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Abstract

Background—Increasing physical activity (PA) levels in older adults represents an important
public health challenge. The purpose of this study was to evaluate the feasibility of combining
individualized motivational messaging with pedometer walking step targets to increase PA in
previously inactive and insufficiently active older adults.

Methods—In this 12-week intervention study older adults were randomized to 1 of 4 study arms:
Group 1—control; Group 2—pedometer 10,000 step goal; Group 3—pedometer step goal plus
individualized motivational feedback; or Group 4—everything in Group 3 augmented with
biweekly telephone feedback.

Results—~81 participants were randomized into the study, 61 participants completed the study
with an average age of 63.8 + 6.0 years. Group 1 did not differ in accumulated steps/day following
the 12-week intervention compared with participants in Group 2. Participants in Groups 3 and 4
took on average 2159 (P <.001) and 2488 (P < .001) more steps/day, respectively, than those in
Group 1 after the 12-week intervention.

Conclusion—In this 12-week pilot randomized control trial, a pedometer feedback intervention
partnered with individually matched motivational messaging was an effective intervention strategy
to significantly increase PA behavior in previously inactive and insufficiently active older adults.
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Regular engagement in physical activity (PA) has been shown to be essential for the
promotion of health and functioning as one ages.! Despite wide spread support for the need
to be more physically active, older adults remain the most inactive segment of society.2
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Efforts to increase PA among older adults have shown partial success, but greater research is
warranted to elucidate effective and efficient PA promotion strategies.3

Intervention strategies applied to modifying PA behavior have varied in terms of both
theoretical orientation as well as delivery method. Theories that are often used to guide PA
interventions include cognitive-behavioral and social-cognitive theories.® Delivery method
ranges from face-to-face, which can be both individual and group based, and mediated
methods including telephone, mailed print, or more recently internet formats. Specific to
older adults, recent studies have generally reported promising results for mail and/or
telephone mediated approaches.*-6

Walking is the most commonly reported PA in adults, and represents a moderate intensity
activity that can result in health benefits. Motion-sensor based assessment devices, such as
the pedometer have become popular over the last few years, and as such are being used with
increasing frequency as a motivational tool to increase PA behavior. Recent reviews
document the efficacy of pedometers to increase PA and health.”-2 Specific to older adults,
recent studies with and without a guided theory component, have evaluated the effectiveness
of pedometer driven interventions, and have shown success in increasing PA behavior using
both pedometer,10-12 accelerometry,13 and PA questionnaire outcomes.1# Therefore, given
the demonstrated effectiveness of both theoretically-based interventions and step targeted
interventions, we elected to compare different combinations of these intervention structures
utilizing a mail and phone delivery method in an older adult population.

The primary aim of this study was to compare a hierarchy of differing levels of PA
intervention, pedometer and standard educational feedback, pedometer plus motivationally
matched feedback, pedometer plus motivationally matched feedback combined with
telephone feedback, as compared with a standard educational feedback only group, on PA
adoption over a 12-week period in previously sedentary older adults. A secondary aim was
to examine improvements in selected health indices across groups over the intervention
time-period. We hypothesized that those older adults receiving more intervention
components would exhibit higher levels of PA adoption over the intervention time-period,
and receive the most health improvement.

Study Recruitment, Population, and Eligibility Criteria

Study recruitment consisted of mass media announcements, posted advertisements at local
senior centers, and internet postings which occurred though university outreach sites.
Participants were screened over the telephone by trained research assistants to determine
initial eligibility, and scheduled for 2 laboratory visits to confirm eligibility. Participant
eligibility criteria consisted of apparently healthy individuals aged between 55 to 80 years
who were inactive or insufficiently active. Inactive or insufficiently active eligibility
consisted of 2 phases. Phase 1, participants had to self report a Stage of Change (SOC) for
PA Readiness of precontemplation (inactive and not intending to start a PA program),
contemplation (inactive but considering becoming more active), or preparation (not
regularly active). Participants had to further self-report engaging in less than 30 minutes a
day of moderate intensity PA 5 days a week. If participants met these initial eligibility
criteria, they were invited into the laboratory for study visit one. During study visit one
participants agreed to being randomized into any one of the study arms, then signed an
institutionally approved informed consent form. Phase 2 eligibility consisted of participants
wearing a blinded pedometer for the following 7-day period. To further meet eligibility of
being inactive or insufficiently active, participants had to accrue less than 7500 steps/day on
average over the 7-day period. Upon confirmation of this, each participant was randomized
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into 1 of the 4 study arms and underwent baseline measures of anthropometrics and self-
reported health. Study flow for participants can be seen in Figure 1.

Study Design

This 12-week, randomized pilot trial, evaluated the effect of different levels of intervention
on PA participation and corresponding health status. A hierarchical interventional design
was employed, with increasing dose and complexity of intervention. Eighty-one participants
were randomized to 1 of the 3 PA treatment groups or the standard education group. All
participants were randomized by a predetermined randomization schedule housed within
sealed envelopes in accordance with study 1D numbers. Blocks of 20 were used to maintain
balance across study groups. Participants in all groups underwent a total of 3 laboratory
visits. Visit 1 was used to obtain consent and then to deploy blinded pedometers to be worn
for the following 7 days (to confirm eligibility criteria). Visit 2, approximately 7 days later
was used for full baseline assessments and here participants were randomized into their
respective study groups. Participants then returned to the laboratory 12 + 2 week later for a
final visit 3, and repeated all baseline measures.

Interventional Structure

Standard Education—Group 1—Group 1 received standard educational PA literature
biweekly by mail. This literature was adopted from the PA promotional literature produced
by the American Heart Association, and included educational material on the benefits of PA,
and how to make PA part of your everyday life. Six contact mailings (1 page, 2-sided) were
received by each participant.

Pedometer + Standard Education—Group 2—Group 2 received a pedometer and
pedometer log in the mail with instructions to record daily steps, a generic goal to increase
PA to 10,000 steps/day, and the same biweekly standard education PA literature as Group 1
(6 contacts). Participants mailed pedometer logs back to study investigators on a weekly
basis in preaddressed, stamped envelopes provided by study personnel.

Pedometer + Individualized Education—Group 3—Similar to Group 2, Group 3
received a pedometer and pedometer log in the mail with instructions to record daily steps
and mail pedometer logs back to the researchers on a weekly basis in preaddressed, stamped
envelopes provided by study personnel. Pedometer goals consisted of a weekly increase in
steps by 10% above initial baseline values. Standard educational PA literature was
substituted with biweekly individualized motivational literature based on the
Transtheoretical Model and Social Cognitive Theory (6 contacts). This brief 1 page, 2-sided,
tailored motivational literature highlighted benefits of regular participation in PA, perceived
barriers to PA and effective strategies to overcome barriers. This individualized mailing was
targeted to SOC, using a similar, albeit simplified, approach to stage-targeted booklets
employed by others.1>

Pedometer + Individualized Education + Telephone—Group 4—Group 4 received
the same intervention as Group 3, but this was augmented with biweekly telephone contact
on the weeks that mailed advice was not received (6 mailed contacts plus 6 telephone
contacts). All telephone contact was scripted, limited to 10 minutes, and delivered by the
same trained research assistant. Telephone contact was used to answer any participant
questions on the received PA literature, solicit barriers to engaging in PA, and offer
strategies to overcome reported barriers.
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Study Measures

All participants completed a general health history questionnaire and demographic
questionnaire and underwent measures of body mass (kg), measured to the nearest 0.01 kg,
and height (cm), measured to the nearest 0.1 cm, with minimal clothing and no shoes using a
calibrated physician’s scale and stadiometer (Detecto, Kansas City, MO). Body mass index
(BMI) was calculated by dividing body mass (kg) by height squared (m?2).

Primary Study Outcome—Total Physical Activity—The primary study outcome was
total daily PA, assessed via accumulated steps/day as recorded by pedometer. Groups 2, 3,
and 4 wore a pedometer (SW-200, Yamax Corp., Tokyo, Japan) for the baseline and
intervention periods, while Group 1 wore the pedometer for the baseline period and then
only during week 12. Previous research has shown the Yamax pedometer to be a valid and
reliable assessment tool for measuring steps, distance walked and walking behavior.16:17
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. Individuals were given a
picture showing correct placement and written instructions to increase the likelihood of
proper positioning throughout the study. Each participant completed an individualized 20
step pedometer calibration at a usual walking pace to assess the functional status of each
pedometer. Pedometers recording between 19 to 21 steps were deemed acceptable.
Pedometers were worn during all waking hours, except when bathing or swimming, and
removed before sleep at night. The total number of steps/day was recorded by the participant
on pedometer a log, average steps/day for the week was calculated.

Secondary Study Outcomes—Health-Related Quality of Life—The Medical
Outcomes Short-Form Health Survey (SF-36) was used to assess health-related quality of
life (HRQOL). The questionnaire is a self-completed questionnaire made up of different
domains that cover a range of psychological and physical functioning: physical functioning,
role limitations-physical, bodily pain, social functioning, general mental health, role
limitations- emotional, vitality, and general health perceptions. Scale scores range from 0 to
100, with the higher scores indicating a better self-reported HRQOL score.

Statistical Analysis

Analyses were performed using SPSS 16.0 for Windows (SPSS Inc., Chicago, IL), and the
alpha level was set a priori at 0.05. All variables were checked for normality by examining
frequency distributions before analysis. For participants who did not compete the
intervention, intent to treat analysis was used using the last observation carried forward
method.

Descriptive statistics are expressed as mean + standard deviation; all other data are reported
as mean + standard error. A 1-way analysis of variance was performed to check for
homogeneity between groups after randomization. Chi-square testing was carried out to
determine baseline categorical characteristic differences between groups. Both primary and
secondary outcome variables, change in PA and change in HRQOL, was analyzed with a 1-
way analysis of variance examining change in values from baseline to week 12 for the 3
walking intervention groups compared with the control group, with post hoc pairwise
comparisons where necessary.

To further examine the effectiveness of the 3 walking intervention groups given walking
goals to increase walking behavior (Groups 2 to 4) we explored the use of developing
individualized regressions between day of intervention and accumulated steps/day for each
person within each intervention group who completed the study. This permitted us to
evaluate the temporal changes in steps/day for each day of the intervention (n = 84) by
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examining the slope of variable (ie, Beta for steps/day). We elected to examine the data this
way to investigate average change over time, rather than only compare single point
observations of baseline versus post intervention observations. This analysis was possible
only for those intervention Groups that continuously wore the pedometer, therefore, not
possible in Group 1 who only wore the pedometer prepost intervention. A priori and guided
by the literature’ we deemed the intervention would be successful if PA levels increased by
approximately 2000 to 3000 steps per day by the end of the study. From the individualized
regression approach, a beta for steps/day of 24 or greater translates into an approximate
2000 steps/day increase or more, and a beta for steps/day of 36 or greater translates into an
approximate increase of 3000 steps/day increase or more, over the 12-week intervention
period. We then summed within each respective walking intervention group (Groups 2 to 4)
how many participants surpassed individualized beta values of greater than 24 or 36.

Of the 219 individuals screened for the study 81 individuals were deemed eligible and
enrolled into the study. Table 1 presents characteristics for all participants. There were no
significant differences found between the 4 experimental groups on any of the demographic
variables of interest at baseline. Of the 81 individuals enrolled, 61 completed the study;
there were no significant demographic, PA, or health variable differences between those
who completed versus those who dropped out of the study (data not shown). Study
participants were predominantly female (83%). On average participants were aged 63.8 =
6.0 years with a mean BMI of 29.7 + 5.1 kg-m~2. The majority of participants earned >
$35,000 (65%), completed a college degree (73%), and accumulated 5235 steps/day on
average. Participant characteristics can be seen in Table 1.

Primary Study Outcome—Total Physical Activity

There was a significant difference between study groups in accumulated steps/day after the
12-week intervention period (F= 17.226; £<.001). Post hoc testing revealed that
participants in Group 1 did not differ in accumulated steps/day following the 12-week
intervention compared with participants in Group 2. Participants in Group 3 took on average
2159 steps/day (P < .001) and an average of 1684 steps/day (£ =.002) more than Group 1
and 2, respectively, post 12-week intervention. Group 4 participants took on average 2488
steps/day (P < .001) and an average of 2013 steps/day (~ < .001) more than those
participants in Groups 1 and 2, respectively, after the 12-week intervention. The difference
in average steps/day between participants in Group 3 and Group 4, Group 4 walking 329
more steps/day on average after 12 weeks, did not reach statistical significance (P =.893),
see Figure 2.

Table 2 presents group and individual level regression analyses between total daily step
values and days of the intervention for those who completed the study for intervention
walking Groups 2 (n = 16), 3 (n = 16) and 4 (n = 14). Based on a predetermined successful
PA increase across the 12-week intervention period of 2000 steps/day equating to a daily
step increase of 24 steps/day, 44%, 75%, and 79% of participants successfully increased
their daily steps by this amount in Groups 2, 3, and 4, respectively. Similarly, based upon a
predetermined successful PA increase of 3000 steps/day, equating to a daily increase of 36
steps/day or more, 25%, 56%, and 64% increased their daily steps/day by this amount in
Groups 2, 3, and 4, respectively.

Secondary Outcomes

Table 3 shows than no significant 12-week intervention effects were detected for any of the
HRQOL scales. Change scores ranged across all self-reported scales from —6.7% to 4.3%
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for Group 1; —3.6% to 3.4% for Group 2; 1.4% to 13.7% for Group 3; and —5.6% to 3.4%
for Group 4.

Discussion

The purpose of this study was to compare a hierarchy of differing levels of PA intervention,
employing pedometer usage partnered with and without behavioral feedback delivered via
the mail and/or telephone in a group of inactive and insufficiently active older adults. The
main finding from this study was that compared with a standard education only group that
(a) a 10,000 steps/day pedometer target nonsignificantly increased PA by approximately 600
steps/day, (b) that a goal to increase steps/day by 10% above baseline values each week
partnered with biweekly mailed tailored motivation messaging significantly increased PA by
approximately 2150 steps/day, and (c) that augmenting the 10% increase per week above
baseline steps/day values and mailed tailored motivation messaging with intervening
scripted telephone feedback significantly increased PA by approximately by 2500 steps/day.

Few studies have specifically focused on the elderly for pedometer driven walking
interventions. Croteau et al® showed in an average aged group of 73 year olds, that a simple
weekly pedometer intervention with monthly group sessions to return walking logs and
establish new goals, that PA increased by approximately 640 steps/day, or 13.1%, at the end
of 12 weeks. Other studies in the literature specific to older adults have reported similar
findings. For instance, Talbot et al'2 employed a randomized study design evaluating the
effect of a pedometer based intervention compared with an arthritis self-management
program in a group of 34 elderly participants (mean age approximately 70 years), with
osteoarthritis of the knee. By the end of the 12-week intervention period the pedometer
group had increased their steps/day from 3519 + 2603 to 4337 + 2903, constituting a 23%
increase in average daily walking. In the current study, Group 2, receiving a 10,000 step/day
goal increased their activity levels by approximately 600 steps by the end of 12 weeks,
constituting an 11% increase.

More notably in the current study, is that integrating pedometer step target interventions
with individualized motivational feedback by way of a by-weekly newsletter (Group 3) and
by both biweekly newsletter and scripted telephone feedback (Group 4) increased average
PA by approximately 2150 and 2500 steps/day, equating to an walking an average of an
additional 1 to 1.25 miles per day. Noting an average walking speed of 3 miles per hour for
this age group, this increase would equate approximately to an additional 20 to 25 minutes
of moderate intensity PA each day, well on the way to achieving the minimum quantity of
PA recommended to achieve health benefits for older adults.18 The effect of combining
individualized motivational feedback and pedometer walking targets was more effective at
increasing PA over simple walking targets alone. In breaking down this PA increase to a
daily level of obtaining an additional 36 steps/day over the course of the program (equating
to approximate 3000 step increase over 12 weeks), we showed that between 56% to 64% of
the study population randomized to Groups 3 and 4 were successful in obtaining this level of
PA increase, compared with 25% of those randomized to the pedometer step target only
group, Group 2. Results also revealed that the addition of biweekly scripted telephone
feedback did not increase activity behavior beyond that achieved by the individualized
motivationally matched and pedometer feedback. Other literature has explored the ability to
mediate intervention delivery, such as via telephone and print structures.#6:19 The current
study adds to this, by way of showing that such delivery methods are effective, and that by
increasing the dose of intervention, further increases in PA may not be seen.

While the current study was successful in increasing the daily walking profiles of older
adults, there was little effect on self-reported health related outcomes. Our findings did not
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reveal any post intervention differences for self-reported health. Given that the overall study
population profile appeared healthy, by self-reported responses to the SF-36, the lack of
improvement is not surprising. Studies with stratified sampling to include those at risk for
selected health ailments would be advantageous to further study the impact of combined
pedometer walking targets and motivationally matched feedback.

There were several limitations to the current study. First, participants were mainly female
(83%), were college educated (73%), and were generally free of medical conditions.
Therefore results may not generalize to the overall population. Future studies exploring the
impact of different delivery methods (print versus internet) are warranted for older adults, as
well as fully exploring mediating factors associated with activity increases. Longer term
follow-up studies are also warranted to see the effect over time post intervention delivery.

Conclusions

In summary, our findings indicate that individually tailored motivationally matched
messaging partnered with pedometer targeted step goals was an effective intervention to
increase PA in inactive and insufficiently active older adults when delivered through the
mail. These findings are important given that older adults are the most inactive segment of
society and given the need for effective low-cost interventions.
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Study flow. Group 1 = Standard Educational Literature; Group 2 = Standard Educational
Literature + Pedometer; Group 3 = Motivationally Matched Literature + Pedometer; Group
4 = Motivationally Matched Literature + Pedometer + Phone.
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Figure 2.

Average physical activity by study group and time point. Group 1 = Standard Educational
Literature; Group 2 = Standard Educational Literature + Pedometer; Group 3 =
Motivationally Matched Literature + Pedometer; Group 4 = Motivationally Matched
Literature + Pedometer + Phone. * Statistically different from Group 1, A< .001. *
Statistically different from Group 2, £< .001.
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