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ABSTRACT
Background: Exercise interventions can promote health, but
they can be difficult to implement. Moreover, no consensus
has been reached regarding which exercise modality promotes
the most significant improvement in metabolic health.

Purpose: This feasibility study was conducted to (a) determine
the implementation efficacy of supervised and home-based ex-
ercise interventions by investigating their respective rates of in-
tervention adherence, adherence to targeted intensity, attrition,
and adverse events and (b) explore the preliminary efficacy of
12-week exercise programs among aerobic exercise, aerobic
exercise combined with resistance exercise, and high-intensity
interval training on body composition, anthropometric parame-
ters, and lipid profiles for community-dwelling residents with
physical inactivity.

Methods: This randomized controlled trial was conducted
from April to October 2020. Seventy-two sedentary partici-
pants aged 40–70 years were enrolled and randomized into
one of four groups: 12-week aerobic exercise, aerobic exer-
cise combined with resistance exercise, high-intensity interval
training, and control. The three exercise groups performed at
least moderate-intensity supervised exercise twice a week
and home-based exercise once a week, whereas the control
group maintained their usual daily activities. The target vari-
ables, including body composition, anthropometric parame-
ters, and lipid profiles, were measured before and after the
12-week intervention.

Results: The intervention adherence rates were 74.01%–

87.54% for the supervised exercise group, 64.98%–83.90%
for the home-based exercise group, and 82.65%–92.65% for
the target exercise intensity group. The attrition rate ranged
from 12.50% to 17.65%, and no adverse events were reported
in any of the exercise groups. Preliminary efficacy data show
the reductions in body weight (95% CI [0.01, 1.20], p = .048)
and low-density lipoprotein (95%CI [2.76, 30.32], p = .02) were
greater in the exercise groups than the control group, although
the intergroup differences were not significant.

Conclusions/Implications for Practice: Body weight and low-
density lipoprotein may be efficiently reduced in a 12-week period
using any of the three exercisemodalitieswith at least 82.65%ad-
herence tomoderate-intensity exercise and 70.84% adherence to
exercising 3 times a week.
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Introduction
Exercise promotes metabolic health and helps prevent obesity-
related diseases (Ryan et al., 2020).When individuals engage in
exercise, skeletal muscle proteins can promote lipid and car-
bohydrate metabolism (Ryan et al., 2020). Different exercise
modalities have been shown to induce a negative energy bal-
ance, which reduces fat under the condition that no compensa-
tion in other components of energy intake occurs (Thompson
et al., 2012). Aerobic exercise (AE; Andreato et al., 2019;
Ryan et al., 2020), high-intensity interval training (HIIT;
Andreato et al., 2019), and resistance exercise (RE; Keating
et al., 2017) are the most commonly used exercise modalities
among the general population.

Current guidelines recommend AE as the main training
modality to promote metabolic health (Pescatello, 2014) be-
cause it can be maintained over an extended period to im-
prove fat mobilization and oxidation (Maillard et al., 2018).
During AE, aerobic metabolism activates muscle groups to
extract energy in the form of adenosine triphosphate from
amino acids, carbohydrates, and fatty acids (Patel et al.,
2017). The findings of several meta-analyses indicate that
AE reduces substantially the levels of not only subcutaneous
adipose tissue (Yarizadeh et al., 2021) but also visceral adi-
pose tissue (VAT; Chang et al., 2021; Sabag et al., 2017).
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AE interventions have been shown to reduce waist circum-
ference (WC; Armstrong et al., 2022; S. J. Kim et al., 2020)
and triglyceride (TG) levels (Baetge et al., 2017) and to in-
crease levels of high-density lipoprotein (HDL; S. J. Kim
et al., 2020). HIIT has gained in popularity because it is time
efficient, permits various exercise choices, and effectively pro-
motes high levels of excess postexercise oxygen consumption,
which increases the body's metabolic rate and helps burn ex-
cess calories for hours after exercise (Maillard et al., 2018).
Similar to AE, HIIT helps reduce fat mass, body mass index
(BMI), WC, and waist-to-hip ratio (WHR; Andreato et al.,
2019; Maillard et al., 2018).

RE increases the practitioner's muscular strength and fit-
ness (Yan et al., 2019) but does not significantly reduce fat
mass on its own (Bellicha et al., 2021; Chang et al., 2021).
Therefore, a combination of AE and RE has been explored
as an alternative exercise training strategy (Cronin et al.,
2019; Mann et al., 2014). However, the reported effects of
this combination have been inconsistent (Alberga et al.,
2015; Chang et al., 2021; Yarizadeh et al., 2021). Some stud-
ies have claimed that this combination helps reduce more fat
mass than does AE alone (Yarizadeh et al., 2021), whereas
other studies have reported no superior effects of the combi-
nation to those of AE alone in terms of fat mass reduction
(Alberga et al., 2015; Chang et al., 2021) or BMI orWC im-
provement (Lee et al., 2019).

The common metabolic health outcome variables for
evaluating the effectiveness of exercise include body compo-
sition variables such as VAT (Maillard et al., 2018) and body
fat (Ballin et al., 2020); anthropometric parameters such as
WC and hip circumference (HC; Baetge et al., 2017; Ballin
et al., 2020), WHR (Tsai et al., 2019), body weight (BW;
Bellicha et al., 2021), and BMI (Ryan et al., 2020); and lipid
profiles such as cholesterol, TG, HDL, and low-density lipo-
protein (LDL) levels (H. J. Kim et al., 2020; Ryan et al.,
2020; Tsai et al., 2019). These variables are strongly associ-
ated with metabolic syndrome (McLaughlin et al., 2019),
cardiovascular diseases (Woodward et al., 2020), and all-cause
mortality (I. M. Lee et al., 2012). Metabolic health may be
promoted by performing adequate exercise, with intensity,
duration per session, and frequency as key factors influenc-
ing exercise effectiveness (Chang et al., 2021). Current evi-
dence suggests that performing moderate exercise at least 3
times per week for 12 weeks helps improve health outcomes
(Chang et al., 2021; Luo et al., 2023; Ryan et al., 2020).
However, few studies have comprehensively compared dif-
ferent exercise modalities in terms of effectiveness. Earlier
studies have focused primarily on AE–HIIT comparisons
(Abdelbasset et al., 2020; Ryan et al., 2020), AE alone, and
combinations of AE and RE (Brellenthin et al., 2019; S. Lee
et al., 2019).

Although exercise is known to improve both physical and
mental health, interventions are difficult to implement
(Garner et al., 2018) because of factors including high rates
of attrition (Keating et al., 2017) and low levels of adherence
(Curtis et al., 2020). In terms of intervention type, both supervised
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exercise (Christensen et al., 2019) and home-based exercise
(Power et al., 2022) are effective. Supervised exercise can fa-
cilitate participants' learning efficiency (Ballin et al., 2020),
whereas home-based exercise is more accessible and conve-
nient (Ballin et al., 2020) but carries the risk of low adherence
(Lund et al., 2019). In earlier studies, the rate of adherence to
supervised exercise regimens was found to be 58%–84%
(Hwang et al., 2019; A. S. Lee et al., 2020; Picorelli et al.,
2014), whereas that for home-based exercise was approxi-
mately 50% (Argent et al., 2018). The average attrition rate
has been identified as approximately 20%–30% (Keating et al.,
2017; S. Lee et al., 2019; Reljic et al., 2018).

Feasibility studies are helpful in evaluating the practicality
of implementation and preliminary efficacy before undertak-
ing randomized controlled trials (Vincze et al., 2018), espe-
cially multiarmed trials. Although some studies have explored
the effects of metabolic health to compare different exercise
modalities (Abdelbasset et al., 2020; Zhang et al., 2017), most
of this work has been conducted under controlled laboratory
conditions (Abdelbasset et al., 2020; Ryan et al., 2020), lim-
iting the generalizability of their findings to the general pop-
ulation. Thus, in this study, a feasibility study is conducted to
elucidate the feasibility and preliminary efficacy of different
exercise modalities in the clinical field. The findings may
serve as a reference for the development of future, formal,
randomized controlled trials aimed at identifying the optimal
exercise modality for metabolic health promotion among
community-dwelling residents.

This feasibility study was conducted to (a) determine the
implementation efficacy of supervised and home-based exer-
cise interventions by investigating their respective rates of in-
tervention adherence, adherence to targeted intensity, attri-
tion, and adverse events and (b) explore the preliminary effi-
cacy of 12-week exercise programs amongAE, AE combined
with RE, and HIIT on body composition, anthropometric
parameters, and lipid profiles for community-dwelling resi-
dents with physical inactivity.

Methods

Design
This randomized controlled trial was composed of four 12-week
intervention arms: AE alone, AE combined with RE, HIIT,
and the control (nonintervention) group (ClinicalTrials.gov
identifier: NCT04496388).

Participants
This study included physically inactive (engaged in struc-
tured exercise for < 3 days/week during the past 3 months)
community-dwelling residents aged 40–70 years who were
willing to participate. Otherwise, qualified individuals with
conditions such as stroke, cardiovascular diseases, pulmonary
diseases, disability, and pregnancy that limited their ability to
engage in physical exercise were excluded. Individuals with
contraindications for use of a body composition analyzer

http://ClinicalTrials.gov
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(e.g., wearing a pacemaker, having artificial metal joints or
amputated hands or feet, and being unable to be immobilized
during the measurement) were also excluded.
Procedure and Settings
Data collection and intervention implementation were con-
ducted from April to October 2020. Eligible residents were
recruited during health examinations conducted at a public
health center and through recruitment flyers distributed by
village chiefs. Interested individuals were screened for eligibility
by the first author, who then explained the research purpose
and procedure to eligible individuals and sought their informed
consent to participate. Recruitment took place at a public
health center and a community center in southern Taiwan.

The participants were randomly assigned to one of the
four groups (AE, AE combined with RE, HIIT, and control).
Identification numbers for the participants were selected by
drawing straws, and block randomization (block size = 4)
was performed using the randomly assigned drawing num-
bers. Group allocation was performed based on the random-
ization outcomes. Randomization was conducted by a re-
search assistant who was not involved in this study.

The participants in the exercise groups were asked to at-
tend supervised exercise sessions twice a week in the commu-
nity center and to perform home-based exercises once a week
while watching instructional videos. The participants were
strangers to one another and had no opportunity to interact
with the participants in the other groups. All of the partici-
pants followed the intervention assigned to their group only.
The participants were instructed to maintain their current die-
tary intake, and their anthropometric variables, body composi-
tion, and blood were examined before and after the 12-week
intervention. Although the participants and interveners could
not be blinded, the data analyst (first author) was blinded to
group allocation.
Interventions
The contents of the exercise programs were tailored to the
participants and designed for moderate to vigorous intensity
by twoprofessional physical fitness intervenerswith >15years
of experience each in teaching exercise to community residents.
All three of the exercise interventions included 10 minutes of
warm-up and of cooldown, respectively, before and after the
main exercise session (Berge et al., 2021).

The AE group implemented core muscle training com-
posed of side swings, rocking horses, marches, and jumping
jacks for 30 minutes continuously. The AE combined with
RE group implemented the same 30-minute AE exercise pro-
tocol with an additional 10 minutes of RE using free weights
or a 25-pound Thera-Band to train the major muscle groups
(Su et al., 2022) through leg presses, chest presses, lateral
pull-downs, shoulder presses, arm curls, and triceps extensions
(Luo et al., 2023). Each session included three to five RE exer-
cises. Exercises for each muscle group were performed in
three to five sets of 8–12 repetitions each with a rest interval
of 30 seconds between sets to improve muscular fitness.

The HIIT group repeated four sets of training within a
20-minute period, with each set composed of the following
eight motions: foot fire, high knee, skaters, scissors, jumping
jack, squat jump, front kick, and fast punch. Eachmotionwas
performed for 30 seconds and was followed by a 10-second
rest. An agility ladder, a 25-pound Thera-Band, a 1-kilogram
dumbbell, and a 6-kilogramkettlebellwere used to assist partic-
ipants in training.

To ensure safety and efficacy, the exercises shown in in-
structional videos for home-based exercise were the same
as those shown during supervised exercise. Once each week,
the first author followed up with the participants regarding
their adherence to home-based exercise when they attended
a supervised exercise session. The participants in the control
group were instructed to maintain their daily routines and
activities, and their activities were monitored once every
2 weeks by the first author using the Line app. All measure-
ments were performed in all four groups before and after the
12-week intervention.

Measures

Body composition analyzer
VAT, BW, and body fat were measured using a body composi-
tion analyzer (Accuniq BC300) that uses bioelectrical impedance
analysis to estimate body fat and muscle mass distributions.
Although no prior studies have reported using the Accuniq
BC300 because of its recent launch in 2018, the Accuniq
BC360, an identical machine produced by the same manu-
facturer but with a different weight and appearance, has shown
a high reproducibility of 0.997 and correlation coefficients of
.95 to dual-energy x-ray absorptiometry (Yang et al., 2018).
The exercise group participants fasted for at least 8 hours be-
fore the measurements, which were performed the following
morning. Before these measurements, the participants were
asked to remove their shoes, socks, jewelry, eyeglasses, and
any metal objects. BMI was calculated as weight divided by
height squared (m2).

Anthropometric measurements
WC and HC were measured in the standing position using a
nonelastic tape and recorded to one decimal place by the first
author, who is a well-trained nurse and nurse educator with
> 10 years of experience. WC was measured at the midpoint
between the lower edge of the rib and the upper edge of the
anterior superior iliac spine, whereas HC was measured as
the largest circumference around the buttocks (Ma et al.,
2022; Tsai et al., 2019). The WHR was derived by dividing
WC by HC (Tsai et al., 2019).

Blood samples
Blood samples for lipid profiles, including cholesterol, TG, HDL,
andLDLlevels,were collectedafter anovernight fastof≥8hours.
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After collection, the samples were stored at 2°C–15°C and
then centrifuged for 7 minutes at 3,000 rpm for analyses.

Heart rate monitor watch
A Xiaomi Mi Band 3 was used to monitor exercise intensity
during each session by measuring the participants' heart rate
within 1 minute of completing the exercise. The targeted ex-
ercise intensity for participants in the AE, AE combined with
RE, and HIIT groups was ≥ 40% of the heart rate reserve
(HRR) to ensure moderate to vigorous intensity was reached
(Pescatello, 2014). In this study, the correlation coefficient
between the Xiaomi Mi Band 3 and the 60-second radial
pulse, as checked by the first author, was .80.

Demographic and clinical characteristics of
the participants
Data regarding the demographic and clinical characteristics
of the participantswere collectedusing aquestionnaire developed
by the first author. The collected data included information
Figure 1

Flowchart of Study Participation

Note. AE = aerobic exercise; RE = resistance exercise; HIIT = high-inte
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on gender, age, marital status, educational level, employment sta-
tus, smoking status, alcohol consumption, and chronic diseases.

Ethical Considerations
Ethical approval was obtained from the human research ethics
committee of a university in southern Taiwan (No. 109-035).

Data Analysis
Data were analyzed using SPSS Version 24.0 (IBM Inc., Armonk,
NY, USA). Descriptive statistics such as frequency, percent-
age, mean, and standard deviation were used to analyze the
demographic and clinical characteristics of the participants.
An analysis of variance and a chi-square test were performed
to make between-group comparisons of baseline demographic
and clinical characteristics. The likelihood ratio chi-square
test was used when a data set was too small to meet the re-
quirement that > 80% of cells in the cross table have expected
values of ≥ 5 (Abbas et al., 2022). The within-group differ-
ences were compared using a paired t test. A general linear
nsity interval training; CON = control group.



Table 1
Demographic and Clinical Characteristics of the Participants Allocated Among the Four Study Arms
(N = 72)

Variable AE
(n = 17)

AE + RE
(n = 16)

HIIT
(n = 21)

CON
(n = 18)

x2 p

n % n % n % n %

Gender 2.39 a .495
Male 1 5.9 2 12.5 4 19.0 1 5.6
Female 16 94.1 14 87.5 17 81.0 17 94.4

Age (years; M and SD) 59.59 7.03 58.19 8.16 57.71 8.72 59.06 7.48 0.21 b .889
< 65 11 64.7 11 68.8 16 76.2 13 72.2
≥ 65 6 35.3 5 31.3 5 23.8 5 27.8

Marital status 6.86 a .077
Unmarried 4 23.5 3 18.7 5 23.8 10 55.6
Married 13 76.5 13 81.3 16 76.2 8 44.4

Educational level 1.07 a .983
≤ Junior high school 3 17.7 2 12.5 3 14.3 4 22.2
Senior high school 5 29.4 5 31.3 7 33.3 4 22.2
≥ College 9 52.9 9 56.2 11 52.4 10 55.6

Employment status 11.42 a .076
Unemployment 10 58.8 12 75.0 14 66.6 11 61.1
Part-time 2 11.8 3 18.7 1 4.8 6 33.3
Full-time 5 29.4 1 6.3 6 28.6 1 5.6

Smoking 4.01 a .261
No 17 100.0 16 100.0 19 90.5 17 94.4
Yes 0 0.0 0 0.0 2 9.5 1 5.6

Alcohol consumption 2.36 a .502
No 16 94.1 16 100.0 19 90.5 17 94.4
Yes 1 5.9 0 0.0 2 9.5 1 5.6

Chronic disease
Hypertension 2 11.8 4 25.0 4 19.0 4 22.2 1.11 a .776
Diabetes mellitus 2 11.8 1 6.3 2 9.5 3 16.7 1.01 a .800
Cancer 2 11.8 2 12.5 1 4.8 2 16.0 0.96 a .812
Metabolic syndrome 3 17.6 5 31.3 7 33.3 4 22.2 1.58 a .664

Note. AE = aerobic exercise; RE = resistance exercise; HIIT = high-intensity interval training; CON = control group.
a Likelihood ratio chi-square test. b Analysis of variance test.
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model with Helmert contrasts was used to examine signifi-
cant between-group differences in mean values after control-
ling for baseline values (Chien et al., 2015). Effect sizes were
measured using eta squared (η2), which represents the pro-
portion of variance in the dependent variable explained by
a predictor (J. Wang et al., 2020). η2 values of .01, .06, and
.14 were defined as small, medium, and large effects, respec-
tively (J. Wang et al., 2020).
Results
Of the 74 residents approached, 72were enrolled and random-
ized into the AE (n = 17), AE combined with RE (n = 16), HIIT
(n = 21), and control (n = 18) groups (see Figure 1).Most of the
participants were women (88.9%), retired (65.3%), and mar-
ried (69.4%). The mean age was 58.6 years. No significant
intergroup differences were noted in terms of demographic or
clinical characteristics (Table 1).

The total adherence rates to exercise frequency, including
supervised and home-based exercise, were 70.84%, 86.29%,
and 75.71% in the AE, AE combined with RE, and HIIT
groups, respectively. Rates of adherence to supervised exercise
(74.01%, 87.54%, and 80.44%, respectively; p = .409) and
home-based exercise (64.98%, 83.90%, and 65.50%, respec-
tively; p = .135) did not significantly differ among the groups
(Table 2). In each supervised exercise session, rates of adher-
ence to reaching the targeted level of exercise intensity, as indi-
cated by theHRR,were 92.65%, 90.50%, and 82.65% in the
AE, AE combined with RE, and HIIT groups, respectively
(p = .343; Table 2).

The total attrition rate was 12.5% (n = 9), with no signifi-
cant difference (p = .749) found among the groups (17.65%,
12.50%, 14.29%, and 5.56% in the AE, AE combined with
5



Table 2
Adherence to Supervised Exercise, Home-Based Exercise, and Targeted Exercise Intensity and
Attrition Rate Among the Three Exercise Groups

Variable AE
(n = 14)

AE + RE
(n = 14)

HIIT
(n = 18)

F p

% % %

Adherence to supervised and home-based exercise 70.84 86.29 75.71 1.55 .224

Adherence to supervised exercise 74.01 87.54 80.44 0.91 .409

Adherence to home-based exercise 64.98 83.90 65.50 2.09 .135

Adherence to targeted intensity of exercise 92.65 90.50 82.65 1.09 .343

Attrition rate 17.65 12.50 14.29 0.41 .749

Note. AE = aerobic exercise; RE = resistance exercise; HIIT = high-intensity interval training.
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RE,HIIT, and control groups, respectively; Figure 1 andTable 2).
No adverse events related to the exercise intervention were re-
ported.One participant in theHIIT group sustained a leg fracture
during the studyperiodwhile descending a staircase, but this event
was unrelated to the exercise intervention.

The mean changes in body composition, anthropometric
parameters, and lipid profiles between baseline and posttest
are presented in Table 3. In the HIIT group, BW (−0.56 [1.11],
p = .048), BMI (−0.22 [0.40], p = .03), WC (−2.61 [3.54],
p = .006), cholesterol (−24.67 [38.04], p = .014), and LDL
(−13.61 [25.56], p = .037) all significantly decreased. How-
ever, VAT (8.83 [11.32], p = .004), body fat (1.86 [2.61],
p = .008), and WHR (0.02 [0.03], p = .025) significantly
increased.
Table 3
Changes in Outcomes After 12 Weeks of Each Ex

Variable AE (n = 14) AE + RE (n =

△Change p △Change
Body composition
VAT (cm2) 7.21 (26.03) .319 5.50 (11.26)
Body fat (%) 1.46 (5.23) .314 2.11 (4.31)

Anthropometric parameters
BW (kg) 0.05 (1.12) .870 −0.50 (0.94)
BMI (kg/m2) 0.06 (0.57) .714 −0.19 (0.39)
WC (cm) −2.68 (3.33) .010 −2.18 (5.82)
HC (cm) −1.11 (2.74) .154 0.25 (4.25)
WHR 0.01 (0.05) .296 0.01 (0.03)

Lipid profiles
Cholesterol (mg/dl) −8.50 (32.06) .339 −3.29 (14.77)
TG (mg/dl) 6.71 (25.49) .342 −9.29 (31.68)
HDL (mg/dl) −0.21 (6.09) .897 1.71 (9.60)
LDL (mg/dl) −8.21 (25.66) .252 −10.11 (26.52)

Note.△Change =Mean of Postexercise Training −Mean of Baseline Response
exercise; RE = resistance exercise; HIIT = high-intensity interval training; CON =
mass index; WC = waist circumference; HC = hip circumference; WHR = waist-to
lipoprotein.
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The between-group differences in terms of Helmert con-
trasts are presented in Table 4. The postintervention BW
(p = .048) and LDL levels (p = .02) in all three exercise
groups were significantly lower than those in the control
group, but the efficacy of BWand LDL inHIITwas not supe-
rior to the AE alone or AE combined with RE groups. The η2

values for BWandLDLwere .109 and .097, indicating amod-
erate effect size.

Discussion
In this feasibility study, exercise interventions were imple-
mented in a population of community-dwelling adults at ad-
herence rates of 74.01%–87.54% and 64.98%–83.90% for
ercise Modality

14) HIIT (n = 18) CON (n = 17)

p △Change p △Change p

.091 8.83 (11.32) .004 8.82 (32.06) < .001

.090 1.86 (2.61) .008 2.04 (2.41) .003

.069 −0.56 (1.11) .048 0.33 (0.96) .178

.100 −0.22 (0.40) .030 0.12 (0.37) .186

.185 −2.61 (3.54) .006 −1.50 (8.82) .493

.829 −0.71 (3.35) .384 1.12 (2.77) .116

.060 0.02 (0.03) .025 0.02 (0.03) .002

.420 −24.67 (38.04) .014 −1.65 (37.09) .857

.293 −18.78 (119.15) .513 −24.29 (121.55) .422

.516 −1.00 (11.45) .716 −0.76 (8.52) .716

.177 −13.61 (25.56) .037 6.71 (32.57) .409

. A paired t test was used to compare within-group differences. AE = aerobic
control group; VAT = visceral adipose tissue; BW = body weight; BMI = body
-hip ratio; TG = triglycerides; HDL = high-density lipoprotein; LDL = low-density



Table 4
Between-Group Differences in Change in
Outcomes After 12 Weeks Using the Helmert
Contrast Test

Variable/Group Comparison Helmert Contrasts

Contrast
Estimation

p η2

Body composition
Visceral adipose tissue (cm2) .005

CON vs. HIIT, AE + RE, AE 0.362 .933
HIIT vs. AE + RE, AE 2.223 .621
AE + RE vs. AE −1.189 .833

Body fat (%) .004
CON vs. HIIT, AE + RE, AE 0.007 .994
HIIT vs. AE + RE, AE −0.295 .739
AE + RE vs. AE −0.378 .735

Anthropometric parameters
Body weight (kg) .109

CON vs. HIIT, AE + RE, AE 0.602 .048
HIIT vs. AE + RE, AE −0.298 .345
AE + RE vs. AE −0.544 .169

Body mass index (kg/m2) .111
CON vs. HIIT, AE + RE, AE 0.211 .092
HIIT vs. AE + RE, AE −0.161 .217
AE + RE vs. AE −0.252 .125

Waist circumference (cm) .004
CON vs. HIIT, AE + RE, AE 0.476 .743
HIIT vs. AE + RE, AE 0.111 .943
AE + RE vs. AE 0.714 .710

Hip circumference (cm) .045
CON vs. HIIT, AE + RE, AE 1.097 .243
HIIT vs. AE + RE, AE −0.157 .871
AE + RE vs. AE 1.378 .256

Waist-to-hip ratio .007
CON vs. HIIT, AE + RE, AE 0.002 .803
HIIT vs. AE + RE, AE 0.006 .536
AE + RE vs. AE −0.001 .941

Lipid profiles
Cholesterol (mg/dl) .069

CON vs. HIIT, AE + RE, AE 12.250 .122
HIIT vs. AE + RE, AE −10.336 .226
AE + RE vs. AE 1.567 .880

Triglycerides (mg/dl) .038
CON vs. HIIT, AE + RE, AE −2.910 .859
HIIT vs. AE + RE, AE 21.667 .226
AE + RE vs. AE −18.236 .402

High-density lipoprotein (mg/dl) .023
CON vs. HIIT, AE + RE, AE −0.592 .817
HIIT vs. AE + RE, AE −2.423 .376
AE + RE vs. AE 2.558 .453

Low-density lipoprotein (mg/dl) .097
CON vs. HIIT, AE + RE, AE 16.539 .020
HIIT vs. AE + RE, AE −0.180 .981
AE + RE vs. AE −5.741 .534

Note. CON = control group; HIIT = high-intensity interval training; AE = aerobic
exercise; RE = resistance exercise.
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completing supervised and home-based exercise, respec-
tively, with an 82.65%–92.65% adherence to target exercise
intensity, low attrition rate (12.5%), and no adverse events.
The preliminary findings related to efficacy indicate HIIT re-
duces BW, BMI, WC, cholesterol, and LDL after 12 weeks.
Furthermore, BWand LDL decreased significantly in all three
exercise groups after 12 weeks compared with the control
group, although the intergroup differences were not signifi-
cant among exercise groups.

Evidence reported in the literature indicates that exercis-
ing at least three 3 a week (Chang et al., 2021; Pescatello,
2014) with≥ 80% adherence is necessary to improve health
outcomes (Arem et al., 2016; Lund et al., 2019). However, in
this study, the 12-week exercise intervention showed positive
outcomes in BWand LDL only, indicating that the relatively
low rate of adherence to home-based exercise (64.98%–
83.90%) was insufficient to improve other metabolic health
outcomes (e.g., VAT, body fat, WC, HC, cholesterol, TG, and
HDL). Although the rate of adherence to overall exercise fre-
quency in this study was higher than that reported in prior
studies (58%–84% for supervised exercise and 50% for
home-based exercise; Argent et al., 2018; Hwang et al.,
2019; A. S. Lee et al., 2020; Picorelli et al., 2014), room for im-
provement remains. The strong support given to this 12-week
intervention by related stakeholders (e.g., village and neighbor-
hood chiefs) and the high ratio of retirees (65.3%) in the study
samplemay significantly explain the high adherence rate in this
study. Before the intervention, village chiefs encouraged resi-
dents to participate and answered their potential concerns, im-
proving the exercise adherence rate. We recommend that fu-
ture studies cooperate with stakeholders in communities and
include at least three supervised exercise sessions per week in
addition to one home-based exercise session.

The satisfactory adherence to target exercise intensity and
the lack of adverse events related to exercise achieved in this
study indicate these interventions as suitable for application
with the study population. Although no significant differ-
ences were noted after age-based stratification (< 65 years
and ≥ 65 years) in terms of adherence to target exercise in-
tensity (t = 0.31, p = .758) or changes in body composition,
anthropometric parameters, or lipid profiles in this study,
we noted that, in the beginning, the interveners found design-
ing the exercise intervention challenging in terms of intensity
because of the significant heterogeneity in participant ages
(40–70 years). Given that the basal metabolic rate declines at
1%–2% per decade (Roberts & Rosenberg, 2006), age distri-
bution should be expected to influence the effect of exercise
on study outcomes. In the future, studies should design exercise
interventions separately for adults younger and older than
65 years that take into consideration their physiological capa-
bilities (Pescatello, 2014). Moreover, in addition to measuring
exercise intensity objectively usingHRR, subjective physical ex-
ertion may also be considered to facilitate the further tailoring
of exercise intensity to personal physical fitness level.

The findings of this study were inconsistent with a previ-
ous study that found HIIT to lead to a higher reduction in
7
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LDL levels than AE (Vella et al., 2017). Reductions in LDL
levels are strongly affected by the level of decrease in BW
(Brown et al., 2016; Siri-Tarino et al., 2009). Brown et al. re-
ported that participants with obesity who lost > 10%of their
BWexhibited higher reductions in LDL than their peers who
lost 5%–10% and < 5% of their BW. In this study, although
the HIIT group exhibited higher reductions in BW and BMI
than either the AE alone or AE combined with RE groups,
the differences were not significant. No participants in the
HIIT group lost > 10%of their BW. The relatively low reduc-
tions in BWreported in this study may explain the nonsignif-
icant differences between the HIITand other groups in terms
of changes in lipid profiles (Y.Wang&Xu, 2017). The factors
that influence lipid profiles may more significantly impact the
relationship between dose–response and energy expenditure
than exercise modality (Mann et al., 2014). These results
should be further explored and confirmed in future studies
using larger sample sizes.

This study found that VAT and body fat, where excessive
energy is preferentially stored and directly influenced by the
hepatic and intestinal metabolism (Chang et al., 2021), in-
creased after 12 weeks in all three exercise groups, implying
that the qualitative aspects of diet and dietary patterns dur-
ing the intervention period may greatly influence the results.
Although the participantswere not asked to record their diet,
we found they tended to eat more dessert-type foods after ex-
ercise sessions because they felt hungry or required compen-
sation for their energy consumption. Some participants
claimed that the COVID-19 outbreak had led them to spend
more time at home rather than on outdoor physical activi-
ties. They also claimed that their dietary intake was higher
than usual. This phenomenon was observed in all three exer-
cise groups, which may explain why both their VAT and
body fat increased after exercise (H. J. Kim et al., 2020).
Thus, we strongly suggest that participants be provided nu-
tritional education before and after each exercise session. In
particular, HIIT leads to increases in the postexercise meta-
bolic rate and associated fat expenditure during the recovery
period (Zhang et al., 2017). Consuming appropriate nutri-
tional supplements rather than increasing caloric intake after
exercise sessions may further improve the efficacy of the
HIIT intervention.

Except for the warm-up and cool-down, the durations of
each AE (30 minutes) and HIIT (20 minutes) session were
consistent with most studies (Chang et al., 2021; Chin et al.,
2020; Ryan et al., 2020). In the AE combined with RE group,
the duration of the additional RE varied between previous
studies (Bellicha et al., 2021; Chang et al., 2021). Studies have
compared AE alone and AE combined with RE under two
prescription designs: same AE protocol with additional RE
or a shorter AE protocol with a longer duration of additional
RE (Chang et al., 2021; Cuff et al., 2003). Both approaches
are feasible when energy consumption is sufficient (Chang
et al., 2021). We used the same AE protocol with additional
RE intervention design becausewe intended to explorewhether
additional RE combinedwith AEwasmore effective thanAE
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alone. However, using precise physiological equipment to
ensure similar energy consumption and explore the meta-
bolic health effects between exercise modalities in the com-
munity residents was difficult. Instead, for practical purposes,
we attempted to ensure that the three exercise groups had similar
adherence rates in terms of reaching at least moderate-intensity
exercise per session. The results revealed that these interven-
tions efficiently reduced BW and LDL in all of the exercise
groups, indicating the feasibility of the proposed exercise
intervention programs.

Implications
The findings of this study have implications for nursing practice as
well as future research. Regarding the implications for nursing
practice, the successful implementation of this study illustrates
the feasibility of applying multiple arms with different exercise
modalities on groups of community-dwelling residents. We
observed that a 12-week exercise intervention is sufficient
to efficiently reduce BWand LDL regardless of type of exer-
cise. Thus, nurses may encourage community residents to per-
form at least moderate exercise 3 times a week for 12 weeks.

In terms of implications for future research, several refine-
ments of this study are proposed to overcome its limitations.
First, dietary education should be provided before and after
each exercise session to prevent/reduce participants' postsession
consumption of compensatory high-calorie foods that may
reduce or cancel the positive effects of exercise. Second, the
exercise effects may be stratified by age group (e.g., younger
and older than 65 years), and the supervised sessions may be
implemented 3 times per week in addition to one home-based
session. A more homogenous age group can facilitate the de-
sign of courses better suited to the participants' physiological
capabilities. For participants without significant improve-
ments in metabolic health outcomes at the current dosage,
multiple adaptive exercise interventions may be attempted
in the future.

Limitations
This study was affected by several limitations. First, as this
was designed as a feasibility study, we did not include BMI
or body fat percentage limitations in the inclusion criteria.
Further studies may restrict the inclusion criteria to individ-
uals at a high risk of cardiovascular diseases (e.g., being over-
weight or obese) to explore their postexercise health outcomes.
Second, the preliminary efficacy results of this study should
be interpreted/generalized with caution because of the small
sample sizes in each arm. However, the η2 indicates moder-
ate effects on BW and LDL. Furthermore, the high percent-
age of female participants in this study may influence the
findings (Dalah et al., 2021). The voluntary nature of partic-
ipation indicates women may be more eager to participate in
community activities than men in Taiwan. Future studies
should explore strategies for improving the rate of male par-
ticipation in community activities. Third, both supervised
and home-based exercise regimens were included in our
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study; future studies may focus on comparing between the
regimens to identify the optimal strategy. Finally, the lack
of precise physiological monitoring equipment to measure
maximum oxygen consumption (VO2max) made it difficult
to precisely compare energy consumption among the three
exercise groups. However, no significant difference among
these groups was found usingHRR tomonitor whether par-
ticipants reached the target exercise intensity.

Conclusions
The results of this study support the feasibility and efficacy of im-
plementing well-designed exercise interventions on community-
dwelling residents in southern Taiwan. The participants
exhibited acceptable-to-good adherence to supervised exercise
and home-based exercise programs, satisfactory adherence to
the targeted level of exercise intensity, low rates of attrition, and
no adverse events. HIIT was found to significantly reduce BW,
BMI, WC, cholesterol, and LDL after 12 weeks. A 12-week,
thrice-weekly intervention of any of the three exercise modalities
can efficiently decrease BW and LDL in community-dwelling
residents as long as ≥ 82.65% rate of adherence to the
moderate-intensity exercise and > 70.84% rate of adherence
to supervised and home-based exercise are maintained.
Acknowledgments
The authors thank the village chiefs and public health centers
for their assistance in participant recruitment. This studywas
supported by grants from the National Tainan Junior Col-
lege of Nursing (10809002) and National Cheng Kung Uni-
versity Hospital (NCKUH-10909022).

Author Contributions

Study conception and design: YHC, YFC, SCS
Data collection: YHC, MHC, YFC
Data analysis and interpretation: YHC, SCS, MHC
Drafting of the article: YHC, YFC, SCS
Critical revision of the article: YHC, YFC
Received: September 2, 2022; Accepted: April 14, 2023
*Address correspondence to: Yin-Fan CHANG,MD, Department of Family
Medicine, National Cheng Kung University Hospital, College of Medicine,
National Cheng Kung University, No. 138, Sheng Li Road, Tainan 704,
Taiwan; E-mail: yinfan@mail.ncku.edu.tw
The authors declare no conflicts of interest.

Cite this article as:
Chang, Y.-H., Shun, S.-C., Chen, M.-H., & Chang, Y.-F. (2023).
Feasibility of different exercise modalities for community-dwelling
residents with physical inactivity: A randomized controlled trial. The
Journal of Nursing Research, 31(6), Article e301. https://doi.org/10.
1097/jnr.0000000000000578
References
Abbas, Y., Martinetti, A., Frunt, L., Klinkers, J., Rajabalinejad, M., & van

Dongen, L. A. M. (2022). Investigating interdependencies between
key featuresof lessons learned:An integral approach for knowledge

sharing. Journal of Information & Knowledge Management, 21(2),

Article 2250019. https://doi.org/10.1142/S0219649222500198

Abdelbasset, W. K., Tantawy, S. A., Kamel, D. M., Alqahtani, B. A.,

Elnegamy, T. E., Soliman, G. S., & Ibrahim, A. A. (2020). Effects

of high-intensity interval and moderate-intensity continuous

aerobic exercise on diabetic obese patients with nonalcoholic

fatty liver disease: A comparative randomized controlled trial.

Medicine (Baltimore), 99(10), Article e19471. https://doi.org/10.

1097/md.0000000000019471

Alberga, A. S., Prud'homme, D., Kenny, G. P., Goldfield, G. S.,

Hadjiyannakis, S., Gougeon, R., Phillips, P., Malcolm, J.,Wells,

G., Doucette, S., Ma, J., & Sigal, R. J. (2015). Effects of aerobic

and resistance training on abdominal fat, apolipoproteins and

high-sensitivity C-reactive protein in adolescents with obesity:

The HEARTY randomized clinical trial. International Journal of

Obesity, 39(10), 1494–1500. https://doi.org/10.1038/ijo.2015.133

Andreato, L. V., Esteves, J. V., Coimbra, D. R., Moraes, A. J. P., &

de Carvalho, T. (2019). The influence of high-intensity interval

training on anthropometric variables of adults with overweight

or obesity: A systematic review and networkmeta-analysis.Obe-

sity Reviews, 20(1), 142–155. https://doi.org/10.1111/obr.12766

Arem, H., Sorkin, M., Cartmel, B., Fiellin, M., Capozza, S., Harrigan,

M., Ercolano, E., Zhou, Y., Sanft, T., Gross, C., Schmitz, K., Neogi,

T., Hershman, D., Ligibel, J., & Irwin,M. L. (2016). Exercise adher-

ence in a randomized trial of exercise on aromatase inhibitor ar-

thralgias in breast cancer survivors: The Hormones and Physical

Exercise (HOPE) study. Journal of Cancer Survivorship, 10(4),

654–662. https://doi.org/10.1007/s11764-015-0511-6

Argent, R., Daly, A., & Caulfield, B. (2018). Patient involvementwith

home-based exercise programs: Can connected health interven-

tions influence adherence? JMIR mHealth and uHealth, 6(3),

Article e47. https://doi.org/10.2196/mhealth.8518

Armstrong, A., Jungbluth Rodriguez, K., Sabag, A., Mavros, Y.,

Parker, H. M., Keating, S. E., & Johnson, N. A. (2022). Effect of

aerobic exercise onwaist circumference in adultswith overweight

or obesity: A systematic review and meta-analysis. Obesity Re-

views, 23(8), Article e13446. https://doi.org/10.1111/obr.13446

Baetge, C., Earnest, C. P., Lockard, B., Coletta, A. M., Galvan, E.,

Rasmussen,C., Levers, K., Simbo,S.Y., Jung,Y. P., Koozehchian,

M., Oliver, J., Dalton, R., Sanchez, B., Byrd, M. J., Khanna, D.,

Jagim, A., Kresta, J., Greenwood,M., & Kreider, R. B. (2017). Effi-

cacy of a randomized trial examining commercial weight loss

programs and exercise on metabolic syndrome in overweight

and obese women. Applied Physiology, Nutrition, and Metabo-

lism, 42(2), 216–227. https://doi.org/10.1139/apnm-2016-0456

Ballin, M., Hult, A., Björk, S., Lundberg, E., Nordström, P., &

Nordström, A. (2020). Web-based exercise versus supervised

exercise for decreasing visceral adipose tissue in older adults

with central obesity: A randomized controlled trial. BMCGe-

riatrics, 20(1), Article No. 173. https://doi.org/10.1186/s12877-

020-01577-w

Bellicha, A., vanBaak,M. A., Battista, F., Beaulieu, K., Blundell, J. E.,

Busetto, L., Carraça, E. V., Dicker, D., Encantado, J., Ermolao, A.,

Farpour-Lambert, N., Pramono, A., Woodward, E., & Oppert,

J.-M. (2021). Effect of exercise training on weight loss, body

composition changes, and weight maintenance in adults with

overweight or obesity: An overview of 12 systematic reviews

and 149 studies. Obesity Reviews, 22(S4), Article e13256.

https://doi.org/10.1111/obr.13256

Berge, J., Hjelmesaeth, J., Hertel, J. K., Gjevestad, E., Småstuen,

M. C., Johnson, L. K., Martins, C., Andersen, E., Helgerud, J.,
9

mailto:yinfan@mail.ncku.edu.tw
https://doi.org/10.1097/jnr.0000000000000578
https://doi.org/10.1097/jnr.0000000000000578
https://doi.org/10.1142/S0219649222500198
https://doi.org/10.1097/md.0000000000019471
https://doi.org/10.1097/md.0000000000019471


The Journal of Nursing Research Yu-Hsuan CHANG et al.
& Støren, Ø. (2021). Effect of aerobic exercise intensity on en-

ergy expenditure and weight loss in severe obesity—A ran-

domized controlled trial. Obesity, 29(2), 359–369. https://doi.

org/10.1002/oby.23078

Brellenthin, A. G., Lanningham-Foster, L. M., Kohut, M. L., Li, Y.,

Church, T. S., Blair, S. N., & Lee, D. C. (2019). Comparison of

the cardiovascular benefits of resistance, aerobic, and combinedex-

ercise (CardioRACE): Rationale, design, and methods. American

Heart Journal, 217, 101–111. https://doi.org/10.1016/j.ahj.2019.08.008

Brown, J. D., Buscemi, J., Milsom, V., Malcolm, R., & O'Neil, P. M.

(2016). Effects on cardiovascular risk factors of weight losses

limited to 5–10. Translational Behavioral Medicine, 6(3), 339–346.

https://doi.org/10.1007/s13142-015-0353-9

Chang, Y.-H., Yang, H.-Y., & Shun, S.-C. (2021). Effect of exercise

intervention dosage on reducing visceral adipose tissue: A sys-

tematic review and network meta-analysis of randomized con-

trolled trials. International Journal of Obesity, 45(5), 982–997.

https://doi.org/10.1038/s41366-021-00767-9

Chien, W. T., Mui, J. H., Cheung, E. F., & Gray, R. (2015). Effects of

motivational interviewing-based adherence therapy for schizo-

phrenia spectrumdisorders: A randomized controlled trial.Trials,

16, Article No. 270. https://doi.org/10.1186/s13063-015-0785-z

Chin, E. C., Yu, A. P., Lai, C.W., Fong, D. Y., Chan, D. K., Wong, S. H.,

Sun, F., Ngai, H. H., Yung, P. S. H., & Siu, P. M. (2020). Low-

frequency HIIT improves body composition and aerobic capacity

inoverweightmen.MedicineandScience inSports andExercise,

52(1), 56–66. https://doi.org/10.1249/mss.0000000000002097

Christensen, R. H.,Wedell-Neergaard, A. S., Lehrskov, L. L., Legaard,

G. E., Dorph, E., Larsen,M. K., Launbo, N., Fagerlind, S. R., Seide,

S. K., Nymand, S., Ball, M., Vinum, N. B., Dahl, C. N., Henneberg,

M., Ried-Larsen, M., Boesen, M. P., Christensen, R., Karstoft, K.,

Krogh-Madsen, R., … Ellingsgaard, H. (2019). Effect of aerobic

and resistance exercise on cardiac adipose tissues: Secondary

analyses from a randomized clinical trial. JAMA Cardiology,

4(8), 778–787. https://doi.org/10.1001/jamacardio.2019.2074

Cronin, O., Barton, W., Moran, C., Sheehan, D., Whiston, R.,

Nugent, H., McCarthy, Y., Molloy, C. B., O'Sullivan, O., Cotter,

P. D., Molloy,M. G., & Shanahan, F. (2019). Moderate-intensity

aerobic and resistance exercise is safe and favorably influ-

ences body composition in patients with quiescent inflamma-

tory bowel disease: A randomized controlled cross-over trial.

BMC Gastroenterolgy, 19(1), Article No. 29. https://doi.org/10.

1186/s12876-019-0952-x

Cuff, D. J.,Meneilly,G.S.,Martin, A., Ignaszewski, A., Tildesley,H.D.,

& Frohlich, J. J. (2003). Effective exercisemodality to reduce in-

sulin resistance in women with type 2 diabetes. Diabetes Care,

26(11), 2977–2982. https://doi.org/10.2337/diacare.26.11.2977

Curtis, R. G., Ryan, J. C., Edney, S. M., & Maher, C. A. (2020). Can

Instagram be used to deliver an evidence-based exercise pro-

gram for young women? A process evaluation. BMC Public

Health, 20(1), Article No. 1506. https://doi.org/10.1186/s12889-

020-09563-y

Dalah, E., Hasan, H., Madkour, M., Obaideen, A., & Faris, M. A.

(2021). Assessing visceral and subcutaneous adiposity using

segmented T2-MRI and multi-frequency segmental bioelectrical

impedance: A sex-based comparative study. Acta Bio-Medica,

92(3), Article e2021078. https://doi.org/10.23750/abm.v92i3.10060

Garner, S., Fenton, T., Martin, L., Creaser, C., Johns, C., & Barnabe,

C. (2018). Personalized diet and exercise recommendations in

early rheumatoid arthritis: A feasibility trial. Musculoskeletal

Care, 16(1), 167–172. https://doi.org/10.1002/msc.1214
10
Hwang, C. L., Lim, J., Yoo, J. K., Kim, H. K., Hwang, M. H.,

Handberg, E. M., Petersen, J. W., Holmer, B. J., Leey Casella,

J. A., Cusi, K., & Christou, D. D. (2019). Effect of all-extremity

high-intensity interval training vs. moderate-intensity continu-

ous training on aerobic fitness inmiddle-aged andolder adults

with type 2 diabetes: A randomized controlled trial. Experi-

mental Gerontology, 116, 46–53. https://doi.org/10.1016/j.

exger.2018.12.013

Keating, S. E., Hackett, D. A., Parker, H. M., Way, K. L., O'Connor,

H. T., Sainsbury, A., Baker, M. K., Chuter, V. H., Caterson, I. D.,

George, J., & Johnson, N. A. (2017). Effect of resistance train-

ing on liver fat and visceral adiposity in adults with obesity:

A randomized controlled trial. Hepatology Research, 47(7),

622–631. https://doi.org/10.1111/hepr.12781

Kim, H. J., Kim, H. S., Kim, H. R., Yoo, Y. S., & Song, B. J. (2020).

Characterization of metabolic syndrome risk factors and

health-related behaviors in Korean patients with breast cancer

by abdominal obesity status. The Journal of Nursing Research,

28(2), Article e74. https://doi.org/10.1097/jnr.0000000000000345

Kim, S. J., Yoon, E. S., Jung, S. Y., &Kim,D. Y. (2020). Effect of up-

hill walking on browning factor and high molecular weight-

adiponectin inpostmenopausalwomen.Journalof ExerciseReha-

bilitation, 16(3), 265–271. https://doi.org/10.12965/jer.2040334.167

Lee, A. S., Johnson, N. A., McGill, M. J., Overland, J., Luo, C., Baker,

C. J.,Martinez-Huenchullan, S.,Wong, J., Flack, J. R., & Twigg,

S. M. (2020). Effect of high-intensity interval training on glycemic

control in adults with type 1 diabetes and overweight or obesity:

A randomizedcontrolled trialwithpartial crossover.DiabetesCare,

43(9), 2281–2288. https://doi.org/10.2337/dc20-0342

Lee, I.M., Shiroma, E. J., Lobelo, F., Puska, P., Blair, S. N., Katzmarzyk,

P. T., & Lancet Physical Activity SeriesWorking Group. (2012).

Effect of physical inactivity on major non-communicable dis-

easesworldwide: An analysis of burden of disease and life ex-

pectancy. The Lancet, 380(9838), 219–229. https://doi.org/10.

1016/s0140-6736(12)61031-9

Lee, S., Libman, I., Hughan, K., Kuk, J. L., Jeong, J. H., Zhang, D.,

& Arslanian, S. (2019). Effects of exercise modality on insulin

resistance and ectopic fat in adolescents with overweight

and obesity: A randomized clinical trial. The Journal of Pediat-

rics, 206, 91–98.e1. https://doi.org/10.1016/j.jpeds.2018.10.059

Lund, L. W., Ammitzbøll, G., Hansen, D. G., Andersen, E. A. W., &

Dalton, S. O. (2019). Adherence to a long-term progressive re-

sistance training program, combining supervised and home-based

exercise for breast cancer patients during adjuvant treatment.

ActaOncologica, 58(5), 650–657. https://doi.org/10.1080/0284186x.

2018.1560497

Luo, X., Wang, Z., Li, B., Zhang, X., & Li, X. (2023). Effect of resis-

tance vs. aerobic exercise in pre-diabetes: An RCT. Trials, 24(1),

Article No. 110. https://doi.org/10.1186/s13063-023-07116-3

Ma, Y., Cheng,H. Y., Sit, J.W.H., &Chien,W. T. (2022). The effects

of a smartphone-enhanced nurse-facilitated self-care interven-

tion for Chinese hypertensive patients: A randomised controlled

trial. International Journal of Nursing Studies, 134, Article

104313. https://doi.org/10.1016/j.ijnurstu.2022.104313

Maillard, F., Pereira, B., & Boisseau, N. (2018). Effect of high-intensity

interval training on total, abdominal and visceral fat mass: A

meta-analysis. Sports Medicine, 48(2), 269–288. https://doi.

org/10.1007/s40279-017-0807-y

Mann, S., Beedie, C., & Jimenez, A. (2014). Differential effects of

aerobic exercise, resistance training and combined exercise

modalities on cholesterol and the lipid profile: Review,

https://doi.org/10.1002/oby.23078
https://doi.org/10.1002/oby.23078
https://doi.org/10.1016/j.ahj.2019.08.008
https://doi.org/10.1186/s12876-019-0952-x
https://doi.org/10.1186/s12876-019-0952-x
https://doi.org/10.1016/j.exger.2018.12.013
https://doi.org/10.1016/j.exger.2018.12.013
https://doi.org/10.1016/s0140-6736(12)61031-9
https://doi.org/10.1016/s0140-6736(12)61031-9
https://doi.org/10.1080/0284186x.2018.1560497
https://doi.org/10.1080/0284186x.2018.1560497
https://doi.org/10.1007/s40279-017-0807-y
https://doi.org/10.1007/s40279-017-0807-y


Feasibility of Different Exercise Modalities VOL. 31, NO. 6, December 2023
synthesis and recommendations. Sports Medicine, 44(2), 211–221.

https://doi.org/10.1007/s40279-013-0110-5

McLaughlin, T., Abbasi, F., Lamendola, C., Yee, G., Carter, S., &

Cushman, S. W. (2019). Dietary weight loss in insulin-resistant

non-obese humans: Metabolic benefits and relationship to adi-

pose cell size. Nutrition, Metabolism, and Cardiovascular Dis-

eases, 29(1), 62–68. https://doi.org/10.1016/j.numecd.2018.09.014

Patel, H., Alkhawam, H., Madanieh, R., Shah, N., Kosmas, C. E., &

Vittorio, T. J. (2017). Aerobic vs anaerobic exercise training ef-

fects on the cardiovascular system. World Journal of Cardiol-

ogy, 9(2), 134–138. https://doi.org/10.4330/wjc.v9.i2.134

Pescatello, L. S. (2014). ACSM's guidelines for exercise testing

and prescription (9th ed.). Wolters Kluwer/Lippincott Williams

& Wilkins Health.

Picorelli, A.M., Pereira, L. S., Pereira, D. S., Felício, D., &Sherrington,

C. (2014). Adherence to exercise programs for older people is

influenced by program characteristics and personal factors:

A systematic review. Journal of Physiotherapy, 60(3), 151–156.

https://doi.org/10.1016/j.jphys.2014.06.012

Power, S., Rowley, N., Flynn, D., Duncan, M., & Broom, D. (2022).

Home-based exercise for adults with overweight or obesity: A

rapid review.Obesity Research & Clinical Practice, 16(2), 97–105.

https://doi.org/10.1016/j.orcp.2022.02.003

Reljic, D., Wittmann, F., & Fischer, J. E. (2018). Effects of low-volume

high-intensity interval training in a community setting: A pilot study.

European Journal of Applied Physiology, 118(6), 1153–1167.

https://doi.org/10.1007/s00421-018-3845-8

Roberts, S. B., &Rosenberg, I. (2006). Nutrition and aging: Changes

in the regulation of energymetabolismwith aging. Physiolog-

ical Reviews, 86(2), 651–667. https://doi.org/10.1152/physrev.

00019.2005

Ryan, B. J., Schleh, M. W., Ahn, C., Ludzki, A. C., Gillen, J. B.,

Varshney, P., Van Pelt, D. W., Pitchford, L. M., Chenevert, T. L.,

Gioscia-Ryan, R. A., Howton, S. M., Rode, T., Hummel, S. L.,

Burant, C. F., Little, J. P., & Horowitz, J. F. (2020). Moderate-

intensity exercise and high-intensity interval training affect in-

sulin sensitivity similarly in obese adults. The Journal of Clinical

Endocrinology and Metabolism, 105(8), e2941–e2959. https://

doi.org/10.1210/clinem/dgaa345

Sabag, A.,Way, K. L., Keating, S. E., Sultana, R. N., O’Connor, H. T.,

Baker, M. K., Chuter, V. H., George, J., & Johnson, N. A. (2017).

Exercise and ectopic fat in type 2 diabetes: A systematic review

andmeta-analysis.Diabetes&Metabolism, 43(3), 195–210. https://

doi.org/10.1016/j.diabet.2016.12.006

Siri-Tarino, P.W.,Williams, P. T., Fernstrom, H. S., Rawlings, R. S., &

Krauss, R. M. (2009). Reversal of small, dense LDL subclass phe-

notype by normalization of adiposity. Obesity, 17(9), 1768–1775.

https://doi.org/10.1038/oby.2009.146

Su, Y.-L., Chen, H.-L., Han, S.-L., Lin, Y.-K., Lin, S.-Y., & Liu, C.-H.

(2022). Effectiveness of elastic band exercises on the func-

tional fitness of older adults in long-term care facilities. The

Journal of Nursing Research, 30(5), Article e235. https://doi.

org/10.1097/jnr.0000000000000511

Thompson, D., Karpe, F., Lafontan, M., & Frayn, K. (2012). Physi-

cal activity and exercise in the regulation of humanadipose tis-
sue physiology. Physiological Reviews, 92(1), 157–191. https://

doi.org/10.1152/physrev.00012.2011

Tsai, C.-C., Li, A.-H., Tu, C.-M., Hwang, K.-L., & Jeng, C. (2019). Ef-

fectiveness of a tailored lifestyle management program for

middle-aged women with coronary artery disease: A prelimi-

nary study. The Journal of Nursing Research, 27(1), 1–10.

https://doi.org/10.1097/jnr.0000000000000271

Vella, C. A., Taylor, K., & Drummer, D. (2017). High-intensity inter-

val and moderate-intensity continuous training elicit similar

enjoyment and adherence levels in overweight and obese

adults. European Journal of Sport Science, 17(9), 1203–1211.

https://doi.org/10.1080/17461391.2017.1359679

Vincze, L., Rollo, M. E., Hutchesson, M. J., Callister, R., & Collins,

C. E. (2018). VITAL change for mums: A feasibility study inves-

tigating tailored nutrition and exercise care delivered by

video-consultations forwomen 3–12months postpartum. Jour-

nal of HumanNutrition andDietetics, 31(3), 337–348. https://doi.

org/10.1111/jhn.12549

Wang, J., Gong, D., Luo, H., Zhang, W., Zhang, L., Zhang, H.,

Zhou, J., & Wang, S. (2020). Measurement of step angle for

quantifying the gait impairment of Parkinson's disease bywear-

able sensors: Controlled study. JMIR mHealth uHealth, 8(3),

Article e16650. https://doi.org/10.2196/16650

Wang, Y., & Xu, D. (2017). Effects of aerobic exercise on lipids and

lipoproteins. Lipids in Health andDisease, 16(1), Article No. 132.

https://doi.org/10.1186/s12944-017-0515-5

Woodward, A., Broom, D., Dalton, C., Metwally, M., & Klonizakis,

M. (2020). Supervised exercise training and increased physical

activity to reduce cardiovascular disease risk in women with

polycystic ovary syndrome: Study protocol for a randomized

controlled feasibility trial. Trials, 21(1), Article No. 101. https://

doi.org/10.1186/s13063-019-3962-7

Yan, J., Dai, X., Feng, J., Yuan, X., Li, J., Yang, L., Zuo, P., Fang, Z.,

Liu, C., Hsue, C., Zhu, J., Miller, J. D., & Lou, Q. (2019). Effect of

12-month resistance training on changes in abdominal adipose

tissue and metabolic variables in patients with prediabetes: A

randomized controlled trial. Journal of Diabetes Research,

2019, Article ID 8469739. https://doi.org/10.1155/2019/8469739

Yang, S.-W., Kim, T.-H., & Choi, H.-M. (2018). The reproducibility

and validity verification for body composition measuring de-

vices using bioelectrical impedance analysis in Korean adults.

Journal of Exercise Rehabilitation, 14(4), 621–627. https://doi.

org/10.12965/jer.1836284.142

Yarizadeh, H., Eftekhar, R., Anjom-Shoae, J., Speakman, J. R., &

Djafarian, K. (2021). The effect of aerobic and resistance training

and combined exercisemodalities on subcutaneous abdominal

fat: A systematic review and meta-analysis of randomized clin-

ical trials. Advances in Nutrition, 12(1), 179–196. https://doi.org/

10.1093/advances/nmaa090

Zhang, H., Tong, T. K., Qiu, W., Zhang, X., Zhou, S., Liu, Y., & He,

Y. (2017). Comparable effects of high-intensity interval training

and prolonged continuous exercise training on abdominal vis-

ceral fat reduction in obese young women. Journal of Diabe-

tes Research, 2017, Article 5071740. https://doi.org/10.1155/

2017/5071740
11

https://doi.org/10.1152/physrev.00019.2005
https://doi.org/10.1152/physrev.00019.2005
https://doi.org/10.1097/jnr.0000000000000511
https://doi.org/10.1097/jnr.0000000000000511
https://doi.org/10.1111/jhn.12549
https://doi.org/10.1111/jhn.12549
https://doi.org/10.12965/jer.1836284.142
https://doi.org/10.12965/jer.1836284.142
https://doi.org/10.1093/advances/nmaa090
https://doi.org/10.1093/advances/nmaa090
https://doi.org/10.1155/2017/5071740
https://doi.org/10.1155/2017/5071740

