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ABSTRACT

PURPOSE We compared the effectiveness of 2 physical activity prescriptions
delivered in primary care—the standard time-based Green Prescription and a
pedometer step-based Green Prescription—on physical activity, body mass index
(BMI), blood pressure, and quality of life in low-active older adults.

METHODS We undertook a randomized controlled trial involving 330 low-active
older adults (aged >65 years) recruited through their primary care physicians’
patient databases. Participants were randomized to either the pedometer step-
based Green Prescription group (n = 165) or the standard Green Prescription
group (n = 165). Both groups had a visit with the primary care practitioner and 3
telephone counseling sessions over 12 weeks aimed at increasing physical activity.
Outcomes were the changes in physical activity (assessed with the Auckland Heart
Study Physical Activity Questionnaire), blood pressure, BMI, quality of life (assessed
with the 36-Item Short Form Health Survey), physical function status (assessed with
the Short Physical Performance Battery), and falls over a 12-month period.

RESULTS Of the patients invited to participate, 57% responded. At 12 months,
leisure walking increased by 49.6 min/wk for the pedometer Green Prescription
compared with 28.1 min/wk for the standard Green Prescription (P = .03). For
both groups, there were significant increases across all physical activity domains
at 3 months (end of intervention) that were largely maintained after 12 months of
follow-up. BMI did not change in either group. Significant improvements in blood
pressure were observed for both groups without any differences between them.

CONCLUSIONS Pedometer use resulted in a greater increase in leisure walking
without any impact on overall activity level. All participants increased physi-
cal activity, and on average, their blood pressure decreased over 12 months,
although the clinical relevance is unknown.

Ann Fam Med 2012;206-212. doi:10.1370/afm.1345.

INTRODUCTION

Ider adults are at particular risk of low levels of physical activity,'

and increasing physical activity reduces risks of cardiovascular

disease, type 2 diabetes, some cancers, obesity, injury, osteopo-
rosis, and depression.? Participation in physical activity also improves psy-
chological functioning,®** quality of life, and independent living for older
people.® Despite mounting evidence of the benefits of activity, population-
level data show adults aged 80 years and older to be 7 times more likely to
be inactive than those aged 60 to 64 years.”

In New Zealand, the Green Prescription is a nationally supported and
funded intervention delivered through primary care to increase physical
activity. It involves an initial prescription of physical activity by a primary
care physician, followed by telephone counseling from trained physical
activity counselors (in government-funded, regional sport, and physical
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activity organizations), and is based largely within a
framework of motivational interviewing and goal set-
ting. The intervention uses time-based activity goals
to increase physical activity to meet the New Zealand
national guidelines of 30 minutes of moderate activ-
ity on most, if not all, days of the week.® Research has
shown the Green Prescription to be effective in increas-
ing physical activity in the adult® and older adult'’
populations, and also to be cost-effective.! In a cluster-
randomized trial, the group who received the Green
Prescription increased leisure activity by 34 min/wk
more than the control group.® For the older subpopula-
tion of that trial (aged 65-79 years), leisure time moder-
ate activity increased by 40 min/wk.'"® Only about 10%
of people who participate in the Green Prescription have
an increase in activity'®; thus, ways to involve more older
people in regular activity are clearly needed. Accumu-
lated incidental physical activity may be important to
achieving health benefits in older adults,'* and the use of
pedometers (as a motivational tool) is an effective way of
maintaining physical activity levels.'* In previously inac-
tive middle-aged women, pedometers have been found
to increase walking compared with advice to spend a
specific amount of time in this activity'>; however, health
outcomes related to this increase were not assessed.
Based on an overall goal of improving this national
scripting program, the Healthy Steps trial reported here
had the aim of comparing the effectiveness of a pedom-
eter-based Green Prescription with that of the proven
time-based (standard) Green Prescription.”'® The trial
also sought to investigate the effects of the interventions
on blood pressure, body mass index (BMI), functional
status, and health-related quality of life.

METHODS
Trial Design

We used a randomized controlled trial to test the
effect of a pedometer-based Green Prescription on
physical activity and a range of health outcomes in
low-active older adults. The intervention group was
compared with a group assigned to the standard
Green Prescription. Methods for this trial have been
described elsewhere,'® as have details of its cost-effec-
tiveness."” The trial is reported according to the Con-
solidated Standards of Reporting Trials (CONSORT)
statement." The trial protocol was approved by the
New Zealand Ministry of Health's Health and Disabil-
ity Ethics Committee in 2005.

Participants and Recruitment

We recruited participants through 17 primary care
physicians from 10 general practices in Auckland, New
Zealand. Inclusion criteria included an age of 65 years

or older, ability to communicate in English, ability to
give informed consent, residing in the community, abil-
ity to walk, and freedom from health conditions that
contraindicate participation in physical activity. Exclu-
sion criteria included visual impairment that would
make it impossible to read a pedometer screen. Physi-
cians screened a list of all their patients for eligibility,
first using the 65 years and older criterion, and then
excluding only those within this age range who did not
meet the above criteria. Physicians sent an invitation to
all eligible patients in each practice. Those who replied
were contacted by telephone and screened for physical
activity level with the question "As a rule, do you do
at least half an hour of moderate or vigorous exercise
(such as walking or a sport) on 5 or more days of a
week?" (The positive predictive value of this question
is 81% for identifying “less active” adults.'”) We used
the Physical Activity Readiness Questionnaire (PAR-
Q)** to screen for health conditions contraindicating
physical activity. Clearance from their usual physician
was obtained for those who had a positive result on
the PAR-Q, with no one eventually excluded. A home
visit was arranged to obtain written informed consent,
assess baseline measures, and arrange an appointment
with their physician for commencement of the inter-
vention. In addition, participants were given a calendar
for recording any falls and injuries. Recruitment took
place between July 2006 and December 2007.

Sample size calculation used means, standard devia-
tions, and changes from baseline in previous trials.’
A sample size of 137 per group would have at least
80% power at the .05 level of significance to detect a
true difference in the change between the 2 groups
of 60 minutes of moderate physical activity per week,
5 points on the 36-Item Short Form Health Survey
(SF-36) general health domain, and a detectable 15%
of participants meeting physical activity guidelines.
Given an estimated attrition of 20% over 12 months,
165 participants were needed in each group.

Randomization and Blinding

Participants were randomized individually after base-
line assessment. Randomization was blocked, and the
lists were generated by an independent member of the
research team. Physicians were notified of a partici-
pant's group allocation before the participant received
the physical activity prescription. For the 31 couples
recruited, individuals in the couple were allocated to
the same intervention. All outcome measures were
assessed by a researcher blinded to group allocation.

Measures
Outcomes were ascertained during home visits. All out-
come measures were obtained at 3 to 4 months (end of
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the intervention) and at 12 months (follow-up). All ques-
tionnaires were provided in English. Demographics (age,
sex, ethnicity, marital status, education, occupation, and
socioeconomic indicators) were collected at baseline.
Outcome variables included physical activity,
health-related quality of life, blood pressure, weight,
height, functional status, and adverse events (falls
and injuries). Physical activity was assessed with the
Auckland Heart Study Physical Activity Question-
naire (AHSPAQ),"?' an instrument validated for use
with less active adults in primary care using activity
diaries and pedometer readings as comparators.'” The
AHSPAQ prompts individuals to recall their physi-
cal activity including walking, moderate and vigorous
activity, leisure activity, and occupational and domestic
activity. Health-related quality of life was assessed
with the SF-36 questionnaire.?? Blood pressure was mea-
sured 3 times with an electronic sphygmomanometer,
and information on use of blood pressure medication
was obtained through self-report. We measured weight
using electronic scales and height using a portable stadi-
ometer. Physical function was assessed using the Short
Physical Performance Battery (SPPB), specifically the
gait speed, chair stands, and tandem balance tests.?3?°
Data on self-reported adverse events were collected
monthly. Blood pressure medications were assessed by
self-report at each time point. Self-reported measures
of any new illness or life events that had a serious
effect on health or ability to do physical activity were
collected at the end of intervention and at 12 months.

Interventions

A detailed account of the 2 interventions has been
published previously.'® Participants in the pedometer-
based Green Prescription group received initial
face-to-face advice on engaging in physical activity
from their physician that was then followed up by

3 telephone counseling sessions by trained physical
activity counselors over 3 to 4 months. Telephone
counseling call 1 focused on information provision and
goal setting (15-30 minutes), call 2 focused on assess-
ing progress and further goal setting (10-15 minutes),
and call 3 provided further encouragement and dis-
cussions around relapse prevention (10-15 minutes).
All participants took part in all sessions. Goal setting
based on steps was used as a main component of this
intervention, and participants were encouraged to use
their pedometer to monitor steps taken throughout
the day. Goals were set by participants as part of their
interaction with the physical activity counselor, in
which they received guidance on how to set relevant
goals based on identified barriers and on factors that
enable increasing activity. Individual goals were pre-
dominantly based on pursuing activities that increase

step counts in an incremental manner over time, and
were dependent on identified lifestyle factors, acces-
sibility to facilities, level of mobility, and current level
of activity. Some goals were specifically based on
engaging in an activity and receiving feedback via the
pedometer on step-based gains, whereas other goals
were based on increasing the number of steps per day
(eg, by 1,000 steps). Examples of goals included walk-
ing rather than driving to the shopping center to accu-
mulate 1,500 steps, walking to a friend's house rather
than using the telephone, and participating in an older
adult dance activity at the local community center. We
did not specifically use the 10,000 steps target used in
some other studies.

Participants in the standard Green Prescription
group received the same intervention with the excep-
tion that counseling focused on accumulating physical
activity around time-related goals rather than step-
related goals.

Statistical Analysis

We analyzed the differences between the pedometer-
based Green Prescription and standard Green Pre-
scription groups in change of outcome variables using
a repeated-measures Generalized Estimating Equation
(GEE) model with an autoregressive covariance matrix,
which computed the observed data as incomplete.
Couples were treated as a cluster and, as noted, were
randomized together into the same group. The GEE
model automatically adjusts for baseline differentials
and interpolation of missing data. We adjusted the
models for known determinants of physical activ-

ity (age, sex, whether partnered, education level, and
occurrence of an illness or event that had a serious
impact on health or ability to do physical activity), and
study design effects (physician and couple cluster). To
account for nonnormality of physical activity and BMI
data, physical activity minutes were modeled using

a negative binomial distribution and BMI was trans-
formed with a logarithmic function. For the analysis
of blood pressure data, we included additional covari-
ates of medications for blood pressure, as well as any
changes in these medications over the course of the
study. All analyses were performed using SAS statisti-
cal software, version 9.1.3 (SAS Institute, Inc).

RESULTS

Of 1,739 patients invited by 17 primary care physi-
cians, 986 (57%) agreed to participate. Of these, 656
were excluded because they changed their mind about
participation on contact (22%), had participated in a
Green Prescription Program in the last 2 years (2%),
were too active (40%), or were medically unsuitable
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for inclusion in the trial (3%). A total of 330 patients
were recruited into the trial. At the end of the interven-
tion (3-4 months), 278 remained, and at follow-up (12
months), 270 remained. Reasons for dropping out of the
study included death (3 patients), a change in health
(14), being too busy or changing one's mind (31), not
receiving any intervention (1), being told by a nurse
they were too active for the study (1), traveling (3),
moving (4), and being out of contact (3). Figure 1 shows
the flow of participants through each stage of the trial.
As Table 1 shows, there were no significant differ-
ences in participant sociodemographic characteristics
between groups at baseline. Table 2 shows results of
the GEE repeated measure models for the primary
and secondary outcomes. At 12 months, minutes of
leisure walking differed significantly between groups
(P =.03) over time. Specifically, during the interven-
tion period (3-4 months), the pedometer-based Green
Prescription group increased leisure walking by 63.0
min/wk on average, more than double the increase in
the standard Green Prescription group of 30.9 min/wk.
This initial increase was then followed by a decrease of
13.4 minutes (net overall increase of 49.6 min/wk) for

the pedometer-based Green Prescription group at the
12-month follow-up, and a decrease of 2.8 minutes (net
overall increase of 28.1 min/wk) for the standard Green
Prescription group. No other measures showed a sig-
nificant between-group differential change over time.

All participants increased total walking activ-
ity over time. Blood pressure (systolic and diastolic,
adjusted for medication for heart conditions and
hypertension) decreased within each group over time,
with no significant difference between them. There
was no significant differential change between the
groups in physical function SPPB scores (P =.97) and
no change over time (P =.25). Neither group had a
change in BMI in this study:.

We did not analyze several SF-36 quality of life
scores because of moderate to strong ceiling effects.
Ceiling effects were observed at baseline for bodily
pain (29.3% of participants scored 100%), role physical
(61.6%), social functioning (69.2%), and role emotional
(87.5%). Those SF-36 quality of life measures that we
did analyze (physical functioning, general health, vital-
ity, mental health) improved significantly over time, but
with no differential changes between groups.

We assessed falls, with and without
injuries, across groups both during the

Steps trial.

Figure 1. Flow of participants through each stage of the Healthy

intervention period and at follow-up (for
1 month at 11-12 months). During the

1,739 Invited to participate

3-month intervention, the proportion of
patients reporting at least 1 fall that did
not result in injury was similar in the 2

753 Declined

\4

groups (7.9% and 7.3% for the pedome-

A
986 Agreed to participate

ter-based and standard Green Prescrip-
tion groups, respectively, x = 0.04,

P =.84). At follow-up (11-12 months), fall
rates were also low, with no difference

Y

656 Excluded

between groups (5.7% and 3.1%, respec-

\ 4

330 Enrolled and randomized

Y A

tively, x*, = 1.10, P=.29). The 2 groups
also had a similar proportion of patients
reporting at least 1 fall resulting in injury
(5.5% and 8.5% for the pedometer-based
and standard Green Prescription groups,

respectively, x?, = 1.17, P=.28). At follow-
165 Allocated to pedome- 165 Allocated to standard h h [ h fall
ter Green Prescription Baseline Green Prescription up (11-12 months), the rate of such falls
10 Missed assessment assessment 7 Missed assessment was also 1OW, with no difference between
12 Lost to follow-up 23 Lost to follow-up groups (2.7% and 2.3%, respectively,
X% =1.08, P=.78).
Y A
] 3- to 4-Month ;
143 in Pedometer group follow-up 135 in Standard group DISCUSSION
13 Lost to follow-up assessment 12 Lost to follow-up
This trial shows a beneficial impact in
‘ leisure walking of the pedometer when
Y C
‘ 12-Month ‘ used as part of the Green Prescription
140 in Pedometer group follow-up 130 in Standard group for older adults. Pedometer-based activ-
assessment

ity counseling appears better than the
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; . ) ability to see the number of steps
Table 1. Patient Characteristics at Baseline (N = 330) . . .
attained through particular activities
Standard Pedometer-Based and throughout the day. It could be
Green Prescription  Green Prescription that the pedometers encouraged more
Group Group P hievable and sustainable incr
Characteristic (n =165) (n=165) Value? ?C evé ¢ and susta a' ¢ Increases
in habitual physical activity that are
Age, mean (SD), y 73.9 (5.9) 74.3 (6.2) .62 . .
not necessarily supported by a time-
Couples, No. 16 15 - based L. This findi dd
Female, No. (%) 92 (55.8) 86 (52.1) 51 ased prescription. Lhis finding adds
New Zealand 162 (98.2) 158 (95.8) 10 to the positive trials set in primary
European, No. (%) care”'” and increases options for physi-
Married or living with 101 (61.2) 108 (65.5) 42 cal activity counselors. The cost of a
partner, No. (%) edometer (NZ$25, US$18.50) makes
Education, No. (%) p ! ’
No qualification 43 (26.1) 42 (25.4) .89 it an affordable option.
High school 33 (20.0) 30 (18.2 In contrast to other trials of the
qualification Green Prescription,”' this trial showed
Poéa;mgcr‘a;i)z(’o' 89 (53.9) 93 (56.4) reductions of systolic and diastolic blood
Retired, No. (%) 129 (78.2) 130 (80.3) 65 pressure of 10 and 4.5 mm Hg, respec-
Clinic, No. (%) 44 tively, for the whole trial population.
Clinic 1 62 (37.6) 64 (38.8) Such reductions are unusual in physical
Clinic 2 6 (3.6) 13 (7.9) activity trials and of major health impor-
Clinic 3 25 (15.2) 23 (13.9) tance for older people as a subsequent
Clinic 4 6 (3.6) 5(3.0) reduction in stroke and myocardial
C'fmc 5 7(4.2) 5030 infarction would be expected.?
C:fnfc 6 11(6.7) 13(7.9) Our results suggest that pedom-
clinic 7 24 (14.9) 1463 eter-based Green Prescription may
Clinic 8 12 (7.3) 8 (4.9) .
- be as effective as the standard Green
Clinic 9 2(1.2) 5 (3.0) eetved ,
Clinic 10 10 (6.1 15 (9.1) Prescription in improving blood pres-
Taking medications 66 (40.0) 75 (34.4) 32 sure and total energy expenditure,
for heart conditions/ but because there was no true con-
1 0y
hypertension, No. (%) trol group, we cannot be certain. We
Own and use an auto- 148 (89.7) 156 (94.6) .10 .
mobile, No. (%) cannot truly determine whether the
2 The test was a t test for age and a x? test for other characteristics. improvements in both groups were

standard Green Prescription, at least for promoting
and maintaining (up to 12 months) leisure walking.
Walking behavior increased by 30 min/wk more in the
pedometer-based group than in the time-based activity
group. Similar increases have been observed in middle-
aged women, where those instructed to walk 10,000
steps daily walked more than those instructed to take a
brisk 30-minute walk on most days of the week."”” The
results of the present trial also suggest that regardless of
the type of physical activity goal that is recommended
to patients and on which they are counseled, levels
increased and were maintained over 12 months. This
result supports the findings of other studies of the stan-
dard Green Prescription, which demonstrated improve-
ments in physical activity among both adult® and older
adult'® groups.

Pedometers, in this study, likely improved the effi-
cacy of the activity prescription by providing regular
objective monitoring and feedback to assist motiva-
tion. This function is achieved through participants'

due to participation in the trial, natu-
ral progression of symptoms, or other
initiatives in health care or changes in the wider com-
munity. This study does support earlier findings that
quality of life*!° and activity levels®'* improve with
the Green Prescription intervention and adds a reduc-
tion in blood pressure to the positive impact of activ-
ity interventions in low-active older people.

Four further considerations are worthy of discussion
when interpreting this trial's findings. First, we have
no data on adherence beyond the 12-month follow-up.
This limitation is important as the effects of physi-
cal activity on health may be cumulative. Second, the
response rate (57%) should be considered in relation to
the findings, although such a rate is consistent with our
experience in primary care physical activity trials.>?”
Third, despite the sample size calculations, the sample
may have been insufficient to detect smaller, but still
clinically important, improvements in outcomes. Finally,
use of self-reported physical activity could be seen as a
limitation in this study; however, the AHSPAQ is valid
using pedometer data as the comparator.'®
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Table 2. Measures of Physical Activity and Other Outcomes by Group and Time Point
Time Point, Adjusted Mean (95% Cl) P Value
Time X
Measure Group? Baseline 3 Months 12 Months Time Group Group
Leisure activity, min/wk
Total® S 92.5 (74.6-114.8) 146.3 (120.2-178.0) 147.1 (115.0-188.3) <.001 .78 13
P 80.6 (63.6-102.0) 168.9 (139.4-204.8) 160.4 (125.1-205.6)
Moderate® S 69.9 (53.8-90.8) 111.4 (88.2-127.3) 99.4 (76.0-130.1) <.001 .98 .16
P 56.4 (43.4-75.5) 121.2 (93.6-157.0) 114.2 (87.4-149.3)
Walking® S 61.3 (47.2-79.6) 92.2 (73.4-116.0) 89.4 (64.5-123.9) <.001 .70 .03
P 43.4 (32.7-57.7) 107.4 (82.7-139.4) 94.0 (72.0-122.7)
Total walking activity,® S 81.5 (64.2-103.6) 106.1 (87.4-129.0) 143.0 (114.0-179.3) <.001 .27 12
min/wk 2 57.0 (44.3-73.3) 109.9 (87.9-137.6) 139.0 (112.0-172.5)
BMI, kg/m? S 26.4 (25.7-27.2) 26.3 (25.6-27.0) 26.4 (25.6-27.1) .06 13 1
P 27.2 (26.4-28.0) 27.2 (26.3-28.0) 27.0 (26.2-27.8)
Blood pressure, mm Hg
Systolic S 145.8 (140.4-151.3) 133.4 (128.6-138.1) 136.7 (132.0-141.4) <.001 4 .98
P 144.2 (138.6-149.9) 131.9 (127.1-136.7) 134.8 (130.1-139.5)
Diastolic S 82.4 (79.6-85.3) 76.8 (74.3-79.4) 78.8 (76.2-81.4) <.001 73 .55
P 83.5 (80.5-86.5) 77.4 (75.0-79.9) 78.3 (75.8-80.8)
Short Physical Perfor- S 8.5 (8.1-9.0) 5 (8.0-9.0) 8.5 (8.0-9.0) .25 .97 a7
mance Battery p 8.3 (7.8-8.8) 3 (7.8-8.8) 8.8 (8.4-9.3)
SF-36 scale
Physical functioning S 73.1 (69.5-76.7) 76.1 (72.6-79.6) 78.4 (74.8-81.9) <.001 .22 .83
P 71.2 (67.4-75.1) 73.7 (70.1-77.3) 75.3 (71.7-79.0)
General health S 72.6 (69.8-75.4) 77.1 (74.3-79.8) 80.1 (77.5-82.7) <.001 93 .19
P 73.9 (71.0-76.9) 76.7 (73.9-79.4) 78.7 (75.9-81.6)
Vitality S 64.7 (61.8-67.7) 66.8 (63.8-69.7) 70.6 (67.8-73.4) <.001 .85 .66
P 64.4 (61.1-67.6) 68.0 (65.0-71.0) 70.6 (67.8-73.3)
Mental health S 82.7 (80.5-84.9) 85.4 (83.3-87.4) 87.0 (85.2-88.7) <.001 .50 93
P 82.2 (79.6-84.8) 84.7 (82.4-86.9) 86.0 (83.8-88.1)
BMI = body mass index; SF-36 = the 36-Item Short Form Health Survey.
Notes: Repeated measures Generalized Estimating Equation model adjusted for age, sex, partner, education, occurrence of health or other events since baseline, and
clustered by physician and couple. Blood pressure also adjusted for medications and change in medications for heart conditions or hypertension. The Short Physi-
cal Performance Battery scores range from 0 to 12; higher score indicates better function. The SF-36 scales scores range from 0 to 100; higher score indicates better
health-related quality of life.
2S = standard Green Prescription group; P = pedometer-based Green Prescription group.
®The 4 measures of physical activity are nonexclusive.

In conclusion, this randomized controlled trial
tested 2 types of intervention that appear quite
similar, yet approach the goal of increasing physical
activity from different angles. One (the pedometer-
based Green Prescription) encourages accumulation of
habitual activity through the use of a device that pro-
vides feedback on steps taken. The other (the standard
Green Prescription) encourages achieving national
physical activity guidelines through a time-based pre-
scription. Both approaches are popular, so understand-
ing differences in outcomes is important. The use of
pedometers led to a greater increase in leisure walking
activity than did reliance on only time-based goals
(ie, no use of a pedometer). Overall physical activity
improved in both groups, as did blood pressure. Incor-
porating pedometers into the Green Prescription is a

useful strategy for consideration in physical activity
promotion for older people, and our results suggest
that these devices may have a large untapped potential
for public health benefit. The findings of this study,
combined with the demonstrated cost-effectiveness of
the interventions,'” allow health funding agencies to
consider the use of such approaches to improve activ-
ity levels.

To read or post commentaries in response to this article, see it
online at http://lwww.annfammed.org/content/10/3/206.

Key words: physical activity; primary health care; randomized con-
trolled trial; older adults; sedentary lifestyle; health promotion; practice-
based research
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