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Effects of an Individualized Exercise Program Plus Behavioral Change Enhancement 

Strategies for Managing Fatigue in Older People Who Are Frail: Protocol for a 

Cluster Randomized Controlled Trial 

 

Abstract: 

Background. Although the evidence suggests that general fatigue is a strong 

indicator of rapid aging, frailty, and disability, general fatigue is undertreated in 

gerontological care. 

Objective. The aim of this study is to investigate whether an individualized 

exercise program with and without behavioral change enhancement (BCE) strategies 

for older people who are frail and have general fatigue will reduce their fatigue and 

symptoms of frailty. 

Design. A 3-arm, single-blind, cluster randomized controlled trial registered 

with ClinicalTrials.gov (NCT03394495) will be conducted. 

Setting. The study will be conducted in a community setting. 

Participants. Two hundred eighty-five community-dwelling older people with 

general fatigue will be recruited from 12 district community health centers. 

Intervention. People from each center will be randomized to one of three 

groups. The combined group will receive a 16-week combined intervention consisting 

of individualized exercise training and the BCE program, plus two booster sessions at 

2 and 6 months after the program. The exercise group will receive exercise training 

and health talks only. The control group will receive health talks only. 



Measurements. Outcome measures will be collected at baseline, at the 

midpoint (week 8) of the program, and then at 1 week, 6 months, and 12 months after 

the end of the program. The primary outcome—level of fatigue—will be measured 

using the Multidimensional Fatigue Inventory. Secondary outcomes will include the 

participants’ frailty status, strength, mobility, exercise self-efficacy, and habitual 

physical activity. 

Limitations. A self-reported level of fatigue will be used. 

Conclusions. The effect of exercise and BCE strategies on general fatigue 

among older people who are frail is not known. This study will be a pioneering 

interventional study on how general fatigue among older people who are frail can be 

managed and how fatigue-related frailty can be prevented or minimized. 

  



Introduction 

Many older people experience general fatigue with no specific known cause. 

This type of fatigue has been reported in 27% to 53% of community-dwelling older 

people worldwide.1 Although different countries use different criteria to define older 

people, in developed countries the age of 70 years2 and over is increasingly being 

used as the criterion, and that is the definition that will be employed in this study. 

General fatigue is partly caused by age-related biophysiological changes, such as 

reduced muscle strength and mass, leading to decreased muscle endurance. This, 

together with a gradual decline in cardiovascular and pulmonary functions, also leads 

to a reduction in the maximal heart volume and to a decrease in the vital capacity and 

expiratory volume of older people. These changes predispose older people to reduce 

their rate of oxygen consumption during activities.3 A decrease in the production of 

energy, or an inability to cope with an increase in the utilization of energy, presents as 

general fatigue in older people when they perform even mild daily activities. This 

phenomenon could be part of the transition to a final common pathway of frailty and 

disability.3 The operational definition used in this study refers to the most severe level 

of fatigue—exhaustion—experienced by older people for at least 3 days, which might 

not be relieved by rest, leading to a decreased capacity to engage in everyday physical 

and mental activities.4  

Empirical evidence shows that general fatigue is prevalent among older people 

and can predict frailty and disability in the long term. Longitudinal studies have 

shown that older people with self-reported general fatigue have more restricted 

activities,5 poorer physical function, slower gait speed, disability,5,6 increased 

utilization of home-help and hospital services,7 and even a higher risk of mortality in 



the long term (ie, 3–5 years).8 For example, a longitudinal study of 420 older women 

who were not frail found that women with exhaustion were three to five times more 

likely to be frail and disabled 7 years later (at which time 80% of them developed 

frailty) when compared with those without exhaustion.9 In fact, exhaustion, together 

with unintentional weight loss, low levels of activity, a slow walking speed, and a 

decreased grip strength are the five phenotypes of frailty. Older people who are frail 

are defined as those who have three or more characteristics of the five phenotypes of 

frailty.10 This physiological state of increased vulnerability to stressors results from a 

decrease and possible dysregulation of reserves in multiple physiological or biological 

systems.9,11–14  

Physical exercise has already been demonstrated to have beneficial effects on 

older people who are frail in terms of improving their fall rates, gait ability, and 

functional and physical performance in balance and strength.15 However, there is little 

in the current literature on how to evaluate the effects of exercise interventions or 

other types of interventions on the general fatigue experienced by older people who 

are frail,16 with the exception of a pilot study exercise on managing general fatigue 

among older people remain unknown. This may also indicate that the management of 

fatigue has yet to receive adequate attention in gerontological care.18  

The deconditioning model19 holds that older people with general fatigue might 

avoid exercise due to the fear that physical overexertion might induce muscle pain or 

weakness. This explains why older people frequently cite fatigue as a cause of their 

nonadherence to or withdrawal from exercise programs.16,20 Their inability to function 

at previous levels may lead to frustration and to low motivation and self-efficacy in 

carrying out their daily activities, thus becoming a major barrier to their engagement 



in regular exercise.21,22 However, avoiding exercise exacerbates fatigue-related 

physiological symptoms (eg, reduced physical endurance, mobility, and cardio-

respiratory functions). These physiological changes that result from deconditioning 

and avoiding physical activity can lead to a self-perpetuating vicious cycle of fatigue.  

Fortunately, the evidence suggests that patients with disease-induced fatigue 

feel less exhausted and more energetic as a result of engaging in regular exercise.19,20 

Recent studies have shown that among people who consistently feel exhausted, those 

who are willing to gradually exceed their perceived energy limits and recondition 

their bodies by participating in exercise programs gradually experience less 

fatigue.19,23,24 Although the causal pathways for different types of fatigue are not the 

same, the self-perpetuating vicious cycle of fatigue explained under the 

deconditioning model is similar among people with different types of fatigue.25 In 

addition, exercise targeting the muscle strength, mobility, 26,27 and cardio-respiratory 

fitness28 of older people can improve functional capacity, and may improve their 

perception and condition of fatigue.29  

However, older people can only obtain all of the benefits of exercise after they 

have engaged in regular exercise at their individual attainable level for at least 3 to 5 

months.30 Oversensitivity to physical responses such as mild muscle tiredness after 

exercise may lead to the avoidance of physical activity; thus, high dropout rates were 

reported among participants with fatigue in the exercise groups.23,24 If the prescribed 

exercise levels are beyond their physical and psychological capabilities, this may also 

lead to exhaustion, causing participants to drop out. To overcome this problem, it is 

suggested that behavioral change enhancement strategies focusing on enhancing 



motivation be given alongside an exercise program for those with experience of 

fatigue.24,31–33  

The health action process approach model divides the process of behavioral 

change into two phases: motivation and volition.34 The motivation phase refers to the 

goal initiation phase. Self-efficacy, outcome expectancies, and increased risk 

awareness are the three attributes that motivate individuals to form an intention or 

goal to change their unhealthy lifestyle for a healthy lifestyle. The volition phase 

refers to the process of implementing intentions into actual behavior through careful 

planning and action execution. The empirical evidence shows that the health action 

process approach model used alongside exercise interventions can promote adherence 

to exercise regimens among those undergoing orthopedic rehabilitation35 and cardiac 

rehabilitation,36,37 and among older patients with sedentary lifestyles.38 The pilot-

controlled trial of a combined behavioral change enhancement (BCE) and exercise 

program conducted by the first author ( JYWL) and her team was the first trial of 

general fatigue in older people.17 Eighty-five older people who are frail and have 

fatigue will be assigned to receive exercise combined with the BCE intervention 

(COMB group), exercise only (EXER group), or usual care (control group). The pilot 

study was not powered to identify significant changes in outcome measurements. 

However, the observed effect size of the change in fatigue levels between the COMB 

group and the other two groups was 0.21, suggesting that the intervention had a mild 

to moderate effect (please refer to the sample size section for details). This pilot study 

showed that the combined exercise training and BCE program has the potential to 

strengthen the participants’ engagement in daily exercises, as reflected by their 

significantly higher self-reported participation in exercise and higher attendance rate 

in all of the training sessions (F2,76 = 5.64; P < .01) when compared with the other 



two groups. Not surprisingly then, a trend of greater improvement in physical 

endurance (such as gait speed, hand grip strength, balance, and mobility) was 

observed in the COMB group than in the other two groups. This article outlines a 

fully powered cluster randomized controlled trial with the aim of investigating the 

effects of an individualized exercise program with and without BCE strategies on 

fatigue, physical endurance, exercise self-efficacy, and habitual physical activity, 

while reducing symptoms of frailty, in community-dwelling older people who are frail 

and have general fatigue. It is hypothesized that participants who receive a combined 

intervention of exercise and the BCE intervention will have significantly better 

outcomes than the other two groups, as their exercise self-efficacy will have improved 

after the BCE program. Thus, they will be more capable of adhering to the exercise 

regimen, leading to positive outcomes. 

Methods 

Study Design 

A single-blind, 3-arm, cluster randomized controlled trial is proposed to 

examine the effect of a 16-week individualized exercise program with or without BCE 

strategies for older people who are frail and have general fatigue, compared to a 

control (health education) program. 

Study Settings 

Eligibility criteria for district community health centers are those that are 

funded by the Hong Kong government and under the supervision of the Social and 

Welfare Department of Hong Kong, and that meet a specific set of standard 

regulations and criteria on environment and practices. The 12 community centers that 



have agreed to take part in this proposed project were recruited through a convenience 

sampling method. They provide similar types of community care and social support 

services for community-dwelling older people and thus were invited to be the 

collaborators in this study.  

Participants 

Community-dwelling older people who are frail and have a nonspecific cause 

of general fatigue will be recruited through participating community centers. Table 1 

shows the eligibility criteria used for detailed sample selection.  

Sample size estimation, recruitment procedures,random allocation, and allocation 

concealment. The changes in the mean fatigue scores were −0.58, −5.16, and −2.66 

for the control, EXER, and COMB groups respectively, from before testing to 

immediately after the intervention in the pilot study. The Cohen d effect sizes for the 

EXER and COMB groups were 0.51 and 0.23, respectively, whereas the overall effect 

size was 0.21. As no similar cluster randomized controlled trial has been reported in 

the literature and the cause of general fatigue is heterogeneous, we assumed that an 



ICC would be low (0.01) within each cluster.39 Based on an effect size of 0.21 in the 

pilot study, and four clusters (community centers) per group with an ICC of 0.01, a 

significance level (α) of.05, and a power (1 − β) of 0.8 for a two-sided test, the sample 

size was calculated to be 76 participants per group. For a long-term follow-up of 12 

months, 285 participants (95 per group) will be recruited after considering an attrition 

rate of 20%. All centers will be assigned a number from 1 to 12. Using a computer-

generated random numbers list, a biostatistician not affiliated with this study will 

randomize the centers into the control, EXER, or COMB group. To avoid selection 

biases, the allocation to the study groups will be concealed from the researchers until 

the recruitment of the sample and the baseline assessment have been completed. 

Sample recruitment plan. We estimate that about 25% to 50%2,6,40 of the 8710 

members (total number of all members) of the 12 centers will be eligible to 

participate. With the high recruitment rate (87.2%) and low overall attrition rate 

(7.1%) in our pilot study, we are confident that a sufficient number of participants can 

be recruited in 15 to 18 months. Should we be unable to recruit a sufficient number of 

participants according to our schedule, we will approach additional centers to take 

part in this study.  



Interventions 

The COMB group will receive a 16-week program with a combination of exercise and 

the BCE program, plus two booster BCE sessions to be held at 2 and 6 months after 

the program (Fig. 1). Another 16-week program with a combination of exercise and 

health talks will be arranged for the EXER group, whereas participants in the control 

group will attend only the health talks with no other intervention. Two added health 

talks will be arranged at 2 and 6 months after the program for the EXER and the 

control groups. To understand the change in the fatigue level as well as in other 

physio-psychosocial parameters of this particular group of older people, a control 

group with no treatment except health talks was employed in this study. In addition, to 

control the group and social interaction effects of the BCE program for the COMB 

group, the number and timing of the health talks for the other two groups will be 

similar to those in the BCE sessions. The number of contact hours will be exactly the 

same between the COMB and the EXER groups, but the contact hours for the control 

group will only involve health talks. All face-to-face sessions will have ≤ 10 

participants to maintain good interactions between the participants and the exercise 

instructor, BCE facilitator, or health talk speakers. BCE Program in the COMB Group 

This program is aimed at motivating the participants to develop the intention to 

actively manage their fatigue; and to encourage them to gradually exceed the 

perceived limits of their energy and to recondition their bodies by participating in 

exercise according to their individual exercise regimens. The BCE program was 

designed based on the health action process approach model. It consists of three 

phases with 6 face-to-face 1-hour sessions plus two booster BCE sessions at 2 and 6 

months. The first three weekly sessions will be arranged during the goal initiation and 

planning phases. The remaining three sessions and two booster sessions will be  



 

offered once per month in weeks 4, 8, and 12 during the program and at 2 and 6 

months after the program during the action execution phase (Tab. 2). 



Exercise intervention in the EXER and COMB groups. 

A weekly 45- to 60-minute center-based exercise program, designed according 

to the American Heart Association’s recommendations on exercise for older people41 

will be arranged from weeks 4 to 16 during the execution phase. This program will 

consist of balance training, such as side-ways walking (15–20 minutes); resistance 

exercises, such as using resistance bands to improve muscle strength in both the upper 

and lower limbs (10–20 minutes); and aerobics training, such as walking (10 

minutes), with 10 minutes of warm-up and cool-down exercises at the beginning and 

at the end. All of the participants will receive circuit training with set exercises, but 

the dosage of different components will be tailor-made for each participant on the 

basis of his or her physical condition. To prescribe an appropriate dosage of exercises, 

a physical therapist will assess each participant’s physical condition in week 4 (ie, the 

first week of the exercise program), and subsequent monthly assessments will be held 

in weeks 8 and 12. The dosage of exercises will gradually increase by increasing the 

number of repetitions, the duration of the exercises, and also by using progressively 

heavier wrist and ankle weights, with perceived exertion maintained at approximately 

12 to 14 on the Borg Rate of Perceived Exertion Scale,26,42 based on the participants’ 

progress. An online video and a pamphlet describing the different types of exercises 

used in this program will be disseminated to all participants to encourage them to 

continually practice their exercises at home for approximately 30 minutes at least 

three times per week. Therefore, in total, participants are expected to undertake a 

minimum of 150 minutes of exercise each week (supervised or home based 

independent practice), based on the recommendation of the American Heart 

Association.40 



To ensure that both instructors deliver the BCE program and exercise training 

according to the protocols, checks will be conducted weekly to monthly during the 

intervention period based on the BCE program/exercise training checklists. The first 

author ( J.Y.W.L.) or a well-trained research assistant will conduct real-time 

observations of the BCE/exercise class and evaluate the class activity against the 

checklists. A fidelity rate of > 90% will be considered an indication that the 

BCE/exercise instructors have delivered the intervention as detailed in the study 

protocols and is consistent with recommendations from the National Institutes of 

Health Behavior Change Consortium.43 

Control Condition 

Participants in the control and EXER groups will attend center-based health 

talks on the management of different health issues with the exception of fatigue. The 

number and timing of the health talks will be similar to those in the BCE sessions in 

the COMB group. A research assistant who will not be involved in other procedures 

of this study will run the health talks. 

Assessment 

Outcome measures will be collected at baseline (T0), midpoint (T1) (week 8) 

of the program, and then at 1 week (T2), 6 months (T3), and 12 months (T4) after the 

program. The data collection will be conducted by a trained research assistant who 

will be masked with regard to the group allocation. The following sociodemographic 

data will be collected: age, sex, marital status, exercise habits, living conditions, level 

of education, and participants’ health-related information, including cognitive status 

and medications. Additionally, their levels of comorbidity will be assessed using the 



Chinese version of the Charlson Comorbidity Index. The score on this index is the 

sum of the comorbidity and age scores, in which scores of 0, 1 or 2, 3 or 4, and > 5 

represent the comorbidity level as none, low, medium, and high, respectively.44 The 

health services utilization of the participants in the past 12 months and during the 

study period, such as the number, duration, and causes of hospital admissions and 

scheduled or nonscheduled clinical visits, will be collected during each measurement 

time point and will be treated as a covariate if needed.  



Table 3 provides details of the measures to be used for this study. The primary 

outcome is the level of fatigue, which will be measured using the Chinese 

Multidimensional Fatigue Inventory,45 which was initially validated among 385 

Chinese patients with cancer. Secondary outcomes include the participants’ frailty 

status, physical strength, mobility, exercise self-efficacy, and habitual physical 

activity. 

Study Procedure  

Potential participants will be referred to the research team by the 12 

community centers. All potential participants will be screened for their eligibility to 



participate in this study. After their written informed consent is obtained, the 

participants will be interviewed to obtain their health and sociodemographic data and 

baseline assessments. After that, people from the 12 community centers will be 

randomized to the control, EXER, or COMB group. The participants from each center 

will be placed in their center’s corresponding group to avoid contamination effects 

across participants. (Fig. 2).  

Data Analysis 

SPSS version 25.0 (IBM SPSS, Chicago, IL, USA) will be used to analyze the 

data. An intention-to-treat analysis will be adopted. Descriptive statistics will be 

generated for the demographic data. Normality assumptions for the variables will be 

checked. The baseline characteristics of the participants in the three groups will be 

compared using analysis of variance for the continuous variables, a chi-square test for 

the categorical variables, and the Kruskal-Wallis test for the ordinal variables. Mixed-

effects modeling will be used to measure changes in the outcome assessments at the 

midpoint (week 8) and at the three postintervention tests (1 week, 6 months, and 12 

months after the intervention) among the three groups, followed by the application of 

a Helmert contrast test (if any results are found to be significant).46 Another mixed-

effects modelling approach will be used to measure the participants’ attendance rate in 

the weekly exercise sessions and their adherence to the home exercise during the 

program and the follow-up period between the EXER and the COMB groups. Any 

pretest outcome scores, demographic information, data on health conditions, 

comorbidity index, health service utilization, dosages of exercise recommended by the 

physical therapist, and participation in other exercise programs during the study 

period, indicating significant differences between groups, will be treated as covariates 



as needed. Multiple imputations will be adopted to manage missing data. A P value of 

< .05 will be considered statistically significant. We hypothesize that exercise self-

efficacy and exercise participation are the two major factors affecting the primary 

outcome (ie, fatigue). A subgroup analysis will be conducted to determine whether 

there are any differences across all measurement time points on the participants’ 

exercise self-efficacy and exercise participation, and how these two factors might 

affect the participants’ fatigue level at different time points. 

Ethics 

Ethics approval for the study has already been obtained from the Human 

Subjects Ethics Review Committee of The Hong Kong Polytechnic University 

(application number: HSEARS20160114001). Written informed consent will be 

obtained from all participants, after they have been given an explanation of the study. 

We will assure the participants that they can withdraw from the study at any time 

without penalties. The principle of protecting research participants in accordance with 

the Helsinki Declaration will be observed. All research personnel involved will work 

closely together to monitor the occurrence of untoward effects on the participants. 

Standard guidelines for managing adverse events will be used. For example, a target 

heart rate will be identified for each participant. Those at the beginner level will be 

advised not to exceed 50% to 60% of their target heart rate, with the figure being 60% 

to 70% for those at the intermediate level. The physical therapist and the first author 

( J.Y.W.L.), who is a registered nurse, will give individual participants advice on an 

ad hoc basis to ensure their safety. This study is funded by the Hong Kong University 

Grants Committee, Research Grants Council, under the 2018 General Research Fund 



(ref. no. 1560717). The funder played no role in the design, conduct, or reporting of 

this protocol. 

Discussion 

Potential Impact and Significance of the Study  

This study protocol describes a pioneering interventional study investigating 

how general fatigue among older people who are frail can be managed. Given that 

fatigue is a common initial sign of frailty and disability,3,9 we hypothesize that 

general fatigue is a factor that can be modified to prevent older people from 

developing frailty or disability. The findings will shed light on how frailty and 

disability can be prevented or alleviated. If general fatigue can be reduced with our 

intervention, some participants may rebound to prefrail or even nonfrail status. This 

will provide scientific evidence that frailty can be reversed through the early 

screening of warning signs (ie, self-reported fatigue) and then by implementing the 

appropriate interventions. 

Older people with frailty or disability will consume a disproportionate share of 

health care and community resources. Although reducing fatigue is an important goal 

in improving the physical endurance of older people, its benefits to older people (and 

society in general) will be further enhanced if fatigue reduction can result in or be 

accompanied by a healthy lifestyle, increased social participation, reduced service 

utilization, and the maintenance or renewed uptake of activities of daily living—in 

short, improved independence. If successful, this combined intervention is likely to 

reduce the financial burden on health and community care for older people who are 

frail. 



Strengths and Weaknesses of the Study 

The strength of our study is that it is a cluster randomized controlled trial with 

sufficient power to determine the efficacy of the combined intervention. All 

participants will be followed up for 1 year to determine the long time effects of this 

intervention. An individualized and client-centered approach is highlighted in the 

design of this combined intervention; for example, the design of the exercise regimen 

will be based on a participant’s own physical condition, and they will be guided to 

establish their goals and action plan to manage fatigue. The uniqueness and potential 

sustainability of the intervention will contribute to the long-term impact of this study. 

If the present program is demonstrated to be effective for enhancing the physical 

fitness of the participants and maintaining it beyond the program period due to the 

enhancement of their self-efficacy, then this intervention will be highly sustainable in 

the community. Two potential weaknesses of the study are a reliance on the 

participants to report their level of fatigue and their adherence to practicing the 

exercises at home. However, fatigue is a subjective feeling and no objective 

measurement is available for measuring of fatigue levels. Expectation bias or response 

bias may occur when participants are aware of the study’s objective and thereby 

attempt to please the researchers. To minimize this bias, an independent assessor who 

is not acquainted with the participants will be responsible for outcome assessments. 

To improve participants’ adherence to the task of completing the exercise diary, a 

research assistant will call the participants during the follow-up period every 2 weeks 

to remind them to accurately record their exercise pattern. In the future, consideration 

may be given to using an accelerometer to measure the amount of time that the 

participants spend daily on activities of moderate to vigorous intensity to indicate 

their adherence to practicing their exercises at home. This data can be correlated with 



the participants’ subjective fatigue levels to see how fatigue affects the daily life of 

the participants. Another potential limitation is that the progress that the participants 

make in their exercises can only be monitored by the physical therapist once per 

month. Although it is unlikely that older people who are frail and have fatigue will 

make quick progress, we cannot exclude the possibility that some participants may 

progress more quickly in a month than others, and require more frequent follow-ups. 

Thus, we also encourage the participants to revise their exercise goal regularly 

according to their own achievements. In addition, we suggest that in future studies 

more frequent reviews and prescriptions of the exercises by physical therapists may 

improve the rate at which participants progress in their exercises. An additional 

weakness of this study is that the participants will be aware of their received 

interventions. By using clusters, participants from each center will be placed in their 

center’s corresponding group, thus avoiding contamination effects across participants. 

Finally, the control group will have fewer contact hours than the COMB and EXER 

groups, as having the same number of contact hours could confound the findings. 

Contribution to Clinical Practice 

This article details a study protocol of a combined intervention that is 

systematic, comprehensive, and tailor-made to address general fatigue in older people 

who are frail. It has the potential to be adopted in community settings, as no 

sophisticated equipment or skills are involved. 
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