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Abstract—The aim of this study was to develop a sy stem for 
and determine the feas ibility of monitoring home exercise for 
physically inact ive old er adul ts using  a Heal th Bud dy (H B) 
text m essaging devi ce (R obert Bosch Healthcare; Palo Alto, 
California). Questions and messages related to exercise adher -
ence are displayed on the HB screen and participants choose a 
response by pressing the corresponding button on the device. 
Responses are transmitted t hrough a l andline co nnection and 
high-risk responses are h ighlighted by  the system  for fo llow-
up. We developed the questions and messages based on input 
from patient and clinician focus groups. We evaluated feasibility
by admi nistering the in tervention to  inpat ient an d ou tpatient 
adults aged 60 or older. We gave participants a choice of exer-
cise m onitoring by  HB ( n = 2 0) or t elephone ( n = 18). The 
results showed that home exercise monitoring by HB and tele-
phone is safe, as evidenced by low adverse event rates. We saw 
a decline in exercis e adherence rates to  both the H B and t ele-
phone after 8 weeks, alt hough adherence was better for HB 
than telephone. Taken together, the results demonstrate the fea-
sibility of using  text m essaging to m onitor hom e exerci se 
adherence in physically inactive older adults.

Clinical Trial Registration: ClinicalTrials.gov; Home Telere-
habilitation for D econditioned Ol der Adul ts, N CT00386256; 
http://clinicaltrials.gov/ct2/show/NCT00386256.

Key w ords: deconditioning, exercis e, exercise adherence, 
exercise mon itoring, Health Bud dy, old er adul ts, ph ysical 
activity, telephone, telerehabilitation, text messaging.

INTRODUCTION

The Healthy People 2010 guidelines recommend that 
all Americans engage in at least 30 minutes of moderate-
intensity activity 5 days per week or at leas t 20 minutes  
of vig orous-intensity exercise 3  da ys per w eek [1]. In  
2001, approximately 34 p ercent of adults in th e general 
U.S. population achieved th is level of activity . Even 
fewer older adults met these  gu idelines; amon g old er 
adults aged 65 to 74, only 16 percent met the guidelines 
for moderate-intensity exer cise an d 13 percen t met the 
guidelines for vigorous-inten sity e xercise [2]. Although 
U.S. veterans are more physically active than nonveter-
ans across all age groups, many veterans also do not meet 
Federal recommendations for weekly moderate physical 
activity [3–4]. In an analysis of a national sample of vet-
erans, Littman et al. found t hat 45.6 percent of veterans 
aged 50 to 59 and 40.7 percent of veterans 70 years met 
daily physical activity level r ecommendations [4]. Physical 
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activity levels were lower for veterans receiving care 
from the Department of Veterans Affairs (VA) than those 
who received healthcare in other settings [4].

Physical inactivity is an important probl em to 
address for older veterans because continued inactivity 
may contribute toward the development of decondition -
ing, frailty , and di sability. D econditioning is clinically 
defined as “multiple changes in organ system physiology 
that are induced by inactivity  a nd re versed by activity” 
[5]. In older adults, deconditioning may be a result of the 
aging process itself, disea se, a nd inac tivity such as bed 
rest or a se dentary lifestyle. Deconditioning may start at 
any time, may become worse during hospitalization, and 
may continue after discharge [5]. If left untreated, decon-
ditioning may become chroni c and lead to functional 
decline, institutionalization, and increased mortality [5].

Frailty in older adults is a new and emerging syn -
drome [6–9]. Geri atricians generally agree that frailty 
and disability are related, and both can result from 
decreased activity over time [10]. According to Fried et 
al., frailty is a consequence of disease and age-related 
changes an d is  de fined as  a  “p hysiologic st ate of 
increased vulnerability to stressors that results from 
decreased physiologic reserves of multiple physiologic 
systems” [10]. Disability is related to frai lty and is 
defined as “difficulty o r d ependency in  carryin g o ut 
activities essential to independent living, including essen-
tial roles, tasks needed for self-care and living indepen-
dently in  a h ome, and desired activities important to 
one’s quality of life” [10]. Th ese definitions have led to 
frailty being described as a continuum based on the pres-
ence or absence of clinical manifestations such as  weak-
ness, weight loss, slow walki ng speed, fatigue, and low 
levels of activity [10–12]. It s prevalence in the  general 
U.S. population is estimated at 3 to 7 percent in those 65 
to 75 years old and 32 percent in those 90 years old [6]. 
The prevalence of frailty i n the veteran populat ion may 
actually be higher. In a study of 98 5 veterans who were 
admitted to the VA Palo Alto Health Care System,
27 percent of those 65 years old were judged to be frail 
with a 1-year mortality rate of 45 percent [13]. Once an 
older adult becomes frail, he or she is at increased risk for 
events su ch as  fa lls, inju ries, ad verse h ealth outcomes, 
institutionalization, and mortality [14–15].

A pref rail stage, in which one or two criteria are 
present, identifies a subset of individua ls at high risk of 
progressing to the frailty stage [16]. The identification of 
a prefrail stage is significant because studies suggest that 

the effects of prefrailty may be reversible [7]. Gill et  al. 
studied 754 community-dwelling adults 70 years old for 
transitions between stages of frailty [7]. They identified 
frailty based on weight loss , moderate to severe exhaus-
tion, low physical activity based on kilocalories of physi-
cal ac tivity e xpended ea ch week, muscle  weakne ss a s 
related to body mass index and a handheld dynamometer 
test, and slow walking speed. They classified older adults 
as prefrail if they met one or two criteria and fr ail if they 
met three or more criteria. Of the total sample, they clas -
sified 51.2 percent as  pre frail at the beginning of the 
study period. As the cohort aged, approximately 40 per-
cent went from a nonfrail to a prefrail state at 18 months 
and 25 percent went from a prefrail to a frail state. Frailty 
was parti ally r eversible, w ith 23 percent going from a 
frail to prefrail state and 11 percent going from a prefrail 
to nonfrail state at 18 months. No individuals went from 
a frail to nonfrail state, suggesting that once an individual 
reaches the fra il state, he or s he will a lways be at lea st 
somewhat frail. Collectively, these results suggest that if 
healthcare p roviders can intervene b efore a patient 
reaches the frail state, the potential exists for halting or 
reversing the condition.

Home Telehealth Monitoring
Telehome health programs have been implemented to 

support o lder adults in t heir homes [17–19]. In th e VA, 
home teleh ealth programs have fo cused o n monitoring 
chronic disease conditions. Early evaluation of these pro-
grams have shown improvements in functional status and 
cognitive status [17] and reductions in resource ut iliza-
tion [20]. Surveys have shown excellent patient, family/
caretaker, and provider satisfaction [18].

Home telehealth programs have a lso been used to 
monitor exercise performance. Fletcher et al. established 
the efficacy and sa fety of tra nstelephonic electrocardio-
graphic monitoring in patients with co ronary artery dis-
ease who exerc ised at home  [21]. In another study , 
Sparks et al. found significa nt improvement in ca rdiac 
function with no  medical emer gencies using  tran stele-
phonic exercise monitoring (TEM) [22]. The re searchers 
concluded that TEM was  an ef fective alternative for the  
rehabilitation of patient s unab le to attend a hospital-
based exercise program.

Using Text Messaging to Promote Exercise Adherence
The early studies demonstrating high satisfaction and 

clinical effectiveness of te xt messaging suggest that text 
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messaging ma y potentia lly be  a useful tool to promote 
exercise behavior in older adults. Several text messaging 
devices a re available for clin ical monitoring, including 
the Health Buddy (HB) (Robert Bosch H ealthcare; Palo 
Alto, California), V iTelCare Turtle 400 (ViTel Net; 
McLean, Virginia), Viterion 100 and 200 telehealth moni-
tors (V iterion T eleHealthcare; T arrytown, New Y ork), 
and InLife XP Patient Monitor and LifeView Patient Sta-
tion (Ame rican T elecare; Eden Prairie, Minnesota). 
These text messaging devices transmit messages using a 
telephone landline service co mpared with de vices that 
use an Internet or wireless connection (e.g., cellular tele-
phone or WiFi [wireless fidelity]).

Several adva ntages exist to using text messa ging 
through a landline. First, these devices can be connected 
to pe ripheral measurement de vices such a s blood pres -
sure instruments or weight scales [23]. T ext messa ging 
devices are simple to use for older patients because of the 
big buttons and lar ge font size s. Olde r adults a re more 
likely to have a telephone landline than Internet or wire -
less connections. These advantages led us to convene a 
pilot study with the overall aims of developing and deter-
mining the feasibility of a text messaging program to 
monitor exe rcise be havior in the home for physically 
inactive older adults. Feasibility was assessed by
(1) determining if a text messaging intervention adminis-
tered through the HB targeted to physically inactive older 
veterans to monitor exercise behavior could be adminis-
tered safely and with high pati ent satisfaction compared 
with a telephone monitoring group, (2) determining inter-
vention adherence for the  HB group (text messa ging 
adherence) an d the telepho ne gro up (telephone adher-
ence), and (3) de termining exercise adhe rence ra tes for 
the H B group compared with  a teleph one mo nitoring 
group.

METHODS

Development of Exercise Monitoring Intervention 
Using Text Messaging

A literature review of existing models of home exer-
cise, as well as input from rehabilitation and technology 
experts and patients through focus group discussions, ini-
tiated the  development of the  text messa ging interve n-
tion. The expert focus group consisted of five individuals 
selected for their expe rtise in home  exercise for older 
adults, rehabilit ation, and home teleheal th technology . 

The two patient focus groups consisted of older individu-
als enrolled in a Care Coordination Home Telehealth Pro-
gram for disease monitoring or who had been discharged 
from the acute hospital setting in the previous 6 months. 
We asked pa tients about their prefere nces regarding the  
use of t echnology for health monitoring (patient focus 
group 1), the kinds of exercise they do, how much exer-
cise they do, what kinds of advice they were given about 
exercise while in the hospital, perceived barriers to exer-
cise and what they do to overcome these barriers, factors 
affecting adherence to exercise, and desired exercise out-
comes (patient focus group 2).

We combined information obtained f rom the focus 
groups with our clinical ex pertise to develop the home 
telehealth monitoring int ervention using text  messag ing 
devices. We selected the HB, versions 1 and 2, for use in 
this exercise monitoring in tervention because of its high 
satisfaction ratings from patients in the focus groups [24]. 
We alre ady use these devices  in our medic al c enter to 
monitor patients with c hronic disea ses such a s diabetes  
and hypertension and loaned them to our project for use  
with physically inactive patients. Figure 1 shows the HB. 
The HB is powered through an electrical plug connected to a 
wall socket. The telephone is then plugged into the HB, and
the HB is plugged into the telephone wall jack (Figure 2).

Feasibility Testing of Text Messaging Intervention
After developing the text messaging intervention, we 

determined its feasibility in monitoring home exercise on 
a sample of old er veterans. W e assign ed stu dy partici-
pants to  either th e HB or teleph one mon itoring gro up 

Figure 1.
Health Buddy device.
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based on their preference.  W e assessed feasibility by 
evaluating the  s afety, p atient satisf action, intervention 
adherence rates to the HB or telephone, and exercise  
adherence rates for the HB and telephone groups.

Participants
We recruited a convenience sample of 38 older veter-

ans to participate in the study from both the inpatient and 
outpatient settings of a large urban academic VA hospital. 
The initial intent was to ta rget physically inactive inpa -
tients that were being discharged from the hospital. How-
ever, because inpatients had a high dropout rate from the 
feasibility study , we  redirecte d our focus  to physically 
inactive outpatients. W e recr uited potential participants 
through referrals from phys icians, case manage rs, a nd 
social workers; participant re cruitment fairs; and flyers 
posted around the hospital. We asked interested veterans 
to contac t the re search c oordinator w ho would then 
describe the study in detail. We scheduled those veterans 
who wanted to participate in the study for an initial in-
person visit at the hospital where the research coordinator 
would review and obtain wr itten informed consent and 
screen the veteran for possible inclusi on in the project. 
Inclusion criteria were as follows: 60 years old, patient 
report of acute decline in functional status while hospital-
ized (if recruited from the inpatient setting) or patient 
report of physical inactivity (if recruited from the outpa-
tient setting) as indicated by answering “No” to the question
“Do you exercise at least 3 days a week for 30 minutes or 
more for the purpose of impr oving or maintaining your 
health?,” ability to hear an d communicate by telephone, 

ability to read a video or text monitor, ability to manually 
operate the  tech nology, ha ve a w orking tele phone a nd 
power source, and willingness  t o use text messaging 
technology. Exclusion criteria were as follows: not fluent 
in English; poor cognitive functioning; nonambulatory; 
or stro ke, my ocardial infarction, h ip fra cture, or h ip o r 
knee replacement in the 6 months before study enrollment.
We asked participants meeting screening criteria to select 
their preferred monitoring method, i.e., HB or telephone.

Interventions
We scheduled participants who selected HB monitor-

ing for a home visit with the study coordinator within the 
first week after the initial session. The purpose of this 
home visit was to set up the HB and instruct the partici -
pant in its use. We programmed the HB to ask a series of 
daily questions using a bran ching logic related to exer -
cise performance , wa lking, and experience of adverse  
events. The HB would remind the participant to answer 
the daily qu estions by  providing a so ft beep ing so und 
approximately every 24 hours. The participant then initi-
ated the daily questions by pressing a ny of the four but -
tons on the HB. The particip ant responded to the daily 
questions by pressing the button on the HB correspond -
ing to the answer , and the data would be transmitted 
through a telephone landline to a computer server located 
at th e ho spital. A vend or-supplied soft ware pro gram 
automatically analyzed the data to facilitate viewing by 
research staff. In addition to providing raw data on partici-
pants’ re sponses, the program summarize d the data by 
risk stratifying responses into “low risk” and “high risk” 
groups using a color-coding method. Research investiga-
tors predetermined the values for these groups during the 
development of the daily questions. The entire process of 
answering daily questions to ok about 5 minutes for the  
participant to c omplete. A research as sociate reviewed 
the transmitted information daily, then contacted the par-
ticipant by telephone if th ere were any reported adverse 
events as denoted by positive responses to questions regard-
ing chest pain, dizziness, and/or falling. If any of the above 
adverse events was confirmed, the study physician called 
the participant at home for appropriate triaging and clinical
management. In addition, we  interspersed motivati onal 
and e ducational messages be tween daily questions to 
encourage the participant to keep exerc ising. For exam-
ple, one motivational mes sage said, “Make sure you do 
your exercise s today. Exer cise will help you inc rease 
your daily activity level.”

Figure 2.
Health Buddy setup with telephone.
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In the telephone monitoring group, we asked partici-
pants to call the re search c oordinator on a  da ily basis . 
During the c all, the rese arch coordinator asked partici-
pants the same series of questions about exercise perfor-
mance and safety as  administered to the HB group. We 
gave participants  the s ame res ponse choices as the HB 
group. The research  coordinator also p rovided the same 
educational a nd motiva tional me ssages as the H B to 
encourage the participant to exercise.

Measurements
We used the following measures to assess safety, text 

messaging adhe rence, exe rcise adherence, and pa tient 
satisfaction.

Safety 
We assessed each participant’s in-home safety by the 

number of adverse events they reported during exe rcise. 
Specifically, we asked partic ipants daily whether they 
experienced any chest tightness, pressure, or pa in; dizzi-
ness; and/or trips, stumbles, or fa lls during the most 
recent exercise session. We administered the same ques -
tions to both the HB and telephone groups. For example, 
one question was, “D id you e xperience dizziness during 
your most rec ent exercises?” Response choices for eac h 
adverse event question were “No” and “Yes.” If the  par-
ticipant responded “No,” the HB would deliver the fol-
lowing message: “Very good! Continue with your daily 
exercises to kee p yo u he althy.” I f the participant 
responded “Yes,” the HB woul d deliver the follo wing 
message: “Call your Care C oordinator if these  problems 
are p reventing yo u from co ntinuing y our d aily exer -
cises,” followed by the contact information for the c are 
coordinator, telecare nurse, and emergency 911.

Text Messaging or Telephone Adherence 
We calculated text messaging or telephone adherence 

rates in two ways. First, we calculated a whole group text 
messaging or telephone  adherence rate by dividing the 
number of respo nse days of the HB or telephone by
77 days (e.g., 11 weeks) and multiplied by 100. This first 
calculation estimated the te xt m essaging or te lephone 
adherence rate wit h the full intervention period as the 
denominator regardless of pa rticipant dropout. W e con-
sidered a participant a dropout if he completely stopped 
communicating through the HB or telephone before the 
end of the intervention peri od. We used 1 1 ra ther than
12 w eeks in the denominator because  subjec ts rec eived 
their HB units sometime during the first week of study 

enrollment and may  have missed some days du ring this 
first week. The se cond measure was a participant group 
text messagin g or t elephone adherence rate, whi ch we 
calculated as the number of response days with the HB or 
telephone divided by the total number of days the subject 
participated in the study and multiplied by 100. For the 
telephone g roup, we d efined tele phone resp onse as the  
number of days that a tele phone call was made to the 
research staff divided by the total number of days partici-
pating in the program and multiplied by 100.

Exercise Adherence 
We calculated exercise adherence rates in two ways. 

First, we calc ulated a whole group exercise  adherence 
rate by dividing the total numbe r of days that the partici-
pant reported exercising by 77 days (i.e., 11 weeks) and 
multiplying by 100. T his first calculation estimated the 
exercise adherence ra te with the full interventi on period 
as the denominator regardless of participant dropout. We 
used 11 rather than 12 weeks in the denominator because 
subjects received their HB units sometime during the first 
week of study enrollment and may ha ve mis sed some  
days during this first week. We calculated a second meas-
ure, the pa rticipant group exercise adhe rence ra te, by 
dividing the total number of da ys that the  subjec t 
reported exercising by the to tal number of days that the 
subject actually participated  in the study and multiplied 
by 100. This latter calculatio n for both groups yielded a 
higher exercise adherence rate because we excluded days 
following dropout from the denominator.

Patient Satisfaction 
We administered a patient satisfaction survey devel-

oped by the VA Office of Care Coordination to the HB 
group only. We administered this survey through the HB 
and asked participants to rate their satisfa ction on seven 
items regarding the  use of the te chnology, such as  “I 
think th e p roviders have a better un derstanding o f my 
care issues than they would have with a regular telephone 
call.” P articipants rated items  on  a 5-p oint Likert scale 
from 1 (strongly agree) to  5  (stron gly disagree). W e 
summed item scores to obtain  a total score ranging f rom 
7 to 35, with a lower score indicating better satisfaction.

Data Collection Procedures
We abstracte d demographic and hea lth informa tion, 

including age, sex, education, living arrangements, height,
weight, last  three blood pressu re readings, medications, 
medical d iagnoses, and documented geriatric medical 
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conditions, from the Computerized Patient Record System
of the VA hospit al. Data on safety, patient satisfaction, 
text messaging adherence, and exercise  adherence were  
transmitted directly through a landli ne for the HB group 
or recorde d by the  re search a ssociate during ea ch tele -
phone session for the telephone group.

Data Analysis
Statistical analyses  included  descriptive statistics to 

assess demographic a nd medical characteristics, s afety, 
text messa ging or telephone adherence, exercis e adhe r-
ence, and patient satisfaction. W e used t-tests to deter-
mine significant dif ferences be tween the HB  and 
telephone groups (with inpa tients and outpatients com -
bined within ea ch group). W e co nducted all a nalyses 

using SPSS version 14.0 for W indows (SPSS, Inc; Chi -
cago, Illinois).

RESULTS

Characteristics
Table 1  displays demographic and clinical characteris-

tics of the sample. All participants were male. Significant 
differences existed in age between the HB and telephone 
groups (inp atients an d o utpatients combined within 
groups, p < 0.01). Participants in the inpatient HB group 
were the oldest at 78.0 ± 4.7 years old (all values shown as
mean ± standard deviation unless otherwise noted), and 

Table 1.
Demographic and clinical characteristics of sample.

Variable HB Group Telephone Group
Inpatient Outpatient Inpatient Outpatient

No. of Participants 4 16 3 15
Age (yr)*

Mean ± SD 78.0 ± 4.7 69.9 ± 7.9 76.0 ± 7.5 65.0 ± 6.1
Range 74–83 61–89 69–84 60–83

Race/Ethnicity (%)
White 25 56 67 33
Black 25 38 33 40
Asian/Pacific Islanders 0 6 0 0
Hispanic 25 0 0 20
Other 25 0 0 7

Education (%)
<12 years 25 0 33 0
12 years 0 19 0 13
>12 years 75 81 67 87

Living Alone (%) 25 50 33 40
Body Mass Index

Mean ± SD 24.3 ± 5.1 28.6 ± 5.9 24.5 ± 2.8 30.4 ± 4.3
Range 18.4–29.2 22.7–44.1 21.8–27.3 22.9–38.4

Medical Condition (%)
Hypertension 75 75 100 53
Congestive Heart Failure 25 0 0 13
Coronary Artery Disease 0 38 33 20
Cancer 75 31 33 7
Past Stroke 0 6 33 7
Diabetes 25 31 0 33
Chronic Obstructive Pulmonary 

Disease
50 25 0 33

Osteoarthritis 25 44 0 20
Chronic Kidney Disease 25 13 0 7

*p < 0.01 on t-tests between HB and telephone groups (combined inpatients and outpatients).
HB = Health Buddy, SD = standard deviation.
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participants in the outpatie nt tele phone group we re the 
youngest at 65.0 ± 6.1 years old. The majority of partici-
pants had >12 years of education. The percent of partici-
pants living alone ranged from 25 percent in the inpatient 
HB group to 50 percent in the outpatient HB g roup. We 
found the highest body mass index in the outpatient tele-
phone group at 30.4 ± 4.3 percent. Hypertension was the 
most prevalent  medical condition reported by partici-
pants in this sample.

Adherence Rates to Health Buddy Text Messaging or 
Telephone Calls

Table 2  displays HB and tele phone adherence rates. 
Both whole group and participant adhe rence ra tes w ere 
significantly dif ferent between the HB and tel ephone 
groups (inpatients and outpatient combined within group, 
p < 0 .05). Of the whole group adherence rates, the inpa-
tient HB group was th e highest at 7 0.1 percen t (rang e: 
40.3%–98.7%) an d the ou tpatient teleph one group t he 
lowest at 36 .3 percent (range: 2.6%–72.7%). Of the par-
ticipant group adhe rence rate s, the  inpatient HB g roup 
had t he hig hest ad herence rate at 95 .0 p ercent (rang e: 
89.0%–100.0%). The lowest participant group adherence 
rate was found in the outpatient telephone group at 50.2 per-
cent (range: 5.4%–87.5%).

Exercise Adherence Rates
Table 2  displays exercise adherence rates. The whole 

group exercise adherence rate s we re higher for the  HB 
groups than the telephone groups (p = 0.007). The outpa-
tient HB gro up had the highest wh ole group ex ercise 
adherence rat e at 57 .4 percen t, an d th e out patient tele -
phone group had the lowest rate at 32.1 percent. Participant
group exercise adherence rates ranged from 77.1 percent 
in the out patient HB gro up to 81 .4 percen t in the inpa-
tient HB group. The se la tter exercis e adherence rates 
were not significantly different between the HB and tele-
phone groups.

Safety
The overall adve rse event ra te was significantly dif-

ferent between HB and telephone groups (inpatients and 
outpatients combined, p < 0. 05) ( Table 2 ). Th e m ean 
rates of adverse events were 11.9 ± 11.7 percent and 2.1 ±
2.9 p ercent fo r th e i npatient an d o utpatient HB gro ups, 
respectively. The overall a dverse event rates were lower 
overall for th e telephone groups at 0 .5 ± 0.9 percent for 
the inpatient telephone g roup and  0.1  ± 0 .5 percent fo r 

the outpatient telephone group. Participants in the inpa-
tient HB group had higher rates of ea ch adve rse event 
than the othe r three groups. The number of trips, s tum-
bles, an d/or falls an d repo rts o f dizziness were sig nifi-
cantly dif ferent between HB an d telepho ne gro ups 
(inpatients and outpatients combined, p  0.05). The study
physician evaluated all reported adverse events, and none 
of the events resulted in discontinuing participation from 
the study.

Patient Satisfaction
We measured patient sat isfaction to text messaging 

for the HB groups only. Participants in the inpatient HB 
group had a mean satisfaction score at 12 weeks of 9.0 ± 
2.8 on a scale of 7 to 3 5, with  a lower scor e indicating 
greater satisfaction. The outpatient HB group had a mean 
satisfaction score at 12 weeks of 11.6 ± 3.7.

DISCUSSION

The primary aim of this study was to explore the fea-
sibility of conducting a text messagi ng intervention to 
monitor e xercise a dherence. T o do this , we as sessed 
safety, intervention adherence,  exercise  adherence, and 
patient satisfact ion for a text messaging intervent ion 
compared with a similar telephone intervention. Initially, 
we tar geted the deconditione d older veteran i npatient 
population; however, we found that this population had a 
high d ropout rate d ue to multiple comorbi dities. W e 
shifted our focus to the older physically inactive veteran 
outpatient population.

Our data suggest low  overall adverse event rates for 
home exercise in both the HB and telephone intervention 
groups. The overall adverse event rate was higher for the 
inpatient HB group, and these participants reported more 
pain; dizziness; and trips, st umbles, and/or falls than the  
other groups. The reason for the increas ed adverse event 
rate for the inpatient HB group is not known, but it may 
have been related to their rece nt ac ute medical illness
for which they were hospitalized, presence of cardiopul -
monary disease, and/or the actual home exercise program.

Despite the higher a dverse event ra te, the inpatient 
HB group also had the highest intervention adherence rate
(text messaging adherence) at 70.1 percent over 11 weeks 
and 95 .0 percent du ring st udy participation compared 
with the other three groups (outpatient te xt mess aging 
adherence or inpatient and outpatient telephone adherence). 
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The high text messaging adherence rates could have been 
influenced by the desire to quickly recover from the 
recent hospitalization. The outpatient HB group and inpa-
tient telephone group had participant adherence rates of 
68.0 and  63 .9 percent, resp ectively. Both HB and tele -
phone intervention groups had a drop  off in intervention 

adherence ra tes a fter 8 w eeks. A possible explanation, 
and on e th at has b een verified by  ou r clin ical staf f, is 
boredom after 8 w eeks of daily te xt me ssaging or te le-
phone questions and messages. This would indica te that 
if text messaging is use d to monitor exercis e adherence 
for the outpatient veteran, the text messaging intervention 

Table 2.
Adherence and safety percentage rates for HB versus telephone group.

Rate HB Group Telephone Group
Inpatient Outpatient Inpatient Outpatient

No. of Participants 4 16 3 15
HB/Telephone Adherence

Whole Group*†

Mean ± SD 70.1 ± 26.3 64.7 ± 29.7 43.7 ± 25.8 36.3 ± 24.2
Range 40.3–98.7 1.3–98.7 14.3–62.3 2.6–72.7

Participant Group*‡

Mean ± SD 95.0 ± 4.8 68.0 ± 28.2 63.9 ± 30.4 50.2 ± 29.6
Range 89.0–100.0 4.8–93.6 29.0–84.0 5.4–87.5

Exercise Adherence
Whole Group*§

Mean ± SD 56.2 ± 15.6 57.4 ± 24.9 35.1 ± 20.0 32.1 ± 22.7
Range 41.6–72.7 10.4–88.3 13.0–51.9 2.6–74.0

Participant Group¶

Mean ± SD 81.4 ± 14.6 77.1 ± 15.3 78.2 ± 5.8 78.0 ± 13.3
Range 65.8–100.0 51.9–95.5 71.4–81.8 50.0–98.2

Overall Adverse Event***

Mean ± SD 11.9 ± 11.7 2.1 ± 2.9 0.5 ± 0.9 0.1 ± 0.5
Range 0.0–23.4 0.0–8.9 0.0–1.6 0.0–1.8

Chest Tightness/Pressure/Pain
No. of Occurrences (mean ± SD) 1.8 ± 2.4 0.6 ± 1.2 0.3 ± 0.6 0.1 ± 0.3
Range 0–5 0–4 0–1 0–1

Dizziness
No. of Occurrences (mean ± SD) 3.8 ± 3.0 0.4 ± 0.7 0.0 ± 0.0 0.0 ± 0.0
Range 0–7 0–2 0–0 0–0

Trips/Stumble/Falls*

No. of Occurrences (mean ± SD) 1.8 ± 2.9 0.8 ± 1.6 0.0 ± 0.0 0.0 ± 0.0
Range 0–6 0–5 0–0 0–0

*p  0.05 on t-tests between HB and telephone groups (combined inpatients and outpatients).
†Whole Group HB/Telephone Adherence Rate: HB g roup = ( number of  days r esponding by  HB/77 days) × 1 00. Telephone group = (n umber of days c alling 

research office/77 days) × 100.
‡Participant Group HB/Telephone Adherence Rate: HB group = (number of days responding by HB/total nu mber of days in program) × 100. Telephone group = 

(number of days calling research office/total number of days in program) × 100.
§Whole Group Exercise Adherence Rate = (number of days reported exercise/77 days) × 100. Adherence rate calculated over duration of intervention regardless of 

study dropout.
¶Participant Group Exercise Adherence Rate = ( number of days reported exercising/number of days participating in study) × 100. Adherence rate accounting for 
dropout.

**Adverse Event Rate = [(number of chest tightness, pressure, or pain events) + (number of dizziness events) + (number of trips, stumbles, or falls)]/(total number 
of days in study) × 100.

HB = Health Buddy, SD = standard deviation.
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should be  augmented to make it more inter esting for a 
longer period of time . Conversely, the frequency of text 
messaging reminders could be  decreased after the initial 
intense daily reminder period once subjects have acquired
a healthier exercise habit.

Intervention adherence rate s in  ou r st udy rang ed 
from 36.3 percent for the outpatient telephone group over 
11 weeks, to 95.0 percent for the inpatient HB group dur-
ing study participation. Other studies using the HB hav e 
reported v arying a dherence ra tes de pending on  th e 
method used to calculate them, the condition being moni-
tored, and the length of follow-up [25–27]. For example, 
Cherry et al. reported 12-month adherence rates ranging 
from 64 to 83 percent for pa tients with congestive heart 
failure, chronic obs tructive pulmonary disease, diabetes 
mellitus, hypertension, and co ronary artery disease [26]. 
They calculated compliance as  the numbe r of se ssions 
taken by the patient divided by the total number of avail-
able se ssions. Howe ver, the y did not re port how the y 
handled dropouts o r ho w th ey d efined “available ses -
sions.” Bigelow et al. reported a c ompliance rate of over 
80 percent for a group of 68 patien ts with cong estive 
heart failure fol lowed for a mean of 7.4  months [27].  
They c alculated the  complia nce rate only for patie nts 
completing the study [27].

The results indicated that if targeted to the right popu-
lation, the text messaging method can be a n extremely 
efficient mode of monitoring home e xercise. V A 
researchers estimate a total cost of $1,600 per patient per 
year for the HB intervention,  which includes the cost  of 
the equipment [28]. We estimate the cost of monitoring a 
patient by telephone to be $6,500 per year. The HB sy s-
tem has the capacity t o monitor a large number of 
patients simu ltaneously an d automatically identify and 
risk-stratify responses  that re quire di rect clinician inter -
vention. In clinical practice, one practiti oner would be 
able to monitor many patients simultaneously by review-
ing data generated through the HB. In contra st, the tele-
phone intervention requires more manpower to attend to 
each telephone c all and is therefore not as efficient in 
monitoring home exercise.

CONCLUSIONS

The data from this study indicate that i t is feasible to 
monitor home  exe rcise a dherence for older dec ondi-
tioned/physically inac tive ve terans using a  text messag-

ing de vice or telephone. Both  monitoring me thods are  
safe, as  indicated by low adverse event ra tes. However, 
our data sug gest h igher intervention adherence and 
higher e xercise adherence using the te xt mess aging 
device than the tele phone method. Lower adherence and 
adverse event rates in the telephone group than the text 
messaging gro up co uld be influenced by  intervention 
design, e.g., veterans in th e telephone group had to ini -
tiate calls on their own to report exercis e be havior 
whereas veterans in the HB gro up were prompted by the 
system to re port exercis e. W e designed the telephone 
intervention in this way beca use, in practice, daily tele -
phone calls initiated by a clinician to each participant 
would be resource intensive.

Limitations of this study are that we developed the 
HB intervention on a male veteran population; therefore, 
this intervention may not be generalizable to other popu-
lation groups. Direct comparisons be tween the HB and 
telephone groups are not conclusive since we formed the 
two groups based on the participant’s preference and not 
using rand omization. Exercise adherence was b ased on 
participants’ self-reports through the HB or telephone but 
not verified thro ugh an y ob jective methods. W e con -
ducted the study on a small conve nience sample. Finally, 
we did  not collect any qualitative information from the 
participants at the end of the intervention period to ascer-
tain their experiences with the HB.

The source of partici pant recruitment for a text  mes-
saging i ntervention, e.g., inpatient or outpat ient setting, 
deserves careful consideration because of the differential 
dropout and adverse event rates between  inpatients and 
outpatients. There fore, future text me ssaging studies  
should develop criteria to tar get those older adults most 
likely to adhere to the intervention. In  addi tion, adh er-
ence declined after 8 weeks of text messaging, indicating 
the need for the intervention to be modified to improve 
the intervention adherence ra te. Futu re work should 
include qualitative studies to obtain participants’ prefer -
ences on ways to modify text messa ges to ma ke them 
more appealing. In addi tion, the int ervention should be 
tested on larger sa mple size s using a randomize d con -
trolled design.
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