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Abstract

There is a pressing need to establish recruitment, retention, and adherence feasibility to inform 

clinical trials that will evaluate how exercise affects the symptoms and disease trajectory in 

Alzheimer's disease (AD). This paper reported the recruitment rate, retention, and adherence from 

a 6-month cycling study in community-dwelling older adults with mild-to-moderate AD using a 

single-group, repeated-measures design. Seven recruitment strategies were tested. Participants 

were prescribed an individualized, 15–45-min moderate intensity cycling 3 times a week for 6 

months. The results showed a 1.87 recruitment rate (No. of participants recruited per month per 

site), 78.6% retention (No. of completers/No. of enrolled participants), and 86.4% adherence 

(number sessions meeting prescription dose/total number of sessions). The findings addressed a 

major gap in aerobic exercise studies in AD. Successful recruitment relies on community 

partnership, whereas strategies for ensuring participant exercise safety collectively improved 

retention and adherence.
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1. Introduction

Alzheimer's disease (AD) is an epidemic that affects 5.4 million Americans currently and 

will inflict 14 million by 2050 if no cure is found.1 The social and financial costs of AD are 

tremendous. The AD triad symptoms of cognitive impairment, functional decline, and 

behavioral and psychological symptoms of dementia (BPSD) result in loss of independence, 

increased risks for institutionalization, hospitalization, and mortality, and poor quality of 

life.2 The cost of AD to the society is extreme which was estimated at $202.6 billion in 

2010.1 Since individuals newly diagnosed with AD have an average 8–10-year life 

expectancy and 70% of them live in the community with family caregivers, 15 million 

family caregivers delivered 17 billion hours of unpaid care valued at $183 billion in 2010.1 

Caregiving predisposes family caregivers to new diseases and exacerbation of pre-existing 

conditions, which cost another $7.9 billion. Since no treatment can yet prevent or slow down 
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AD, there exists a pressing need to develop and test effective new interventions for treating 

AD.

2. Review of the literature

The potential of aerobic exercise for treating AD has become increasingly evident with the 

convergence of findings from 4 areas of research: (1) epidemiological studies link exercise 

to reduced risk for AD in old age3,4; (2) meta-analyses of randomized controlled trials 

(RCTs) indicate that aerobic exercise improves cognition in older adults without dementia5; 

(3) basic science findings suggest that aerobic exercise could improve brain structure and 

function and mitigate AD neuropathology via biologically sound pathways, e.g., promoting 

neuronal function, synaptogenesis, and neurotransmitter function, and reducing β-amyloid 

load in AD-transgenic mice6; and (4) emerging studies in persons with cognitive impairment 

and dementias have reported that aerobic exercise improves cognition, function, and 

BPSD.7–9 Nonetheless, exercise studies in AD are just emerging, have small sample sizes, 

and show conflicting results that are at least partially attributable to issues of recruitment, 

retention, and adherence.10–23

Recruitment of older adults with AD presents many unique challenges because AD causes 

multifaceted impairments in memory, language, awareness, insights, judgment, decision-

making, communications, function, and behavior. Even AD drug RCTs report low 

recruitment rate, defined as the number of participants qualified per site per month, which 

ranged from 0.26 to 1.82.24 Recruitment difficulty might be one of the reasons why few 

exercise studies in AD have used a well-characterized AD sample.25 A meta-analysis 

identified 30 exercise RCTs (mainly nursing home samples) using cognitive impairment as 

the criterion,7 while a later meta-analysis found only 4 RCTs using AD as the criterion.25 Of 

the existent aerobic exercise studies in AD, seven studies used community-dwelling 

samples; however, they rarely reported the recruitment rates and the use and effectiveness of 

recruitment methods.10–23 Poor reporting of recruitment is not a singular character of AD 

exercise studies, but a permeating issue plaguing exercise research in older adults in 

general.26 In addition, some recruitment methods that worked well for older adults without 

AD are not applicable to those with AD. For example, the lack of AD registry within a 

researcher's community and recruitment costs for phone and postcard recruitments have 

diminished their usability in AD.27

Similarly, retention is not always reported in aerobic exercise studies of AD, and varied from 

92% (12-h session over 11 weeks plus phone follow-up to teach caregivers to implement 

aerobic, strength, balance, and flexibility exercise daily)18 and 59% (12-week, caregiver-

delivered, daily aerobics, strength, balance, and flexibility),16–72.7% (24-week supervised 

cycling by an exercise therapist)23 in community-dwelling samples. Similar variability in 

retention was also found in nursing home residents with AD (66.8%–91.5%)15,17,19,20,28 and 

in AD drug RCTs (59%–88%).29 Those data, however, do suggest that retention of older 

adults with AD is as good as that (59%–100%) from exercise studies of older adults without 

AD.26,27,30 One analysis showed that the retention of AD participants was heavily 

influenced by how the studies were designed and conducted, e.g., visit frequency, study 
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length, target AD population, design changes after study initiation, and patient-caregiver 

dyads.24

Currently, study findings on the treatment effect of aerobic exercise on AD symptoms are 

conflicting, which is largely due to the varying doses of aerobic exercise prescribed and 

delivered (adherence).25,31 The differences in prescribed exercise doses are drastic among 

such a limited number of studies in AD: exercise frequency ranged from 1 to 5 times a week, 

session duration from 20 to 40 min, intensity from very low to moderate, and program 

duration from 5 weeks to 4 years. The majority of studies relied on caregivers to deliver 

exercise10–23 with only 4 studies ascertaining the delivered exercise doses in real 

time.10,11,13,23 On top of the wide differences in exercise prescription, adherence further 

varies greatly from 59% to 100% in community-dwelling older adults with AD,16,18,23 

although the adherence is consistent with that in older adults without AD. Older adults 

without AD showed higher adherence in supervised exercise.30,32–34

Therefore, there exists a pressing need to establish the feasibility of recruitment, retention, 

and adherence of aerobic exercise interventions before resource-intensive RCTs can be 

launched to evaluate the effectiveness of aerobic exercise in AD. The purpose of this paper is 

to report the recruitment rate, retention, and adherence from a single-site, pilot feasibility 

study of a 6-month aerobic exercise intervention in community-dwelling older adults with 

mild-to-moderate AD to inform and advance future exercise research in AD.

3. Method

The study used a single-group, repeated-measures design to test a 6-month, standardized, 

and individualized cycling intervention in a well-defined community-dwelling sample of 

older adults with mild-to-moderate AD. Participants received the intervention 3 times a 

week. The study was approved by the university's Institutional Review Board.

3.1. Sample

The inclusion criteria for the study sample included: a) English-speaking; b) community-

dwelling; c) resting heart rate < 100 beats/min; d) Mini-Mental State Examination (MMSE) 

scores between 12 and 24 (indicating mild-to-moderate AD) during screening35; e) Clinical 

Dementia Rating (CDR) scale scores between 1 (mild dementia) and 3 (severe dementia) 

during screening36; f) ≥60 years of age; g) verification of the probable AD diagnosis by 

healthcare providers; and h) medical clearance for participation in cycling by healthcare 

providers. If participants had a cardiac history, medical clearance from the cardiologists was 

also needed. The exclusion criteria were as follows: unstable medical conditions in the past 

6 months (i.e., hip fracture, ongoing and unplanned weight loss, severe shortness of breath, 

deep vein thrombosis, hernia, unhealed sores, joint swelling, and pain or trouble walking); 

new symptoms that had not been examined by a healthcare provider; neurological and 

psychiatric disorders other than AD in the past 5 years; alcohol or chemical dependency in 

the past 5 years; and >5 on the 15-item Geriatric Depression Scale during screening.37

Seven recruitment strategies were used for recruiting participants: 1) Alzheimer's 

Association newsletters; 2) presentation of the study at local events; 3) referral by healthcare 
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providers; 4) study invitation letters to potential participants who were identified through the 

university's medical center; 5) advertisements in newspapers; 6) study flyer postings; and 7) 

a link to the study at the principal investigator's academic website.

3.2. Setting

The exercise intervention was delivered at sites chosen to minimize costs and travel time and 

maximize the possibility that participants would continue to exercise after the study ended. 

Participants received the intervention at either a YMCA gymnasium or an assisted living 

facility in a major Midwestern city, depending on the convenience of the participant. Both 

sites were in close proximity to tertiary hospitals.

3.3. Outcomes

Three outcomes were evaluated after the implementation of recruitment, retention, and 

adherence strategies: recruitment rate, retention, and adherence. The recruitment rate was 

operationalized as the monthly participant accrual rate and calculated as the ratio of the total 

number of subjects qualified divided by the total number of recruitment months. Retention 

was operationalized as the percentage of the number of participants who completed the 6-

month data collection divided by the total number of enrolled participants. Adherence was 

measured in 2 ways: 1) the number and percentage of exercise sessions that a participant 

attended; and 2) the number and percentage of exercise sessions that a participant achieved 

both the prescribed cycling intensity and duration dose divided by the total number of 

attended exercise sessions.

3.4. Study procedure

3.4.1. Staff training—All staff completed a 4-h didactic training and 1-week practice 

training about AD, exercise prescription, delivery, safety monitoring, and data collection 

until they reached 100% agreement with the protocol. The principal investigator trained the 

exercise therapist about exercise delivery until she was compliant with the protocol. The 

principal investigator randomly attended 10% of the exercise sessions and re-trained the staff 

as needed.

3.4.2. 3-Step screening and informed consent

3.4.2.1. Step 1 phone screen: After obtaining verbal consent, undergraduate research 

assistants (RAs) conducted a phone interview with the family caregiver and the potential 

participant (30 min) using a structured interview form to identify the presence of probable 

AD and contraindications to exercise such as recent heart attack or stroke.

3.4.2.2 Step 2 in-person interview: Potential participants who had a diagnosis of AD were 

invited to an in-person interview where the RA and investigator obtained informed consent 

and/or assent from the potential participant (30 min). The RA explained the study in detail 

such as purpose, involvement, data collection, risks, benefits, and voluntary nature, and the 

investigator answered any questions. Afterward, the RA administered a 10-item 

questionnaire to the potential participant about the study. Participants who could correctly 

answer 80% or more were allowed to sign their own consent. Otherwise, participants signed 
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assent and surrogate consents were obtained from spouse, adult child, and sibling in the 

descending order. After obtaining the informed consent/assent, the principal investigator 

interviewed the family caregiver using the CDR36 (30 min) while the RA administered the 

MMSE38 to the potential participant (15 min). Then, the principal investigator proceeded to 

interview the potential participant (30 min) using the CDR while blinded to the MMSE 

score. After the interviews, the principal investigator scored the CDR, reviewed the MMSE 

with the RA, and informed the potential participant and family caregiver if further screening 

was warranted.

3.4.2.3 Step 3 medical verification: A letter that required the verification of AD diagnosis 

and exercise safety was faxed to the healthcare providers of participants whose MMSE 

scores were between 12 and 24 and CDR scores were between 1 and 3. Responses from 

healthcare providers typically took 1–2 weeks. Participants with medical clearance were 

enrolled in the study.

3.4.3. Receiving the individualized aerobic exercise intervention—Since exercise 

safety is the cornerstone for retention and adherence, nine strategies were built into the study 

design to ensure participant safety: (1) After completing baseline data collection, qualified 

participants began the intervention under the supervision of an exercise therapist. The 

exercise therapist supervised 2 participants (if by herself) or 3 participants (if an RA was 

also available). (2) Two methods were used to individualize moderate intensity: a) 65%–75% 

of heart rate (HR) reserve (HRR) which was the difference between the resting HR and the 

peak HR obtained from baseline 6-min walk39 and shuttle walk tests40; and b) a participant's 

subjective rating of 12–14 on the 6-20 Borg Rating of Perceived Exertion (RPE) scale.41 The 

RPE was used for participants whose HRR could not be accurately derived due to cardiac 

arrhythmia or suppressed due to HR-altering drugs such as β-adrenergic blocking agents. 

The proper use of the RPE was continuously reinforced. The equipment used for cycling 

was Pre-cor™ (Woodinville, WA) and LIVESTRONG® R1x recumbent stationary cycles 

(Taiwan). The use of 2 different brands did not affect exercise delivery because cycling was 

individualized based on HRR and RPE. (3) The “talk test,” the ability to speak a sentence 

without losing breath, was used every 5 min to monitor exertion. (4) Blood pressure was 

measured every 10–15 min before, during, and after cycling. (5) Participants were 

transported by RAs for each exercise session using a rented university vehicle which 

provided liability coverage for staff. (6) In each session, participants wore a wireless Polar™ 

F7 HR monitor (Polar Electro Finland Oy, Kempele, Finland) for continuous HR 

monitoring. HR and RPE were documented every 5 min during cycling. (7) Participants did 

10-min warm-up, 15–45-min cycling at moderate intensity, and 10-min cool-down in each 

session. The duration of cycling at moderate intensity was progressively increased by 5 min 

from 15 min to 45 min a session over time (see Table 1). (8) Research staff were trained by 

the principal investigator to understand AD (e.g., causes, symptoms, changes in personality), 

establish good professional relationships (e.g., getting to know and respect your participants 

and family caregivers, being patient and smiling, establishing rapport, and addressing any 

concerns), communicate with older adults with AD (e.g., answering each question patiently 

as if it were a new question, validating achievements and progress), and responding to BPSD 

as unmet needs. (9) Exercise journals were provided to each participant by the exercise 
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therapist to document the exercise dose achieved, the next pick-up date and time, or any 

important communications such as changes in schedule. The phone numbers of all study 

personnel were included in the exercise journals for easy reference.

3.5. Data analysis

Data were first graphed to observe any outliers. Then, data were analyzed using mean, 

median, ranges, and standard deviation (SD) in SPSS 18 for windows separately for all 

participants and then only participants who completed the 6-month data collection.

4. Results

Of the 149 individuals who responded to our recruitments over 15 months, 118 were 

reachable by phone. More than half of the respondents (58.5%) did not have a diagnosis of 

AD. All 49 respondents who had a diagnosis of AD were invited for the in-person interview, 

and 29 met all eligibility criteria for enrollment. One participant withdrew consent before 

any baseline data were collected because of busy life schedule. Thus, 28 participants were 

qualified for enrollment over 15 months, resulting in a recruitment rate of 1.87. Recruitment 

strategies that qualified the most participants included referral by healthcare providers (n = 

10), presentation of the study at local events (n = 7), and the Alzheimer's Association 

newsletters (n = 5; see Fig. 1).

The median age of the study sample was 78.0 years (n = 28). Their median baseline MMSE 

scores were 21.0 while their CDR scores ranged from 1 to 3. About 39% of them were male. 

There were no significant differences between participants who dropped out (n = 6) and 

those who completed the 6-month data collection (n = 22) except for their baseline CDR 

scores. Participants who dropped out had higher CDR scores than those who completed the 

study (see Table 2).

Of the 28 enrolled participants, 21.4% (n = 6) dropped out due to the following reasons: 

relocation (n = 2), study-unrelated fractures (n = 2), study-unrelated transient ischemic 

attack (n = 1), and busy schedule (n = 1). As a result, the retention was 78.6%. Of the 

prescribed 72 total exercise sessions, participants attended a mean 84.7% of sessions (an 

average 61 sessions with a range of 5–72 and SD of 19.67). The average percent of sessions 

that participants achieved the session cycling prescription was 86.4%, ranging from 4% to 

100%. Excluding the one participant who only met the session prescription in 4% of the 72 

attended sessions (age 87 years, baseline MMSE 18, CDR 2, education 14 years), the rest of 

the participants attended 83.3% of the prescribed sessions (60 sessions on average with a 

range 5–72 and SD of 19.9), and achieved the session cycling prescription on 89.4% of the 

attended sessions (range 70%–100%).

Among the 22 participants who completed the 6-month data collection, they attended a 

mean 97.2% of the sessions (70 sessions on average with a range of 55–72 and SD of 5.02). 

They reached the session prescription on 86.4% of the sessions (range 4%–100%). 

Excluding the participant who only met the session prescription in 4% of the 72 sessions, the 

remaining participants (n = 21) attended a mean 97.2% of the 72 sessions (an average 70 

Yu Page 6

Geriatr Nurs. Author manuscript; available in PMC 2017 November 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



sessions with a range of 55–72 and SD of 5.12) and reached the session prescription in 

90.3% of the attended sessions (range 75%–100%).

5. Discussions

The main findings of this single-site, pilot study included a 1.87 recruitment rate, 78.6% 

retention, and 86.4% adherence to a 6-month aerobic exercise intervention in community-

dwelling older adults with mild-to-moderate AD. This study filled an existing gap by 

providing some cost-effective recruitment strategies for future exercise studies in older 

adults, a method for prescribing moderate intensity aerobic exercise to pave the way for 

future effectiveness and dose—response studies, and strategies to ensure exercise 

adherence.26 Of the seven recruitment strategies tested, referral by healthcare professionals, 

presentations at community events, collaboration with the local Alzheimer's Association 

chapter, and study flyer distributions to support groups, adult day centers, and senior 

residences generated the most success. The clear criteria for requiring an existing AD 

diagnosis further improved recruitment because 58.5% of the respondents did not have an 

AD diagnosis and were excluded from screening. On the other hand, newspaper 

advertisements, the most costly recruitment method, did not generate many responses. 

Neither did website recruitment through a study link on the investigator's academic website. 

It remains unknown if a dedicated study website or registration with the Alzheimer's 

Association TrialMatch™ website or www.clinicaltrials.gov will yield different results and 

need to be further tested. It is very important to highlight that the 1.87 recruitment rate is 

better than that reported in AD drug RCTs (0.26–1.82),24 indicating the willingness of older 

adults with AD to participate in exercise studies and the importance of an aggressive and 

well thought-out recruitment plan.

Since the design and conduct of a study affects retention and adherence in AD,24 particular 

attention was given to the design and conduct of this study which resulted in 78.6% retention 

and 86.4% adherence. The 78.6% retention is toward the higher end of the reported retention 

ranges of 59%–92% in AD exercise studies,15–20,23,28 59%–88% in AD drug RCTs,24,29 and 

59%–100% in exercise studies of older adults without AD.26,27,30 This study provided 

important information for sample size determination in future studies. While adverse drug 

events, lost to follow-up, and unsatisfactory therapeutic effects are main reasons for attrition 

in AD drug RCTs,24,29 participants in this study dropped out due to non-study related 

reasons, e.g., relocation, falls and fractures (1 tripped over rug when got up in the middle of 

night to drink and 1 tripped over a curb while moving a box), TIA episode (during time-off 

from our exercise), and busy life schedule. Furthermore, in this study, the 28 participants 

attended 61 of the 72 prescribed sessions (84.7%) and achieved the prescribed cycling dose 

in 86.4% of the attended sessions. Except for one, other participants attended 60 sessions on 

average (83.3%) with 89.4% of those sessions meeting the prescribed doses. Those results 

were even better among the 22 participants who completed the 6-month data collection, 

attending 70 sessions on average (97.2%) and reaching the prescription dose in 90.3% of the 

sessions. Those results demonstrate significant improvements from previous studies which 

had often used low exercise doses and reported 17%–90% adherence.31
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Reasons for retention success in this study are largely due to designing and conducting the 

study based on lessons learned from AD exercise and drug studies. Since adverse drug 

events were repeatedly identified as the main reason for dropout, this study was designed 

with participant safety as the cornerstone. Participant safety was ensured from the beginning 

of enrollment where participants were screened for exercise contraindications and medical 

clearance was obtained from healthcare providers. Participant safety was further ensured 

during the implementation of the study by using 9 strategies: participant supervision/

guidance with a 1:2 or 2:3 (research staff:participant) ratio; individualized prescription of 

moderate intensity using HRR and RPE; talk test during cycling; blood pressure monitoring 

during cycling, providing transportation to participants; HR and RPE monitoring every 5 

min during cycling; warm-up and cool-down activities before and after cycling as well as 

progressive dose increases over time; professional relationships with participants; and use of 

exercise journals as a way to show progress and facilitate communications. Other strategies 

that further contribute to retention and adherence included flexibility in scheduling exercise 

sessions, reimbursement for gym memberships, rapport with families, and communications 

with families regularly via phone and exercise journals.

Findings from this study are limited by its single-group design, intensive staff effort, limiting 

exclusion criteria, and small sample size. While the single-group design was appropriate for 

developing and testing the intervention, quasi-experimental designs with control groups and 

RCTs would have allowed the determination if attrition and adherence rates differed 

between groups, an important consideration for internal validity. Further, this study was 

designed with extensive staff support to ensure it was scientifically rigorous; hence, its 

clinical applicability could be limited. However, many aspects of the study protocol can be 

easily implemented clinically without requiring intensive staff effort, e.g., clear exercise 

prescription, and involving caregivers in exercise delivery. Moreover, the exclusion criteria 

for participants were very limiting. While the exclusion criteria helped to recruit a 

homogenous sample, they reduced the generalizability of the study findings. Certain criteria 

might prevent potential participants who were likely to benefit from participating, such as 

those who had pain and trouble walking in the past 6 months. Last, the sample size for this 

study was small, although small samples are common and appropriate for pilot studies and 

the insights gained are important for advancing AD exercise research.

The findings of this study have several important implications for future research of aerobic 

exercise in AD. First, local resources for recruitment are more effective at a relatively low 

cost. Developing connections with local communities, healthcare providers, support groups, 

and having a presence in community events had been the most successful strategies for 

recruitment in this study. Online recruitment such as a dedicated study website and inclusion 

in the Alzheimer's Association's TrialMatch website or www.clinicaltrials.gov could be 

successful, but not tested in this study. Second, researchers need to be thoughtful and 

consider participant's safety as the foremost concern in the design of future studies. Exercise 

safety will greatly enhance participant's and caregiver's enjoyment of being part of the study 

as it did for this study. Last, future studies should consider the inclusion of the 9 safety 

strategies tested in this study. It is difficult to attribute achieved retention and adherence to 

any one(s) of the strategies used for implementing the study. Overall, findings from this 

study provides important feasibility data for designing future studies that can test the 
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effectiveness and the dose–response relationships of aerobic exercise in AD using 

scientifically rigorous RCTs.

The clinical implications of the study findings include that healthcare providers need to be 

cognizant of the uniqueness of older adults with AD and engage them in aerobic exercise 

with peers and people who understand AD and know how to communicate with older adults 

with AD. Many participants and caregivers commented how they felt special for being part 

of the study. A quick cognitive screening test such as the MMSE might be sufficient to 

determine the cognitive status of participants. Although we used extensive exclusion criteria 

that were very limiting in order to qualify a homogenous sample, older adults who meet 

those exclusion criteria are likely to benefit from exercise because it is more harmful for 

older adults not to exercise.42 Clinicians do not need to implement all of the 9 strategies 

designed for participant safety in an exercise program, although using all 9 strategies will 

likely generate the best experiences for everyone involved. However, individualizing 

exercise dose and dose progression over time as well as monitoring of adverse events during 

and after exercise should be part of any exercise programs and clinical education about 

exercise in AD.

6. Conclusion

This study established important feasibility data for recruiting and engaging older adults 

with mild-to-moderate AD in aerobic exercise. Successful recruitment relies on community 

partnership. Strategies for ensuring participant exercise safety collectively improved 

retention and adherence.
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Fig. 1. 
Responses to recruitment methods.
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Table 1

Cycling-exercise progression.

Week Cycling intensity Duration (min)

% of HR reserve RPE

1 40–55 9–10 10–15

2 40–55 9–10 15–20

3 55–65 10–11 20–25

4 55–65 10–11 25–30

5 60–65 10–11 30–35

6 65–75 12–13 30–35

7 65–75 12–13 35–40

8 65–75 12–13 40–55

9–24 65–75 12–13 45

Note: HR, heart rate; RPE, rating of perceived exertion. Durations do not include warm-up and cool-down periods.
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Table 2

Sample characteristics.

Mean ± SD Median Range 
Interquartile range

All enrolled participants (n = 
28)

Participants who completed 6-
month data collection (n = 22)

Participants who dropped out 
(n = 6)

Age 78.1 ± 8.34 78.1 ± 8.51 78.2 ± 8.6

78.0 78.0 79.0

60–91 60–91 64–89

11 12 14

Education (years) 16.1 ± 2.98 16.0 ± 3.12 16.3 ± 2.66

16.0 16.0 16.0

12–24 12–24 12–20

3.8 3.3 3.5

Baseline MMSE 19.9 ± 4.02 20.3 ± 3.67 18.2 ± 5.11

21.0 21.0 19.0

12–27 12–27 12–23

6 3 10

Baseline CDR 1 1 2

1 1 1.5

1–3 1–2 1–3

0 0 2.0

No. (%) male 11 (39.3%) 8 (36.4%) 3 (50%)

Note: CDR, clinical dementia rating scale; MMSE, mini-mental state examination; SD, standard deviation.
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