the SHFS have mean pedometer
values well below aggregated reference points.40 In fact, pedometer steps among male
participants ranged from an average low of 3111 among men aged >70 years to a high of 5078
among men aged 18– 29 years (Figure 1) and among female participants in the SHFS,
pedometer steps ranged from a mean of 3170 among women aged >70 years to 4833 among
women aged 18–29 years. These low step counts would suggest that a large proportion of the
sample is not meeting the current CDC and American College of Sports Medicine
recommendations for physical activity.41
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Other studies conducted among racially or ethnically diverse free-living samples with
pedometer assessed physical activity have found that minority individuals tend to be less active
than the suggested national recommendations. Bennett et al.42 examined pedometer step
counts among multiethnic (50% African-American, 42% Hispanic) low income–housing
residents aged 18 to >70 years. In this study, mean (SD) pedometer step counts ranged from
6587(4083.6) in participants aged <25 years to 3285(2873.3) in participants aged >70 years.
This is in contrast to the findings of the SHFS study in which mean pedometer steps ranged
from 5183.0 (95% CI=1548.7, 17,345.6) in participants aged 18–30 years to 3769.8 (95%
CI=1036.6, 13710.1) in participants aged >70 years. Additionally, the Cross-Cultural Activity
Participation Study38 found median daily step counts of 4783 (3009, 6987) and 4577 (3219,
6385) among 127 American Indian and 135 African American women (mean age 53.8±10.9
years), respectively. In comparison, female participants in the SHFS aged 50–60 years were
found to have slightly lower median steps counts of 4568.4 (2620.0, 7066.2), compared to
those reported in the Cross-Cultural Activity Participation Study. These findings confirm that
the current sample of American Indian adults is at least as inactive as other minority samples.

When examining physical activity levels by gender in the SHFS, unlike in previous studies,
16,43–45 no significant differences were found between men and women in age-adjusted,
pedometer-determined physical activity levels. This finding is likely due to the lack of
variability in physical activity levels across the entire SHFS population and the very low levels
of activity among both men and women in the SHFS. In contrast, when the relationship between
age and physical activity was examined categorically, it was found that physical activity
declined with increasing age, which is often shown in population studies. Participants aged
≥70 years were found to accumulate approximately 2000 steps less than participants aged <30
years. These findings are similar to those of another study,42 which showed a 3000-step
difference between participants aged >70 years when compared to participants aged <25 years.

In regard to BMI and physical activity, a significant line trend was noted in pedometer steps
with increasing BMI in both men and women (P = 0.05 for men, P = 0.04 for women). These
data indicate that SHFS participants with lower BMIs have higher step counts compared to
those with larger BMIs. These findings are consistent with other studies that have shown
decreasing levels of physical activity with increasing BMI.38,42,46 However, given the cross-
sectional nature of this study, it was not possible to establish the causality of the association
between BMI and daily step counts.

The Strong Heart Family Study provided the unique opportunity to examine physical activity
levels in a large cohort of American Indian individuals using an objective measure, more
specifically the pedometer. To date, most studies that have examined physical activity levels
in American Indian populations have utilized subjective measures such as a questionnaire to
assess physical activity in their population of interest. While this method of assessment is
relatively reasonable in large population studies, it relies on participant recall and may not
provide an adequate assessment of lower intensity, unstructured physical activities like walking
and housework. By utilizing a pedometer, it was possible to eliminate some of the problems
posed by the use of subjective measures and possibly obtain a truer representation of physical
activity levels among American Indian adults.

However, despite the advantages of using the pedometer to capture unstructured and low-
intensity physical activity in the SHFS, there are, unfortunately, limitations that need to be
considered with its use as an assessment tool. First, the pedometer does not measure activities
that are not ambulatory in nature such as resistance training and cycling. Additionally, many
pedometers, such as the pedometer used in the current study, lack an internal clock and data
storage capability; thus it was necessary to rely on the SHFS participants to accurately record
their step counts from the pedometer in their 7-day activity diary. This process may have
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resulted in reporting errors or lack of data. Further, the pedometer used in this study is unable
to discriminate between steps accumulated in walking, running, or stair climbing; therefore, it
was not possible to determine intensity of activity. Finally, participant clothing or body habitus
may have played a role in the accuracy of the pedometer. In order for a pedometer to accurately
assess physical activity, it must be worn snug to the body and kept upright in a vertical plane,
perpendicular to the ground. Although every effort was made to ensure that participants were
properly instructed on how to wear the pedometer, there was no guarantee that this occurred.
Therefore, if the pedometer was not worn in a correct manner, the pedometer may not have
worked properly and may have resulted in an underestimation of physical activity levels for
those specific individuals.

Other limitations that should be considered when interpreting these findings include the fact
that the SHFS is made up of 96 large families selected across three geographic locations and
not a random sample of American Indian communities. It has been suggested that physical
activity levels may be similar in related individuals or those who share a related environment,
therefore reducing inter-individual variation of physical activity levels. Individuals were
treated as if they were completely independent of each other, and family structure and
environmental influences were not taken into account when evaluating physical activity levels.
The estimates of physical activity are believed to be reflective of their low levels of physical
activity. However, the variability may be underestimated in this population.

In summary, this study is the first to objectively determine physical activity levels in a large
sample of American Indian adults. The findings of this study suggest that based on pedometer
steps, a majority of American-Indian participants in the Strong Heart Family Study are not
meeting the minimum physical activity public health recommendations. Since physical activity
has been shown to reduce the risk of developing many chronic diseases, efforts to increase
physical activity levels in this population are warranted.
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Figure 1.
Mean pedometer steps by age category in the strong heart family study cohort stratified by
gender (n=2604)
* Jonckheere-Terpstra test for trend: p=0.002 for men, p<0.0001 for women; ** Pearson
correlations coefficient for age and pedometer steps for both men and women

Storti et al. Page 9

Am J Prev Med. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Age-adjusted mean pedometer steps by NHLBI BMI cutpoints of overweight and obesity in
the strong heart family study cohort stratified by gender (n=2604)
* Jonckheere-Terpstra test for trend: p=0.05 for men, p=0.04 for women
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