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Abstract: This study investigated the effects of home-based nutritional and telemedicine-based resistance
exercise interventions on improving body composition, blood biochemistry, and lower-limb functional
performance. In total, 66 obese patients with mild-to-moderate knee osteoarthritis were randomly divided
into a diet control group (D), elastic band resistance exercise group (E), and diet control plus elastic band
exercise group (D + E). Each group was supervised by a clinical dietitian and follow-up was conducted
via telephone calls or a communication application to track the participants’ progress. After 12 weeks
of intervention, the D (p < 0.001) and D + E (p < 0.001) groups achieved significant weight loss. The
D + E group exhibited a significant reduction in body fat relative to the D (p = 0.019) and E (p = 0.012)
groups. Compared with the D (p = 0.002) and E (p = 0.019) groups, the D + E group achieved significant
improvements in the timed up-and-go test and Western Ontario and McMaster Universities Osteoarthritis
total scale. The D + E group experienced significant improvements in total cholesterol (p = 0.001), low-
density lipoprotein cholesterol (p = 0.01), and triglyceride levels (p = 0.007) relative to other groups. In
conclusion, individual diet control intervention combined with telemedicine-based resistance exercise
intervention significantly improved the body composition, blood biochemistry, and lower-limb functional
performance of the investigated population with comorbid conditions.

Keywords: exercise; body composition; cartilage; telemedicine; healthcare; nutrition

1. Introduction

Obesity is a key public health issue. It promotes the development of osteoarthritis
(OA), which causes joint stiffness, pain, and declining functional performance [1,2]. In
addition, patients with obesity usually lack access to nutritional information and do not
know how to manage their nutritional intake to implement a healthy diet [3,4]. European
guidelines for obesity management recommend weight reduction as the nonpharmaco-
logical treatment for this population [5]. A previous study suggested that a 5% body
weight reduction produced improved clinical symptoms including pain relief and func-
tional mobility improvement [6]. However, adverse effects were observed when sedentary
patients with obesity and knee OA were subjected to a very low-energy diet; specifically,
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they developed notable bad breath, intolerance to cold, flatulence, and loss of lean body
mass [7].

The American College of Sports Medicine proposed the position that “exercise is
medicine”. Exercise, which includes aerobic and resistance training, is an interventional
recommendation for treating OA [8,9]. Patients with knee OA who underwent an aerobic
exercise intervention reported significantly reduced joint pain and increased joint range
of motion [10]. However, obesity increases knee joint load due to the heavy weight borne
by the knees. Therefore, patients with obesity and comorbid knee OA may experience
increased joint pain during aerobic exercise due to the compressive impact force on the
knee joints, leading to low adherence [11,12]. For strength training, resistance-band training
serves as a relatively cheaper and more convenient alternative to machine-based resistance
training for patients with knee OA [13,14] and patients with sarcopenic obesity [15]. How-
ever, the clinical benefits of these therapeutic exercise programs decline over time, which is
likely due to poor adherence [16]. Engagement in therapeutic exercise among people in
osteoarthritic populations is influenced by a complex interplay between physical, personal,
and social–environmental factors [17]. These barriers to performing therapeutic exercises
include decreased motivation (e.g., patients may only complete exercises when provided
with action coping plans and/or audio/video exercises), pain and physical limitations,
nonpositive therapeutic exercise information, and lack of professional support [18]. In
addition, the limitations of elastic-band training include difficult to load control and quan-
tify the specific an amount of resistance [19]. Therefore, increasing adherence among the
aforementioned population to therapeutic exercise which can be feasibly performed as
graded exercise at home through the provision of instruction is a key strategy [20].

Telemedicine is a promising strategy, particularly for the early stages of a home-based
therapeutic exercise program; it allows for exercise techniques to be corrected for safety, and an
exercise program can be adjusted to suit an individual’s physical ability and goals [21–23]. In
our previous study, a 12-week telemedicine-based elastic band intervention was implemented
with regular follow-up via phone calls or communication software by the clinical staff of a
medical center; the intervention led to improved muscle strength, dynamic balance, and physical
function in patients with comorbid type 2 diabetes mellitus and knee OA [24]. Collectively,
these findings indicate that telemedicine-based elastic band exercise is safe for patients with
various conditions. In addition, systematic reviews and randomized controlled trials examining
people with knee and hip OA have highlighted that e-health technologies such as telehealth
and mobile health may provide more opportunities for interactions with exercise professionals
and increase the exercise adherence of patients, particularly in the OA population [17].

Previous studies have examined patients with obesity and knee OA and compared the ef-
fects of weight loss only [6,25], exercise only [26,27], and weight loss + exercise [12,28–30]. Based
on aforementioned studies, the literature has not examined the feasibility of achieving weight
loss, improving blood biochemical values, and enhancing functional performance through the
provision of nutritional advice and elastic band resistance exercise instructions provided by a
dietitian combined with implementation of follow-up using telemedicine to track participants’
progress, particularly with respect to the aforementioned population with comorbid obesity
and knee OA. Therefore, this study investigated the effects of an individualized nutritional and
elastic band resistance exercise intervention program delivered by a dietitian who specializes
in sports medicine through telemedicine and applied to older patients with obesity and knee
OA. Regarding functional assessments, the Western Ontario and McMaster Universities Os-
teoarthritis scale (WOMAC) scale is a high intraclass correlation coefficient self-questionnaire
used to assess the health status of patients with knee OA [24,31]. The Osteoarthritis Research
Society International recommends the timed up-and-go (TUG) test to assess the dynamic bal-
ance of patients with knee or hip OA [32]. The TUG test is highly reliable for patients with
mild-to-moderate knee OA [24,33].Therefore, the primary outcome was assessed by reviewing
the patients’ body composition and WOMAC scores. The secondary outcomes were assessed
by reviewing the patients’ blood biochemical analysis and TUG test results.
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2. Materials and Methods
2.1. Study Design and Setting

This research was approved by the Institutional Review Board of the Chang Gung
Medical Foundation (Approval No. 201800607B0) and conducted in line with current legis-
lation and the Declaration of Helsinki [34]. The protocol of this study was registered with
ClinicalTrials.gov (accessed on 20 July 2021) (NCT03973463). This study was a prospective,
single-center, randomized control trial. Patients with accessible electronic medical records
from visits to Kaohsiung Chang Gung Memorial Hospital in Taiwan were enrolled. A
clinical dietitian contacted the patients who met the selection criteria. Patients who had
obesity and knee OA and met the criteria of this study were enrolled from the Division
of Endocrinology and Metabolism of Kaohsiung Chang Gung Memorial Hospital. After
explaining the study purpose to eligible patients and obtaining their written informed
consent, we randomly assigned them to either the diet control (D) group, elastic band resis-
tance exercise intervention (E) group, or combined intervention (D + E) group. Random
allocations were concealed by using opaque, sealed envelopes (A lot: D group; B lot: E; C
lot: D + E group) that were prepared by clinical staff who were not involved in the enrol-
ment process. All patients drew one lot by themselves. Patient identification was recorded
on each lot. All enrolled patients in all groups were blinded to their grouping. All outcome
measures were assessed by a single investigator from the Division of Endocrinology and
Metabolism. The outcomes were assessed before and after the 12-week intervention.

2.2. Participants

Patients who were older than 55 years and had a body mass index (BMI) of 27–35 kg/m2

were included in the study. In the present study, obesity was defined per the definition estab-
lished by the National Health Agency; knee OA was diagnosed when X-ray findings indicated
a Kellgren and Lawrence (K&L) grade ≤3 [35] and visual analog scale ≥4 out of 10 [36]. The
exclusion criteria were as follows: inability to live independently; K&L grade >3; history of
hip or knee replacement surgery; history of myocardial infarction; pregnancy or lactation;
end-stage liver disease and nephropathy; severe heart disease; lung disease; inability to undergo
physical function testing due to conditions such as unstable angina, myocardial infarction, heart
failure, severe heart rhythm disorder or second- or third-degree heart conduction block, cardiac
aneurysm or aortic aneurysm, or myocarditis or pericarditis; chronic obstructive pulmonary
disease accompanied by pulmonary heart disease, untreated or unstable asthma, severe pul-
monary hypertension, or pulmonary embolism; and malignant hypertension. Throughout
the study, all participants’ drug regimens remained unchanged. This study was conducted at
Kaohsiung Chang Gung Memorial Hospital.

2.3. Interventions
2.3.1. Diet Control Group

A clinical dietician provided support to the D group and designed an individualized
nutritional plan for each participant. These participants also received dietary advice (from
the clinical dietitian), health education, and manuals and handouts (covering weight
loss and diet) during their first visit to the medical center. Each participant was asked
by the clinical dietician to follow a balanced low-energy diet of 1200 kcal/day [7] and
update his or her diet record sheet at least three times a week (at least twice and once
on weekdays and weekends, respectively). The clinical dietitian followed up with and
advised the participants through active phone calls or a communication application (e.g.,
LINE, FaceTime) once a week for 12 weeks. While performing active calls or mobile
application, patient’s interventions were actively instructed by the clinical dietitian based
on the individual’s nutritional needs and preferences of each participant.

2.3.2. Elastic Band Resistance Exercise Group

The elastic band resistance exercise intervention was implemented with the protocol
used in our previous study [24]. Due to safety concerns, seated, open-chain exercises were

ClinicalTrials.gov
ClinicalTrials.gov


Int. J. Environ. Res. Public Health 2021, 18, 7744 4 of 15

incorporated to strengthen the major muscle groups of the lower extremities. The exer-
cise regime included hip joint extension/flexion, abduction/adduction, external/internal
rotation, knee joint extension/flexion, and ankle joint plantarflexion/dorsiflexion move-
ments (Figure 1). Each participant performed 10 repetitions/set of five sets/day of the
aforementioned exercise movements 3 days a week for 12 weeks [24]. Exercise intensity
was increased by applying more force to the band to provide greater resistance or by
switching to a thicker resistance band that created more resistance and thus increased
exercise difficulty. A repetition maximum of 10 and rated perceived exertion (RPE) of 13
(range of 6–20) were applied as the standards for the exercise program [13]. As long as
participants completed 10 RM and below an RPE of 13, they were prescribed increased
exercise difficulty while clinical staff performed telemedicine-based instruction. To ensure
that the patients understood the resistance exercise program, each movement was taught by
clinical staff at the medical center during the patients’ first visit. The clinical staff specialize
in sports medicine and are well trained to prescribe an exercise program. A low-resistance
elastic band was used under supervision by telemedicine for familiarization in the first
2 weeks, and bands with progressively higher resistance were used in the subsequent
weeks. Thereafter, participants’ compliance with the exercise program was tracked and
instruction provided by clinical staff once every week through active phone calls or a
communication application (e.g., LINE, FaceTime) for 12 weeks. In addition, they were
provided brochures with highlighted notes that served as reminders.
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2.3.3. Combined Group

Both the diet control and elastic band resistance program interventions (i.e., the
aforementioned protocols) were applied to this group.

2.4. Outcome Measures

The clinical staff who collected the data were properly trained in data collection pro-
cedures and the execution of follow-up through active phone calls or a communication
application (e.g., LINE). The dietitian, who specializes in sports medicine, was responsible
for assessing the primary and secondary outcomes before and after the 12-week interven-
tion. In addition, the patients’ blood parameters were monitored by the Department of
Laboratory Medicine of Kaohsiung Chang Gung Memorial Hospital.
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2.4.1. Primary Outcomes

Body composition results and WOMAC scores were the primary outcomes in the
present study. Body composition was determined by performing bioelectrical impedance
analysis (BIA) to estimate a patient’s body weight, BMI, body fat percentage, body fat
mass, soft lean mass, and lower-limb muscle mass; the analysis was performed using the
Body Composition Analyzer (Model IOI 353, Jawon Medical, Seoul, South Korea) [37].
This device has a strong linear correlation (r2 = 0.894) and strong agreement (ICC = 0.917)
compared with dual-energy X-ray absorptiometry (DXA); Bland–Altman analysis showed
that the limit of agreement (%) of this device was 89.3% [38]. Participants were prohibited
from engaging in vigorous exercise, consuming food, using a sauna, or drinking excessive
amounts of water during the 4 h prior to measurement. To ensure good conductivity,
the patients were asked to remove their socks and clean their feet and hands before
placing them on the electrode plates for collection of measurements; the related procedures
were performed as described in the manufacturer’s operations manual. Body height
was measured using automatic height-measuring equipment (HW-3070, Hocom, Taipei,
Taiwan). WOMAC items are answered on a five-point Likert scale ranging from 0 (no
disability) to 4 (extremely severe disability). A higher score indicates more severe disability.
Three subscales for pain, stiffness, and physical function were used, and their scores were
added to obtain an overall score. A minimal clinically important difference (MCID) was
recognized as a reduction (relative to the baseline score) of at least 14% for the overall
score [39], 22.9% for the pain subscale score, 14.4% for the stiffness subscale score, and 19%
for the physical function subscale score [40,41].

2.4.2. Secondary Outcomes

Blood biochemical analysis and TUG test results were the secondary outcomes in the
present study. The blood biochemical analysis comprised measurements of total cholesterol (nor-
mal range <200 mg/dL), low-density lipoprotein cholesterol (LDL; normal range <150 mg/dL),
and triglyceride (normal range <150 mg/dL) levels. All blood biochemical analyses were
performed by the Department of Laboratory Medicine of Kaohsiung Chang Gung Memorial
Hospital. The enzymatic method was used; specifically, a coloring agent was added to a quan-
titative serum that was then placed in a 37 ◦C water bath; its absorbance was measured at a
wavelength of 505 nm, and the concentration of blood in the serum was calculated. Data were
obtained from the electronic medical record system of the medical center.

The TUG test is performed as follows: Upon hearing the “Start” command verbally
given by the investigator, the participant stands up from a seated position, walks to a target
placed 2.44 m in front of them, turns around, walks back to the chair, and sits down as
quickly as possible. The time required to complete this task was measured in seconds. An
MCID was recognized as a decrease (relative to baseline) of at least 0.8 s in the total time
required to complete the task [42].

2.5. Statistical Analyses

The power estimation indicated that a sample size of at least 20 participants in each
group was required. The estimations were based on an alpha level of 0.05 and a desired
power of 80% with an anticipated dropout rate of 15% [43].

SPSS 25.0 (SPSS, Chicago, IL, USA) was used for data analysis. Data are presented as
means and standard deviations (SD). The Shapiro–Wilk test indicated a normal distribution
(p > 0.05) and the basic data of the participants were analyzed using descriptive statistics,
chi-squared tests, and Fisher’s exact test. A paired t test was used to analyze the intragroup
differences in body composition, WOMAC scale scores, blood biochemical values, and TUG
test scores. Analysis of covariance (ANCOVA) was performed, with the covariate being
set using pretest data and the groups being independent variables. To address concerns
related to the multiple comparison test, the method for controlling type I error was applied
in each corresponding multiple comparison method [44]. Post hoc analysis was performed
using the Bonferroni method. If a group exhibited nonhomogeneity, an analysis of variance
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(ANOVA) was performed to test the homogeneity; if the same value (p > 0.05) was obtained,
then ANCOVA was used to analyze the differences between groups; if homogeneity was
not observed (p < 0.05), the Welch test was performed to determine the changes between
groups and a pairwise comparison was performed using Dunnett’s T3 test instead. The
changes from baseline to post-intervention were analyzed using one-way ANOVA, and
post hoc testing was performed using Tukey’s range test. The effect size (Cohen’s d), which
is the difference between pretest and post-test means divided by their common SD, was
calculated and interpreted as small (d = 0.2), medium (d = 0.5), or large (d = 0.8), to show
the magnitude of the effect [45]. Statistical significance was established when p < 0.05.

3. Results
3.1. Study Flow for Participants

A total of 113 outpatient screenings occurred during the enrolment period; 47 patients did
not meet the inclusion criteria, and 66 patients were enrolled. Subsequently, the enrolled patients
were assigned randomly to the D, E, or D + E groups. This study applied an intention-to-treat
analysis. Of the 66 patients, 3 interventions were not completed due to an inability to conduct
follow-up (overseas travel, loss of contact, family refusal). Ultimately, 63 participants (i.e., 21
in each group) completed the intervention (Figure 2). The adherence rates of the participants
who completed the intervention were 83%, 90%, and 87% for the D, E, and D + E groups,
respectively. No significant differences were observed among the three groups with respect to
their baseline data (i.e., age, gender, height, weight, BMI, body fat percentage, K&L classification,
and medication use; Table 1). Over the entire intervention period, no adverse events related to
the intervention were reported.
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Table 1. Baseline characteristics of participants.

Characteristics D Group (n = 21) E Group (n = 21) D + E Group (n = 21) p

Gender

Male/female
Age (year)

9/12
66.0 (3.9)

8/13
64.2 (4.1)

6/15
65.6 (3.9)

0.779
0.308

Body height (cm) 159.32 (5.64) 159.77 (7.44) 158.93 (6.82) 0.578
Body weight (kg) 78.37 (8.50) 79.00 (10.78) 77.53 (10.17) 0.891
Body mass index

(kg/m2) 30.80 (2.58) 30.84 (2.47) 31.10 (2.60) 0.915

Body fat (%)
waistline (cm)

35.18 (6.00)
102.12 (8.10)

34.64 (6.47)
102.07 (10.91)

36.2 (5.27)
100.35 (7.25)

0.690
0.764

Kellgren–Lawrence
grade 1.76 (0.81) 1.62 (0.65) 1.81 (0.85) 0.528

I, n (%) 10 (47.6) 11 (50) 10 (47.6)
II, n (%) 6 (28.6) 8 (38.1) 5 (23.8)
III, n (%) 5 (23.8) 2 (9.1) 6 (28.6)

Drug, n (%)

Antihyperlipidemic 15 (71.4) 13 (61.9) 12 (57.1) 0.719
Antiarthritic 12 (57.1) 12 (57.1) 10 (47.6) 0.856

VAS (baseline) 6.19(1.03) 6.62 (1.17) 6.29 (1.06) 0.399

Values are means with standard deviations (in brackets) unless indicated otherwise. D: diet control group; E: resistance exercise group; D +
E: diet control and resistance exercise group.

3.2. Primary Outcomes
3.2.1. Body Composition Analysis

Table 2 presents the postintervention changes in body composition. After the conclusion
of the interventions, significant differences in body weight were observed among the three
groups (F = 69.037, p < 0.001). In the pairwise comparison test, the D + E (p < 0.001) and D
(p < 0.001) groups exhibited significant decreases in body weight relative to their baseline
data. Furthermore, the changes in the D + E (p < 0.001) and D (p < 0.001) groups represented
significant improvements relative to the E group. Significant differences in BMI were observed
among the three groups (F = 66.788, p < 0.001). In the pairwise comparison test, the D + E
(p < 0.001) and D (p < 0.001) groups exhibited significant improvements relative to their
baseline data; however, such improvements were not observed in the E group (p = 0.161).
Furthermore, the BMI changes in the D + E (p < 0.001) and D (p < 0.001) groups represented
significant decreases relative to the E group. Significant differences in body fat percentage
were observed among the three groups (F = 6.287, p = 0.003). In the pairwise comparison
test, all groups (p < 0.001) exhibited significant improvements relative to their baseline data.
Furthermore, the changes in body fat percentage in the D + E group represented significant
improvements relative to the D (p = 0.019) and E (p = 0.012) groups. Significant differences in
soft lean mass were observed among the three groups (F = 25.996, p < 0.001). In the pairwise
comparison test, all groups exhibited significant improvements relative to their baseline
data. Furthermore, the soft lean mass changes in the D + E (p < 0.001) and D (p < 0.001)
groups represented significant improvements relative to the E group. Significant differences
in lower-limb muscle mass were observed among the three groups (F = 43.255, p < 0.001).
In the pairwise comparison test, a significant reduction and increase in lower-limb muscle
mass were observed in the D and E groups, respectively, and no significant changes were
observed in the D + E group (p = 0.178). Furthermore, the changes in the D group (p < 0.001)
represented a significant reduction relative to the D + E group, and the changes in the E group
represented a significant increase relative to the other two groups.
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Table 2. Improvements in body composition after the 12-week intervention.

Outcomes D E D + E

Body weight (kg)
Baseline 78.37 ± 8.50 78.99 ± 10.78 77.53 ± 10.17

Post-intervention 74.96 ± 8.59 78.63 ± 11.00 74.03 ± 10.11
Change −3.41 ± 0.75 $ −0.36 ± 1.16 −3.50 ± 0.97 $

Effect size 0.4 0.03 0.35
p <0.001 0.168 <0.001

Body mass index (kg/m2)
Baseline 30.8± 2.57 30.84± 2.47 31.10± 2.60

Post-intervention 29.45± 2.59 30.69± 2.59 29.7± 2.64
Change −1.35 ± 0.33 $ −0.15± 0.46 −1.41± 0.39 $

Effect size 0.52 0.06 0.53
p <0.001 0.161 <0.001

Body fat (%)
Baseline 35.18 ± 6.01 34.64± 6.48 36.20± 5.27

Post-intervention 33.97 ± 6.47 33.48± 6.46 34.32± 5.50
Change −1.20 ± 0.81 −1.17± 0.75 −1.87± 0.78 #,$

Effect size 0.19 0.18 0.35
p <0.001 <0.001 <0.001

Soft lean mass (kg)
Baseline 46.29 ± 6.25 47.05 ± 8.41 45.64 ± 8.97

Post-intervention 45.05 ± 6.38 47.83 ± 8.53 44.46 ± 8.55
Change −1.23 ± 0.65 $ 0.78 ± 0.64 −1.18 ± 1.56 $

Effect size 0.2 0.1 0.13
p <0.001 <0.001 0.002

Lower-limb muscle mass (kg)
Baseline 17.59 ± 2.62 17.37 ± 3.2 17.34 ± 3.57

Post-intervention 16.85 ± 2.60 17.89 ± 3.37 17.17 ± 3.43
Change −0.75 ± 0.40 $ 0.52 ± 0.35 −0.17 ± 0.55 #,$

Effect size 0.28 0.16 0.05
p <0.001 <0.001 <0.001

Results are expressed as means ± standard deviations. Change was calculated by subtracting the baseline value
from the postintervention value; p: pairwise test; effect size indicates Cohen’s d; $ indicates vs. E group (p < 0.05);
# indicates vs. D group (p < 0.05); D: diet control group; E: resistance exercise group; D + E: diet control and
resistance exercise group.

3.2.2. WOMAC Analysis

Table 3 presents the postintervention changes in WOMAC scores. After the interven-
tions concluded, significant differences in overall WOMAC scores were observed among
the three groups (F =5.938, p = 0.004). In the pairwise comparison test, the D + E (p = 0.007)
and D (p =0.017) groups exhibited significant improvements relative to their baseline data.
Furthermore, the changes in the D + E group represented significant improvements relative
to the D (p = 0.002) and E (p < 0.001) groups. The overall scores of the D, E, and D + E
groups improved by 26.79%, 24.78%, and 33.52%, respectively. MCIDs were observed in all
three groups.

For the pain subscale, no significant postintervention difference was observed among
the groups (F =1.319, p = 0.275). However, all three groups (P < 0.001) exhibited significant
improvements relative to their baseline data. Furthermore, the changes in the D + E group
(p < 0.03) represented significant improvements relative to the E group. The pain scores of
the D, E, and D + E groups improved by 32.16%, 29.64%, and 39.83%, respectively. MCIDs
were observed in all three groups.
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Table 3. Improvements in WOMAC scale after the 12-week intervention.

Outcomes D E D + E

Total Score
Baseline 34.57 ± 7.69 30.24 ± 6.06 38.86 ± 7.98

Post-intervention 25.33 ± 6.55 22.62 ± 5.41 25.81 ± 6.61
Change −9.24 ± 3.59 −7.62 ± 2.64 −13.05 ± 4.09 #,$

Effect size 1.29 1.33 1.78
p <0.001 <0.001 <0.001

Pain
Baseline 6.48 ± 2.21 6.05 ± 1.99 7.43 ± 2.01

Post-intervention 4.33 ± 1.65 4.14 ± 1.46 4.48 ± 1.44
Change −2.14 ± 1.28 −1.90 ± 1.48 −2.95 ± 1.12 $

Effect size 1.1 1.09 1.69
p <0.001 <0.001 <0.001

Stiffness
Baseline 2.91 ± 1.09 1.33 ± 1.15 2.86 ± 1.59

Post-intervention 1.86 ± 0.66 0.90 ± 0.83 1.38 ± 0.97
Change −1.05 ± 0.81 −0.43 ± 0.68 −1.48 ± 1.03 $

Effect size 1.17 0.21 1.12
p <0.001 <0.001 <0.001

Physical Function
Baseline 25.19 ± 5.62 22.86 ± 4.30 28.57 ± 5.76

Post-intervention 19.43 ± 5.29 17.76 ± 3.82 19.95 ± 4.79
Change −5.76 ± 2.84 −5.10 ± 1.70 −8.62 ± 3.58 #,$

Effect size 1.06 1.25 1.63
p <0.001 <0.001 <0.001

Results are expressed as means ± standard deviations. Change is calculated by subtracting the baseline value
from the postintervention value; p, pairwise test; Effect size indicates Cohen’s d; $ indicates vs. E group (p < 0.05);
# indicates vs. D group (p < 0.05); D, diet control group; E, resistance exercise group; D + E, diet control and
resistance exercise group.

For the stiffness subscale, significant postintervention differences were observed among
the groups (F =3.764, p = 0.029). In the pairwise comparison test, all three groups (p < 0.001)
exhibited significant improvements relative to their baseline data. Furthermore, the changes
in the D + E group (p = 0.001) represented significant improvements relative to the E group.
The stiffness scores of the D, E, and D + E groups improved by 32.16%, 29.64%, and 39.83%,
respectively. MCIDs were observed in all three groups.

For the physical function subscale, significant postintervention differences were ob-
served among the groups (F =3.989, p = 0.024). In the pairwise comparison test, all three
groups (p < 0.001) exhibited significant improvements relative to their baseline data. Fur-
thermore, the changes in the D + E group represented significantly improvements relative
to the D (p < 0.001) and E (p = 0.005) groups. The physical function scores of the D, E, and D
+ E groups improved by 23.05%, 21.54%, and 29.72%, respectively. MCIDs were observed
in all three groups.

3.3. Secondary Outcomes
3.3.1. Blood Biochemical Analysis

Table 4 presents the improvements in blood biochemistry values. For total cholesterol,
significant postintervention differences were observed among the groups (F = 7.214, p = 0.002).
In the pairwise comparison test, the D + E (p < 0.001) and D (p < 0.001) groups exhibited
significant improvements relative to their baseline data; however, such improvements were not
observed in the E group (p = 0.275). Furthermore, the changes in the D + E group (p = 0.001)
represented significant improvements relative to the E group.
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Table 4. Improvements in blood biochemistry values after the 12-week intervention.

Outcomes D E D + E

Total cholesterol (mg/dL)
Baseline 177.17 ± 23.35 169.95 ± 25.06 177.48 ± 27.04

Post-intervention 160.10 ± 20.16 165.81 ± 26.89 151.52 ± 18.03
Change −17.57 ± 18.07 −4.14 ± 13.40 −25.95 ± 23.27 $

Effect size 0.78 0.16 1.13
p <0.001 0.175 <0.001

LDL (mg/dL)
Baseline 99.47 ± 24.19 94.47 ± 24.19 97.57 ± 24.10

Post-intervention 84.38 ± 18.69 91.76 ± 24.32 79.52 ± 14.27
Change −15.24 ± 15.17 $ −2.71 ± 13.94 −18.05 ± 19.78 $

Effect size 0.7 0.11 0.91
p <0.001 0.325 <0.001

Triglycerides (mg/dL)
Baseline 145.40 ± 52.95 128.81 ± 62.68 140.62 ± 54.57

Post-intervention 110.75 ± 48.77 118.05 ± 47.68 97.33 ± 35.79
Change −34.65 ± 16.17 −10.76 ± 48.92 −43.29 ± 26.37 $

Effect size 0.68 0.19 0.94
p <0.001 0.325 <0.001

Results are expressed as means ± standard deviations. Change was calculated by subtracting the baseline value
from the postintervention value; p: pairwise test; effect size indicates Cohen’s d; $ indicates vs. E group (p < 0.05);
D: diet control group; E: resistance exercise group; D + E: diet control and resistance exercise group.

For LDL, significant postintervention differences were observed among the groups
(F = 5.946, p = 0.004). In the pairwise comparison test, the D + E (p < 0.001) and D (p < 0.001)
groups exhibited significant improvements relative to their baseline data; however, such
improvements were not observed in the E group (p = 0.383). Furthermore, the changes in
the D + E (p = 0.01) and D (p = 0.044) groups represented significant improvements relative
to the E group.

For triglycerides, significant postintervention differences were observed among the
groups (F = 6.035, p = 0.004). In the pairwise comparison test, the D + E (p < 0.001) and
D (p < 0.001) groups exhibited significant improvements relative to their baseline data;
however, such improvements were not observed in the E group (p = 0.325). Furthermore,
the changes in the D + E group (p = 0.007) represented significant improvements relative to
the E group.

3.3.2. TUG Test

For the TUG test, significant postintervention differences were observed among the
groups (F = 12.508, p < 0.001) (Table 5). In the pairwise comparison test, all groups (p < 0.001)
exhibited significant improvements relative to their baseline data. MCIDs were observed in
all groups. Furthermore, the changes in the D + E group (p = 0.001) represented significant
improvements relative to the E group.

Table 5. Improvements in TUG test after the 12-week intervention.

Outcomes D E D + E

TUG(s)
Baseline 11.25 ± 2.15 10.51 ± 1.97 10.98 ± 1.98

Post-intervention 9.92 ± 1.68 9.59 ± 1.56 9.37 ± 1.61
Change −1.33 ± 0.59 −0.92 ± 0.67 −1.61 ± 0.52 $

Effect size 0.69 0.52 0.89
p <0.001 <0.001 < 0.001

Results are expressed as means ± standard deviations. Change was calculated by subtracting the baseline value
from the postintervention value; p: pairwise test; effect size indicates Cohen’s d; $ indicates vs. E group (p < 0.05);
D: diet control group; E: resistance exercise group; D + E: diet control and resistance exercise group.
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4. Discussion

To the best of our knowledge, this was the first prospective study in which patients
with obesity and knee OA received home-based nutritional consultation combined with
telemedicine-based exercise intervention. Individualized diet control interventions com-
bined with telemedicine-based resistance exercise interventions, which were supervised by
a clinical dietitian, significantly improved body composition (i.e., reduction in BMI and
body fat percentage), improved blood biochemistry values (i.e., reduction in total choles-
terol, LDL, and triglyceride levels), and enhanced lower-limb functional performance (i.e.,
improvements in WOMAC and TUG results) in the investigated population. The adherence
rates of the patients who completed the intervention were 83%, 90%, and 87% in the D, E,
and D + E groups, respectively. The high compliance can be attributed to the consistent
follow-up with the clinical dietician and the convenience of exercising at home, which
indicate that this method is feasible and effective. The adherence levels observed in all
groups were higher than those reported in previous studies [16,46].

Regarding body composition changes, most weight-loss methods for patients with
obesity and knee OA involve meal replacements. Although studies involving meal re-
placements have successfully achieved >10% body weight reductions, the rapid weight
loss has also led to reductions in participants’ lean body mass by 11%–17% of their body
weight [47–49]. In contrast, in the present study, each participant followed an individual-
ized, balanced low-energy diet of 1200 kcal/day that was developed by a clinical dietitian.
Each participant also engaged in follow-up and regularly consulted with the clinical di-
etitian through phone calls or online real-time communication once a week for 12 weeks;
therefore, we were able to regularly monitor individuals’ nutritional status and control
their energy intake such that their body weight could be reduced gradually. In addition,
the percentage of participants who lost more than 5% of their body weight was 33.3%, and
47.6% in the E and D + E groups. A previous systematic review reported that a weekly
reduction of body weight by 0.25% can improve the disability status of individuals with
overweight or obesity with knee OA [50]. Moreover, we discovered that the participants
in the D group experienced not only decreases in their body weight, body fat percentage,
BMI, and soft lean mass, but also their muscle mass (which was expected). In the D + E
group, no significant decrease in muscle mass was observed, which indicates that resistance
exercise is essential for weight loss because it can slow muscle mass loss. In other words,
implementing a weight-loss intervention that does not incorporate exercises will lead to
the loss of muscle mass in the lower limbs and, consequently, increase the risk of knee
joint impact injuries resulting from insufficient quadriceps muscle strength. Elastic band
resistance exercises help to initiate muscle anabolism and improve the protein synthesis
rate of the limb muscles. In the present study, soft lean mass and lower-limb muscle mass
increased significantly in the E group. These results were consistent with those reported in
a previous study [15]. Therefore, we recommend a combined telemedicine-based interven-
tion for patients with obesity and knee OA because this intervention allows for weight loss
without the loss of lower-limb muscle mass.

Regarding functional performance, the D + E group achieved the most significant
improvements in overall WOMAC scores (33.52%) and physical function subscale (29.72%),
and these improvements met the MCID threshold. Similarly to the present study, previous
studies have indicated that elastic band resistance exercises improved the WOMAC scores
of patients with and without obesity who have OA [13,51,52]. In addition, the D + E
group exhibited significant improvements on the TUG test relative to the E group. This
finding may have contributed to the decreased pain that was reported. The three groups
experienced significant pain relief benefits after completing their interventions. Pain
and physical activity are mutually influential [24]. A study of home-based balance and
low-resistance exercise training verified that healthy older adults in the community who
participated in a supervised exercise training program took an average of 8.7–9.91 s to
complete the TUG test [53]. In the present study, after receiving telemedicine support from
clinical staff and completing the interventions, the patients with obesity and knee OA took
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9.37–9.92 s to complete the TUG test; these results are similar to those achieved by healthy
older adults (8.4–9.1 s). This finding indicated a significant improvement that met the
MCID threshold [42].

For blood biochemistry values, the three groups exhibited decreased total cholesterol
levels. In addition, the D + E group exhibited lower LDL and triglyceride levels relative to
the E group, indicating the effectiveness of regular diet control supervised by a dietician
through telemedicine. Blood lipid level (particularly LDL level) influences a patient’s
cardiovascular risk [54]. Previous studies have indicated that resistance exercise training
aids the control of blood lipid levels [55,56]. Furthermore, a high triglyceride level increases
endogenous LDL [57]. Collectively, these findings indicate that regular diet control and
resistance exercise can greatly benefit patients at high risk of cardiovascular disease (e.g.,
those with obesity).

The primary contribution of the present study is its demonstration of the feasibility
of implementing diet control through nutritional consultation and improving functional
performance through a supervised resistance exercise program for the investigated popula-
tion; this was achieved via phone consultations provided by clinical staff over a 12-week
follow-up period after the participants’ first visit to the outpatient department. However,
the study had several limitations that can be addressed in future studies. First, we enrolled
participants from only a single medical center, and the positive outcomes could have been
achieved primarily because a clinical dietitian with a sports medicine background aided
in follow-up and tracked the health status and exercise adherence of the participants via
phone calls or a communication application; in a regional hospital or small clinic, this
protocol may be difficult to replicate. Second, other intervention-related dependent vari-
ables were not assessed. Changes in physical activity levels assessed through wearable
technology (e.g., daily walking steps, speed), performance-based measures of physical
function, and quality of life for this population were not tracked, and physical or occupa-
tional activities unrelated to the study could have introduced bias into the results. The OA
participants were also not precisely assessed for intra-articular joint condition (e.g., carti-
laginous wear) by magnetic resonance imaging [58] and biomechanics changes (e.g., gait,
joint loading) [59]. Third, a potential placebo effect was not accounted for, since there is no
sham exercise. Fourth, the severe OA participants (i.e., K&L grade >3) were excluded. The
generalizability of the results to all patients with obesity and knee OA is low. Fifth, we did
not verify whether the participants’ family members actively supervised the interventions,
which is a factor that could also have introduced bias into the results. Sixth, limitations
of BIA in morbidly obese patients may exist. Obese individuals have a relatively high
amount of extracellular water and total body water, which may lead to underestimation
of fat mass and overestimation of fat-free mass [60]. Therefore, adoption of total body
DXA scanning for the precise measurement of body composition is suggested, but the
safety of repeated measurements, the cost, and technical expertise are limiting [61]. A last,
long-term follow-up should be conducted to determine, especially after the conclusion
of interventions, whether our strategy changed the dieting and exercise behavior of the
investigated population and produced long-term effects.

5. Conclusions

Supervised by a clinical dietitian, a 12-week individualized diet control intervention
combined with a telemedicine-based elastic band resistance exercise intervention led to
significant reductions in BMI, body fat, total cholesterol, LDL, and triglyceride levels
and enhanced lower-limb functional performance in patients with obesity and mild-to-
moderate knee OA. We recommend the application of this strategy by medical centers.

Author Contributions: Y.-I.H.; N.-J.C. conceived and designed the experiments; Y.-I.H.; Y.-C.C.; N.-
J.C. performed the experiments; Y.-I.H.; Y.-C.C.; C.-L.L.; N.-J.C. interpreted the data and participated
in drafting the text and figures. All authors have read and agree to the published version of the
manuscript.



Int. J. Environ. Res. Public Health 2021, 18, 7744 13 of 15

Funding: This research was supported by the Department of Medical Research, Kaohsiung Chang
Gung Memorial Hospital (Project Number: CMRPG8H0581). This work was also in part supported
by the NSYSU-KMU joint research project [NSYSUKMU110-P004].

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of the Chang Gung Medical
Foundation (Approval No. 201800607B0).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Data are contained within the article.

Acknowledgments: We would like to thank all our participants for their time and effort. We also
thank researchers for assistance with statistical analyses, from the Biostatistics Center, Kaohsiung
Chang Gung Memorial Hospital.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Largo, R.; Herrero-Beaumont, G. Joint obesity as a pathogenic factor in osteoarthritis. Osteoarthr. Cartil. 2021. [CrossRef]
2. Salih, S.; Sutton, P. Obesity, knee osteoarthritis and knee arthroplasty: A review. BMC Sports Sci. Med. Rehabil. 2013, 5, 1–6.

[CrossRef]
3. Lim, S.; Smith, C.A.; Costello, M.F.; MacMillan, F.; Moran, L.; Ee, C. Barriers and facilitators to weight management in overweight

and obese women living in Australia with PCOS: A qualitative study. BMC Endocr. Disord. 2019, 19, 1–9. [CrossRef] [PubMed]
4. Lopez-Hernandez, L.; Martinez-Arnau, F.M.; Perez-Ros, P.; Drehmer, E.; Pablos, A. Improved nutritional knowledge in the obese

adult population modifies eating habits and serum and anthropometric markers. Nutrients 2020, 12, 3355. [CrossRef] [PubMed]
5. Yumuk, V.; Tsigos, C.; Fried, M.; Schindler, K.; Busetto, L.; Micic, D.; Toplak, H. Obesity management task force of the european

association for the study of European guidelines for obesity management in adults. Obes. Facts 2015, 8, 402–424. [CrossRef]
[PubMed]

6. Christensen, R.; Bartels, E.M.; Astrup, A.; Bliddal, H. Effect of weight reduction in obese patients diagnosed with knee osteoarthri-
tis: A systematic review and meta-analysis. Ann. Rheum. Dis. 2007, 66, 433–439. [CrossRef] [PubMed]

7. Christensen, P.; Bliddal, H.; Riecke, B.F.; Leeds, A.R.; Astrup, A.; Christensen, R. Comparison of a low-energy diet and a very
low-energy diet in sedentary obese individuals: A pragmatic randomized controlled trial. Clin. Obes. 2011, 1, 31–40. [CrossRef]
[PubMed]

8. Fransen, M.; McConnell, S.; Harmer, A.R.; Van der Esch, M.; Simic, M.; Bennell, K.L. Exercise for osteoarthritis of the knee.
Cochrane Database Syst. Rev. 2015, 1, CD004376. [CrossRef]

9. Vincent, K.R.; Vincent, H.K. Resistance exercise for knee osteoarthritis. PM&R 2012, 4, S45–S52.
10. Alrushud, A.S.; Rushton, A.B.; Kanavaki, A.M.; Greig, C.A. Effect of physical activity and dietary restriction interventions on

weight loss and the musculoskeletal function of overweight and obese older adults with knee osteoarthritis: A systematic review
and mixed method data synthesis. BMJ Open 2017, 7, e014537. [CrossRef]

11. Blagojevic, M.; Jinks, C.; Jeffery, A.; Jordan, K. Risk factors for onset of osteoarthritis of the knee in older adults: A systematic
review and meta-analysis. Osteoarthr. Cartil. 2010, 18, 24–33. [CrossRef]

12. Messier, S.P.; Mihalko, S.L.; Legault, C.; Miller, G.D.; Nicklas, B.J.; DeVita, P.; Beavers, D.P.; Hunter, D.J.; Lyles, M.F.; Eckstein, F.;
et al. Effects of intensive diet and exercise on knee joint loads, inflammation, and clinical outcomes among overweight and obese
adults with knee osteoarthritis: The IDEA randomized clinical trial. JAMA 2013, 310, 1263–1273. [CrossRef]

13. Chang, T.-F.; Liou, T.-H.; Chen, C.-H.; Huang, Y.-C.; Chang, K.-H. Effects of elastic-band exercise on lower-extremity function
among female patients with osteoarthritis of the knee. Disabil. Rehabil. 2012, 34, 1727–1735. [CrossRef]

14. Rogers, M.W.; Tamulevicius, N.; Semple, S.J.; Krkeljas, Z. Efficacy of home-based kinesthesia, balance & agility exercise training
among persons with symptomatic knee osteoarthritis. J. Sports Sci. Med. 2012, 11, 751–758. [PubMed]

15. Liao, C.-D.; Tsauo, J.-Y.; Huang, S.-W.; Ku, J.-W.; Hsiao, D.-J.; Liou, T.-H. Effects of elastic band exercise on lean mass and physical
capacity in older women with sarcopenic obesity: A randomized controlled trial. Sci. Rep. 2018, 8, 2317. [CrossRef] [PubMed]

16. Uthman, O.A.; van der Windt, D.A.; Jordan, J.L.; Dziedzic, K.S.; Healey, E.L.; Peat, G.M.; Foster, N.E. Exercise for lower limb
osteoarthritis: Systematic review incorporating trial sequential analysis and network meta-analysis. BMJ 2013, 347, f5555.
[CrossRef]

17. Holden, M.A.; Button, K.; Collins, N.J.; Henrotin, Y.; Hinman, R.S.; Larsen, J.B.; Metcalf, B.; Master, H.; Skou, S.T.; Thoma, L.M.;
et al. Guidance for implementing best practice therapeutic exercise for people with knee and hip osteoarthritis: What does the
current evidence base tell us? Arthritis Care Res. 2020. [CrossRef] [PubMed]

18. Kanavaki, A.M.; Rushton, A.; Efstathiou, N.; Alrushud, A.; Klocke, R.; Abhishek, A.; Duda, J.L. Barriers and facilitators of physical
activity in knee and hip osteoarthritis: A systematic review of qualitative evidence. BMJ Open 2017, 7, e017042. [CrossRef]
[PubMed]

http://doi.org/10.1016/j.joca.2021.05.062
http://doi.org/10.1186/2052-1847-5-25
http://doi.org/10.1186/s12902-019-0434-8
http://www.ncbi.nlm.nih.gov/pubmed/31647000
http://doi.org/10.3390/nu12113355
http://www.ncbi.nlm.nih.gov/pubmed/33143306
http://doi.org/10.1159/000442721
http://www.ncbi.nlm.nih.gov/pubmed/26641646
http://doi.org/10.1136/ard.2006.065904
http://www.ncbi.nlm.nih.gov/pubmed/17204567
http://doi.org/10.1111/j.1758-8111.2011.00006.x
http://www.ncbi.nlm.nih.gov/pubmed/25586973
http://doi.org/10.1002/14651858.CD004376.pub3
http://doi.org/10.1136/bmjopen-2016-014537
http://doi.org/10.1016/j.joca.2009.08.010
http://doi.org/10.1001/jama.2013.277669
http://doi.org/10.3109/09638288.2012.660598
http://www.ncbi.nlm.nih.gov/pubmed/24150088
http://doi.org/10.1038/s41598-018-20677-7
http://www.ncbi.nlm.nih.gov/pubmed/29396436
http://doi.org/10.1136/bmj.f5555
http://doi.org/10.1002/acr.24434
http://www.ncbi.nlm.nih.gov/pubmed/32860729
http://doi.org/10.1136/bmjopen-2017-017042
http://www.ncbi.nlm.nih.gov/pubmed/29282257


Int. J. Environ. Res. Public Health 2021, 18, 7744 14 of 15

19. Phil, P.; Ellenbecker, T.S. Strength Band Training, 2nd ed.; Human Kinetics: Champaign, IL, USA, 2010.
20. Nicolson, P.J.A.; Bennell, K.L.; Dobson, F.L.; Van Ginckel, A.; Holden, M.A.; Hinman, R.S. Interventions to increase adherence to

therapeutic exercise in older adults with low back pain and/or hip/knee osteoarthritis: A systematic review and meta-analysis.
Br. J. Sports Med. 2017, 51, 791–799. [CrossRef] [PubMed]

21. Schafer, A.G.M.; Zalpour, C.; von Piekartz, H.; Hall, T.M.; Paelke, V. The efficacy of electronic health-supported home exercise
interventions for patients with osteoarthritis of the knee: Systematic review. J. Med. Internet Res. 2018, 20, e9465. [CrossRef]

22. Juhl, C.; Christensen, R.; Roos, E.M.; Zhang, W.; Lund, H. Impact of exercise type and dose on pain and disability in knee
osteoarthritis: A systematic review and meta-regression analysis of randomized controlled trials. Arthritis Rheumatol. 2014, 66,
622–636. [CrossRef]

23. Kolasinski, S.L.; Neogi, T.; Hochberg, M.C.; Oatis, C.; Guyatt, G.; Block, J.; Callahan, L.; Copenhaver, C.; Dodge, C.; Felson, D.;
et al. 2019 American college of rheumatology/arthritis foundation guideline for the management of osteoarthritis of the hand,
hip, and knee. Arthritis Rheumatol. 2020, 72, 220–233. [CrossRef]

24. Chen, S.M.; Shen, F.C.; Chen, J.F.; Chang, W.D.; Chang, N.J. Effects of resistance exercise on glycated hemoglobin and functional
performance in older patients with comorbid diabetes mellitus and knee osteoarthritis: A randomized trial. Int. J. Environ. Res.
Public Health 2019, 17, 224. [CrossRef]

25. Toda, Y.; Toda, T.; Takemura, S.; Wada, T.; Morimoto, T.; Ogawa, R. Change in body fat, but not body weight or metabolic
correlates of obesity, is related to symptomatic relief of obese patients with knee osteoarthritis after a weight control program. J.
Rheumatol. 1998, 25, 2181–2186.

26. Waller, B.; Munukka, M.; Rantalainen, T.; Lammentausta, E.; Nieminen, M.T.; Kiviranta, I.; Kautiainen, H.; Hakkinen, A.; Kujala,
U.M.; Heinonen, A. Effects of high intensity resistance aquatic training on body composition and walking speed in women with
mild knee osteoarthritis: A 4-month RCT with 12-month follow-up. Osteoarthr. Cartil. 2017, 25, 1238–1246. [CrossRef]

27. Wang, C.; Schmid, C.H.; Iversen, M.D.; Harvey, W.F.; Fielding, R.A.; Driban, J.B.; Price, L.L.; Wong, J.B.; Reid, K.F.; Rones, R.; et al.
Comparative effectiveness of tai chi versus physical therapy for knee osteoarthritis: A randomized trial. Ann. Intern. Med. 2016,
165, 77–86. [CrossRef]

28. Messier, S.P.; Loeser, R.F.; Miller, G.D.; Morgan, T.M.; Rejeski, W.J.; Sevick, M.A.; Ettinger, W.H., Jr.; Pahor, M.; Williamson, J.D.
Exercise and dietary weight loss in overweight and obese older adults with knee osteoarthritis: The arthritis, diet, and activity
promotion trial. Arthritis Rheum. 2004, 50, 1501–1510. [CrossRef] [PubMed]

29. Munugoda, I.P.; Beavers, D.P.; Wirth, W.; Aitken, D.A.; Loeser, R.F.; Miller, G.D.; Lyles, M.; Carr, J.J.; Guermazi, A.; Hunter, D.J.;
et al. The effect of weight loss on the progression of meniscal extrusion and size in knee osteoarthritis: A post-hoc analysis of the
Intensive Diet and Exercise for Arthritis (IDEA) trial. Osteoarthr. Cartil. 2020, 28, 410–417. [CrossRef] [PubMed]

30. Beavers, D.P.; Beavers, K.M.; Loeser, R.F.; Walton, N.R.; Lyles, M.F.; Nicklas, B.J.; Shapses, S.A.; Newman, J.J.; Messier, S.P. The
independent and combined effects of intensive weight loss and exercise training on bone mineral density in overweight and
obese older adults with osteoarthritis. Osteoarthr. Cartil. 2014, 22, 726–733. [CrossRef] [PubMed]

31. Davis, A.M.; Perruccio, A.V.; Canizares, M.; Hawker, G.A.; Roos, E.M.; Maillefert, J.-F.; Lohmander, L.S. Comparative, validity
and responsiveness of the HOOS-PS and KOOS-PS to the WOMAC physical function subscale in total joint replacement for
osteoarthritis. Osteoarthr. Cartil. 2009, 17, 843–847. [CrossRef] [PubMed]

32. Dobson, F.; Hinman, R.S.; Roos, E.M.; Abbott, J.H.; Stratford, P.; Davis, A.M.; Buchbinder, R.; Snyder-Mackler, L.; Henrotin, Y.;
Thumboo, J.; et al. OARSI recommended performance-based tests to assess physical function in people diagnosed with hip or
knee osteoarthritis. Osteoarthr. Cartil. 2013, 21, 1042–1052. [CrossRef] [PubMed]

33. Alghadir, A.; Anwer, S.; Brismee, J.M. The reliability and minimal detectable change of timed up and go test in individuals with
grade 1-3 knee osteoarthritis. BMC Musculoskelet Disord 2015, 16, 1–7. [CrossRef] [PubMed]

34. World Medical Association. World medical association declaration of Helsinki: Ethical principles for medical research involving
human subjects. JAMA 2013, 310, 2191–2194. [CrossRef] [PubMed]

35. Kohn, M.D.; Sassoon, A.A.; Fernando, N.D. Classifications in brief: Kellgren-lawrence classification of osteoarthritis. Clin. Orthop.
Relat. Res. 2016, 474, 1886–1893. [CrossRef]

36. Arendt-Nielsen, L.; Nie, H.; Laursen, M.B.; Laursen, B.S.; Madeleine, P.; Simonsen, O.H.; Graven-Nielsen, T. Sensitization in
patients with painful knee osteoarthritis. Pain 2010, 149, 573–581. [CrossRef]

37. Arab, A.; Askari, G.; Golshiri, P.; Feizi, A.; Hekmatnia, A.; Iraj, B.; Nourian, M. The effect of a lifestyle modification education on
adiposity measures in overweight and obese nonalcoholic fatty liver disease patients. Int. J. Prev. Med. 2017, 8, 10. [PubMed]

38. Lee, L.C.; Hsu, P.S.; Hsieh, K.C.; Chen, Y.Y.; Chu, L.P.; Lu, H.K.; Chiu, Y.C.; Li, L.; Lai, C.L. Standing 8-electrode bioelectrical
impedance analysis as an alternative method to estimate visceral fat area and body fat mass in Athletes. Int. J. Gen. Med. 2021, 14,
539–548. [CrossRef]

39. Escobar, A.; Quintana, J.; Bilbao, A.; Arostegui, I.; Lafuente, I.; Vidaurreta, I. Responsiveness and clinically important differences
for the WOMAC and SF-36 after total knee replacement. Osteoarthr. Cartil. 2007, 15, 273–280. [CrossRef]

40. Collins, N.J.; Misra, D.; Felson, D.T.; Crossley, K.M.; Roos, E.M. Measures of knee function: International knee documentation
committee (IKDC) subjective knee evaluation form, knee injury and osteoarthritis outcome score (KOOS), knee injury and
osteoarthritis outcome score physical function short form (KOOS-PS), knee outcome survey activities of daily living scale
(kos-adl), lysholm knee scoring scale, oxford knee score (OKS), western ontario and McMaster universities osteoarthritis index
(WOMAC), activity rating scale (ARS), and tegner activity score (TAS). Arthritis Care Res. 2011, 63, S208–S228.

http://doi.org/10.1136/bjsports-2016-096458
http://www.ncbi.nlm.nih.gov/pubmed/28087567
http://doi.org/10.2196/jmir.9465
http://doi.org/10.1002/art.38290
http://doi.org/10.1002/art.41142
http://doi.org/10.3390/ijerph17010224
http://doi.org/10.1016/j.joca.2017.02.800
http://doi.org/10.7326/M15-2143
http://doi.org/10.1002/art.20256
http://www.ncbi.nlm.nih.gov/pubmed/15146420
http://doi.org/10.1016/j.joca.2020.01.006
http://www.ncbi.nlm.nih.gov/pubmed/32014493
http://doi.org/10.1016/j.joca.2014.04.002
http://www.ncbi.nlm.nih.gov/pubmed/24742955
http://doi.org/10.1016/j.joca.2009.01.005
http://www.ncbi.nlm.nih.gov/pubmed/19215728
http://doi.org/10.1016/j.joca.2013.05.002
http://www.ncbi.nlm.nih.gov/pubmed/23680877
http://doi.org/10.1186/s12891-015-0637-8
http://www.ncbi.nlm.nih.gov/pubmed/26223312
http://doi.org/10.1001/jama.2013.281053
http://www.ncbi.nlm.nih.gov/pubmed/24141714
http://doi.org/10.1007/s11999-016-4732-4
http://doi.org/10.1016/j.pain.2010.04.003
http://www.ncbi.nlm.nih.gov/pubmed/28299034
http://doi.org/10.2147/IJGM.S281418
http://doi.org/10.1016/j.joca.2006.09.001


Int. J. Environ. Res. Public Health 2021, 18, 7744 15 of 15

41. Basaran, S.; Guzel, R.; Seydaoglu, G.; Guler-Uysal, F. Validity, reliability, and comparison of the WOMAC osteoarthritis index and
Lequesne algofunctional index in Turkish patients with hip or knee osteoarthritis. Clin. Rheumatol. 2010, 29, 749–756. [CrossRef]

42. Wright, A.A.; Cook, C.E.; Baxter, G.D.; Dockerty, J.D.; Abbott, J.H. A comparison of 3 methodological approaches to defining
major clinically important improvement of 4 performance measures in patients with hip osteoarthritis. J. Orthop. Sports Phys.
Ther. 2011, 41, 319–327. [CrossRef] [PubMed]

43. Mihalko, S.L.; Cox, P.; Beavers, D.P.; Miller, G.D.; Nicklas, B.J.; Lyles, M.; Hunter, D.J.; Eckstein, F.; Guermazi, A.; Loeser, R.F.;
et al. Effect of intensive diet and exercise on self-efficacy in overweight and obese adults with knee osteoarthritis: The IDEA
randomized clinical trial. Transl. Behav. Med. 2019, 9, 227–235. [CrossRef]

44. Lee, S.; Lee, D.K. What is the proper way to apply the multiple comparison test? Korean J. Anesthesiol. 2020, 73, 572. [CrossRef]
45. Lakens, D. Calculating and reporting effect sizes to facilitate cumulative science: A practical primer for t-tests and ANOVAs.

Front. Psychol. 2013, 4, 863. [CrossRef] [PubMed]
46. Hunter, D.; Beavers, D.; Eckstein, F.; Guermazi, A.; Loeser, R.F.; Nicklas, B.; Mihalko, S.; Miller, G.; Lyles, M.; DeVita, P. The

intensive diet and exercise for arthritis (IDEA) trial: 18-month radiographic and MRI outcomes. Osteoarthr. Cartil. 2015, 23,
1090–1098. [CrossRef] [PubMed]

47. Christensen, P.; Henriksen, M.; Bartels, E.M.; Leeds, A.R.; Meinert Larsen, T.; Gudbergsen, H.; Riecke, B.F.; Astrup, A.; Heitmann,
B.L.; Boesen, M. Long-term weight-loss maintenance in obese patients with knee osteoarthritis: A randomized trial. Am. J. Clin.
Nutr. 2017, 106, 755–763. [CrossRef] [PubMed]

48. Riecke, B.F.; Christensen, R.; Christensen, P.; Leeds, A.R.; Boesen, M.; Lohmander, L.S.; Astrup, A.; Bliddal, H. Comparing two
low-energy diets for the treatment of knee osteoarthritis symptoms in obese patients: A pragmatic randomized clinical trial.
Osteoarthr. Cartil. 2010, 18, 746–754. [CrossRef] [PubMed]

49. Luppino, F.S.; de Wit, L.M.; Bouvy, P.F.; Stijnen, T.; Cuijpers, P.; Penninx, B.W.; Zitman, F.G. Overweight, obesity, and depression:
A systematic review and meta-analysis of longitudinal studies. Arch. Gen. Psychiatry 2010, 67, 220–229. [CrossRef]

50. Hall, M.; Castelein, B.; Wittoek, R.; Calders, P.; Van Ginckel, A. Diet-induced weight loss alone or combined with exercise in
overweight or obese people with knee osteoarthritis: A systematic review and meta-analysis. Semin. Arthritis Rheum. 2019, 48,
765–777. [CrossRef]

51. Fukumoto, Y.; Tateuchi, H.; Ikezoe, T.; Tsukagoshi, R.; Akiyama, H.; So, K.; Kuroda, Y.; Ichihashi, N. Effects of high-velocity
resistance training on muscle function, muscle properties, and physical performance in individuals with hip osteoarthritis: A
randomized controlled trial. Clin. Rehabil. 2014, 28, 48–58. [CrossRef]

52. Rogers, M.W.; Tamulevicius, N.; Coetsee, M.F.; Curry, B.F.; Semple, S.J. Knee osteoarthritis and the efficacy of kinesthesia, balance
& agility exercise training: A pilot study. Int. J. Exerc. Sci. 2011, 4, 124–132.

53. Lacroix, A.; Kressig, R.W.; Muehlbauer, T.; Gschwind, Y.J.; Pfenninger, B.; Bruegger, O.; Granacher, U. Effects of a supervised
versus an unsupervised combined balance and strength training program on balance and muscle power in healthy older adults:
A randomized controlled trial. Gerontology 2016, 62, 275–288. [CrossRef] [PubMed]

54. Toft-Petersen, A.P.; Tilsted, H.H.; Aarøe, J.; Rasmussen, K.; Christensen, T.; Griffin, B.A.; Aardestrup, I.V.; Andreasen, A.;
Schmidt, E.B. Small dense LDL particles-a predictor of coronary artery disease evaluated by invasive and CT-based techniques: A
case-control study. Lipids Health Dis. 2011, 10, 21. [CrossRef] [PubMed]

55. Choi, H.; Shim, J.-S.; Lee, M.H.; Yoon, Y.M.; Choi, D.P.; Kim, H.C. Comparison of formulas for calculating low-density lipoprotein
cholesterol in general population and high-risk patients with cardiovascular disease. Korean Circ. J. 2016, 46, 688–698. [CrossRef]
[PubMed]

56. Kim, H.-S.; Kim, D.-G. Effect of long-term resistance exercise on body composition, blood lipid factors, and vascular compliance
in the hypertensive elderly men. J. Exerc. Rehabil. 2013, 9, 271–277. [CrossRef] [PubMed]

57. Sacks, F.M.; Lichtenstein, A.H.; Wu, J.H.; Appel, L.J.; Creager, M.A.; Kris-Etherton, P.M.; Miller, M.; Rimm, E.B.; Rudel, L.L.;
Robinson, J.G. Dietary fats and cardiovascular disease: A presidential advisory from the American Heart Association. Circulation
2017, 136, e1–e23. [CrossRef] [PubMed]

58. Du, J.Y.; Sivasundaram, L.; Trivedi, N.N.; Voos, J.E.; Victoroff, B.N. Obesity is preferentially associated with patellofemoral
compartment wear: A magnetic resonance imaging assessment. J. Am. Acad. Orthop. Surg. 2021, 29, e722–e731. [CrossRef]

59. Messier, S.P.; Beavers, D.P.; Mihalko, S.L.; Miller, G.D.; Lyles, M.F.; Hunter, D.J.; Carr, J.J.; Eckstein, F.; Guermazi, A.; Loeser, R.F.;
et al. The effects of intensive dietary weight loss and exercise on gait in overweight and obese adults with knee osteoarthritis.
The intensive diet and exercise for arthritis (IDEA) trial. J. Biomech. 2020, 98, 109477. [CrossRef]

60. Coppini, L.Z.; Waitzberg, D.L.; Campos, A.C. Limitations and validation of bioelectrical impedance analysis in morbidly obese
patients. Curr. Opin. Clin. Nutr. Metab. Care 2005, 8, 329–332. [CrossRef]

61. Marra, M.; Sammarco, R.; De Lorenzo, A.; Iellamo, F.; Siervo, M.; Pietrobelli, A.; Donini, L.M.; Santarpia, L.; Cataldi, M.; Pasanisi,
F.; et al. Assessment of body composition in health and disease using bioelectrical impedance analysis (BIA) and dual energy
X-ray absorptiometry (DXA): A critical overview. Contrast Media Mol. Imaging 2019, 2019, 1–9. [CrossRef]

http://doi.org/10.1007/s10067-010-1398-2
http://doi.org/10.2519/jospt.2011.3515
http://www.ncbi.nlm.nih.gov/pubmed/21335930
http://doi.org/10.1093/tbm/iby037
http://doi.org/10.4097/kja.d.18.00242.e1
http://doi.org/10.3389/fpsyg.2013.00863
http://www.ncbi.nlm.nih.gov/pubmed/24324449
http://doi.org/10.1016/j.joca.2015.03.034
http://www.ncbi.nlm.nih.gov/pubmed/25887362
http://doi.org/10.3945/ajcn.117.158543
http://www.ncbi.nlm.nih.gov/pubmed/28747328
http://doi.org/10.1016/j.joca.2010.02.012
http://www.ncbi.nlm.nih.gov/pubmed/20206314
http://doi.org/10.1001/archgenpsychiatry.2010.2
http://doi.org/10.1016/j.semarthrit.2018.06.005
http://doi.org/10.1177/0269215513492161
http://doi.org/10.1159/000442087
http://www.ncbi.nlm.nih.gov/pubmed/26645282
http://doi.org/10.1186/1476-511X-10-21
http://www.ncbi.nlm.nih.gov/pubmed/21262005
http://doi.org/10.4070/kcj.2016.46.5.688
http://www.ncbi.nlm.nih.gov/pubmed/27721861
http://doi.org/10.12965/jer.130010
http://www.ncbi.nlm.nih.gov/pubmed/24278871
http://doi.org/10.1161/CIR.0000000000000510
http://www.ncbi.nlm.nih.gov/pubmed/28620111
http://doi.org/10.5435/JAAOS-D-20-00596
http://doi.org/10.1016/j.jbiomech.2019.109477
http://doi.org/10.1097/01.mco.0000165013.54696.64
http://doi.org/10.1155/2019/3548284

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Participants 
	Interventions 
	Diet Control Group 
	Elastic Band Resistance Exercise Group 
	Combined Group 

	Outcome Measures 
	Primary Outcomes 
	Secondary Outcomes 

	Statistical Analyses 

	Results 
	Study Flow for Participants 
	Primary Outcomes 
	Body Composition Analysis 
	WOMAC Analysis 

	Secondary Outcomes 
	Blood Biochemical Analysis 
	TUG Test 


	Discussion 
	Conclusions 
	References

