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ABSTRACT
Introduction: With a rapidly ageing population,
sarcopenic obesity, defined as decreased muscle mass
and function combined with increased body fat, is a
complex health problem. Although sarcopenic obesity
contributes to a decline in physical function and
exacerbates frailty in older adults, evidence from clinical
trials about the effect of exercise and nutrition on this
complex syndrome in Chinese older adults is lacking.
Methods and analysis: We devised a study protocol
for a single-blind randomised controlled trial. Sarcopenia
is described as age-related decline in muscle mass plus
low muscle strength and/or low physical performance.
Obesity is defined as a percentage of body fat above the
60th centile.
Ninety-two eligible participants will be randomly
assigned to a control group, nutrition group, exercise
group and nutrition plus exercise group to receive an
8-week intervention and 12-week follow-up. The primary
outcomes will be the change in short physical
performance battery scores, grip strength and 6 m usual
gait speed. The secondary outcomes will include basic
activities of daily living scores, instrumental activity daily
living scores, body composition and body
anthropometric indexes. For all main analyses, the
principle of intention-to-treat will be used.
Ethics and dissemination: This study was
approved by the medical ethics committee of
Zhejiang Hospital on 25 November 2015. The study
will present data targeting the clinical effects of nutrition
and exercise on physical function and body composition
in a Chinese older population with sarcopenic obesity.
The results will help to provide important clinical
evidence of the role of complex
non-pharmaceutical interventions for sarcopenic obese
older people. The findings of this study will be
submitted to peer-reviewed medical journals for
publication and presented at relevant academic
conferences.
Trial registration number: ChiCTR-IOR-15007501;
Pre-results.

INTRODUCTION
Age-related physiology changes in body com-
position occur that are characterised by loss
of muscle mass and the presence of excess fat.
Sarcopenic obesity is a complex health
problem, with coexisting sarcopenia
(decreased muscle mass and function) and
obesity (increased body fat) in the same older
adult.1 Previous research has reported the
prevalence of sarcopenic obesity as between
4% and 50% in older adults.2–6 It is estimated
that the number of the older adults in China
will exceed 400 million by the year 2050,
accounting for roughly one-third of the popu-
lation.7 Clearly, the prevalence of sarcopenic
obesity will continue to rise rapidly as the
population ages. Sarcopenia and obesity may
interact, and synergistically cause negative
health outcomes, such as increased preva-
lence of chronic diseases and functional
decline, which result in frailty, poor quality of
life, physical disability and death.2 8–12

Previous studies have focused separately on
the roles of exercise and nutrition in target-
ing sarcopenia or obesity, but fewer studies

Strengths and limitations of this study

▪ This will be the first single-blind, randomised
controlled trial examining the effectiveness of
comprehensive and multicomponent interven-
tions on sarcopenic obesity in a Chinese older
population.

▪ Objective and subjective measures of physical
function will both be assessed.

▪ A limitation of the study is that broader infer-
ences cannot be drawn owing to the character-
istics of the study sample.
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has been made of sarcopenic obesity.13–15 For sarcopenic
obese elderly people, it is of utmost importance for
interventions to maintain muscle mass and function as
well as reduce excess fat.
As already reported, caloric restriction in obese

elderly people reduced fat but led to loss of muscle
mass, and therefore increased the risk of sarcopenia.16 17

Such repeated, long-term loss of muscle mass may have
harmful effects by impairing physical function and
exacerbating frailty.18 Diet protein supplementation and
exercise may have a positive effect on maintaining
muscle mass and strength in older adults, and protect
against sarcopenia and frailty.19–22

In addition, evidence from intervention studies
showed that exercise was beneficial for preventing and
treating sarcopenia and obesity.13 23–25 A recent study
conducted by Gadelha et al25 showed that resistance
training might improve phenotypes related to sarcopenic
obesity in older women.
Accordingly, given that inactivity and inappropriate

food consumption are two important behavioural factors
contributing to the development of sarcopenic obesity, it
would not be surprising if combined exercise and nutri-
tion interventions improved physical function to a
greater extent than exercise or nutrition alone.15 25–28

For obese and frail older adults, complex intervention
combining different exercise elements and a weight-loss
diet had positive effects on body weight and physical
function. One study reported that function increased by
21% from baseline in the group receiving combined
treatment, whereas for the exercise-only group and the
weight-loss-only group the increase was 15% and 12%,
respectively.15

This study protocol aims at exploring the independent
and combined effects of nutrition and exercise interven-
tions on physical performance and body composition in
older people with sarcopenic obesity, which is a signifi-
cant contributor to the decline in physical function.
Additionally, we will examine the effects of potential
factors on the long-term response to different
treatments.

METHODS AND DESIGN
Design
The study is a single-blind randomised clinical trial. The
trial will be performed in Zhejiang Hospital in accord-
ance with the Consolidated Standards of Reporting
Trials (CONSORT) statement.29 The protocol was regis-
tered in the Chinese Clinical Trial Registry
ChiCTR-IOR-15007501. Approval for the study was
granted by the medical ethical committee of Zhejiang
Hospital. Information about the study protocol, includ-
ing the objectives, procedures, possible benefits and
risks, will be provided at the beginning of the study and
written informed consent will be obtained from each
study participant. A flow diagram of the study design is
presented in figure 1.

Participants
All 92 participants will be recruited through advertise-
ment in the geriatric ward or clinic of Zhejiang
Hospital. All potential participants will undergo compre-
hensive medical screening to confirm eligibility based
on the following inclusion and exclusion criteria.
Inclusion criteria are as follows:
1. age ≥65 years;
2. diagnosis in accordance with the consensus for sarco-

penia diagnosis by the Asian Working Group for
Sarcopenia:30 low muscle mass plus low muscle
strength and/or low physical performance; the
cut-off values are shown in table 1;

3. obesity as defined by Baumgartner et al2: percentage
of total body fat greater than the 60th centile of the
study reference group; the cut-off values of obesity
are 26.3% in men and 33.2% in women in reference
to previous results;

4. volunteer to sign informed consent;
5. in a stable chronic disease state.

Participants with any of the following conditions will
be excluded:
1. taking nutritional supplements regularly or partaking

in other clinical trials within the past 3 months;
2. having had an acute infection or acute cerebral

organic disease in the past 6 months;
3. being equipped with a pacemaker;
4. having a serious heart disease, severe haemodynamic

instability, severe bradycardia and tachycardia at rest;
5. having renal failure (creatinine clearance rate

≤60 mL/min/1.73 m2);
6. having severe cognitive impairment (Mini-Mental

State Examination ≤17) or extremity disability,
unable to complete gait speed and grip strength
measurement;

7. having difficulty in swallowing or with oral intake;
8. having recently undergone major surgery or extrem-

ity surgery, unsuitable for taking part in the exercise
intervention;

9. judged by the clinicians to be unsuitable to take part
in the study for medical reasons.

Randomisation, allocation concealment and blinding
After initial assessment, a total of 92 eligible subjects
will be randomly allocated into one of four groups in a
ratio of 1:1:1:1 according to a computer-generated
randomisation list. The allocation sequence will be
concealed in sealed opaque envelopes, which will not be
opened until the baseline assessment has been
completed. The participants will be blinded to the
group allocation (but not blinded to the programme
they are taking part in), and will receive an 8-week inter-
vention and a 12-week follow-up. Moreover, a trained
geriatric nurse will assess the intervention outcome and
a professional will perform the statistical analysis; both
of them will be blinded to the group assignment of
study participants.
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Interventions
For this 20-week study, the participants will be randomly
assigned to the following four groups: a group who will
continue with their daily diet and exercise habits, and
will be instructed not to participate in a nutrition or
exercise programme (control group); a group who will
follow a nutrition programme, with energy restriction
and high-quality protein intake (nutrition group); a
group who will follow an exercise programme, including
flexibility exercise, aerobic exercise, balance and pro-
gressive resistance training (PRT) (exercise group) and
a group who will follow both the nutrition and exercise
programmes (nutrition plus exercise group).

Control group
Participants in the control group will not receive any
advice about changing their usual diet or physical activ-
ity habits during the study period, and will be instructed
not to participate in any nutrition or exercise pro-
gramme. They will receive telephone calls or face-to-face
interviews once a week. During these weekly visits,
health problems, functional problems and medication
use will be recorded by a trained researcher. At the same
time, the researcher will reinforce the obligation to
maintain their usual diet and activity habits.

Nutrition intervention programme
Prior studies reported that a nutrition programme with
a moderate energy restriction of 500–750 kcal/day, while
assuring a daily protein intake of 1.0–1.5 g/kg and
appropriate intake of micronutrients, was advisable and
seemed to be beneficial in the treatment of sarcopenic
obesity in older people.27 31 In this study, at first, a spe-
cialised dietician will calculate the daily energy require-
ment of each participant according to his/her
characteristics and daily physical activity. Participants in
the nutrition group will be provided with a diet with an
energy deficit of 500 kcal/day based on their daily
energy requirement. This nutrition programme contains
approximately 1.2 g of high-quality protein per kilogram
of body weight per day, 20–30% of energy from intake
of fats and appropriate intake of micronutrients. Each
participant will be instructed to complete a food diary,
and meet weekly with a dietitian for adjustments of the
nutrition programme.

Exercise intervention programme
Participants assigned to the exercise intervention pro-
gramme will be instructed by an experienced physical
therapist (PT). The programme, consisting of 10 min of
flexibility exercise, 20 min aerobic exercise, 10 min

Figure 1 Flow diagram of study

design.
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balance training and 20 min PRT in sequence, will be
for 8 weeks, with 60-min sessions three times a week.
Each exercise session will begin with 3–5 min warm-up
involving elastic bands, stretching exercise and cycle erg-
ometer. During the exercise sessions, blood pressure
and heart rate will be measured by a portable ambula-
tory ECG monitor, and fear of falling and rating of per-
ceived exertion32 will be self-reported. The PT will adjust
the intensity of exercise according to the above objective
and subjective measures.
The flexibility exercise will be performed at a moderate

intensity of stretching activities for the neck, shoulder,
elbow, wrist, hip, knee and ankle. Aerobic exercise will be
performed at a moderate and high intensity of exercise
using a cycle ergometer. The PTwill prescribe a cycle erg-
ometer at 60–80% of the age-predicted maximum heart
rate as recommended by the American College of Sports
Medicine (200−age)×(60 to 80%) as exercise therapy for
cardiovascular diseases. Balance exercise will include feet
in a side-by-side stance, semi-tandem stance, tandem
stance, tandem walk, backward walking, standing from a
sitting position and standing with eyes closed. PRT will
comprise lower extremity exercise with an elastic band
for stretching and squatting and upper extremity exercise
with lifting of dumbbells. One repetition maximum
(1-RM) for each participant will be evaluated before the
PRT session, and will be performed every 4 weeks.
Exercises will be performed with one or two sets of

8–12 repetitions using 65% of their 1-RM in the prelim-
inary stage of training, and then gradually increasing the
intensity to two to three sets of 6–8 repetitions at 80% of
1-RM. A minimum frequency of 75% of exercise inter-
vention will be adopted and, finally, the effect analysed.
If a participant has any uncomfortable symptoms or
adverse events during the exercise session, the PT will
immediately stop that session and take action accord-
ingly, then re-evaluate the participant’s overall health
and determine whether to continue the programme. At
the same time, the PT will give researchers and the
ethics committee feedback.

Baseline assessments
Physical function
The Chinese version of the short physical performance
battery (SPPB) is used to assess physical performance,
comprising 4 m at usual pace gait, chair stand test and

three standing balance tests (side-by-side stance, semi-
tandem stance and tandem stance).33 The SPPB score
ranges from 0 to 12, and a score >8 indicates good phys-
ical performance. Grip strength is measured three times
to assess muscle strength every 5 min using a hand dyna-
mometer, with the participants sitting straight with
elbows at a 90° angle.34 The maximum of the three trials
will be used for the final analysis. A 6 m usual gait speed
is also timed by a stopwatch, indicating current physical
performance. In addition, a basic activities of daily living
score35 measured with the Barthel Index and an instru-
mental activities of daily living score36 are used to evalu-
ate daily functional status through special questionnaires.

Body composition
Body composition is measured to evaluate segmental
body fat and muscle mass by a bioelectrical impedance
analysis method (Inbody 230, Biospace, Seoul, Korea).37

First, all participants will be asked to fast for at least
2 hours, urinate, defecate, and then stand for about
5 min before measurement. Second, all participants will
remove their shoes and socks, and wear light clothing,
then stand on the device while body weight is measured.
Third, the participants’ age, sex and height will be
entered into the bioelectrical impedance analysis device.
Finally, impedance will be measured with the participant
standing still and holding the handles that are slightly
abducted. Thereafter, details of total and segmental
(arms, legs and trunk) body fat (kg), total body fat per-
centage (%), total and segmental muscle mass (kg) and
fat-free mass (kg) will be output. From the above data,
appendicular skeletal muscle mass (ASM, kg) and
height-adjusted ASM (ASM/height2, kg/m2) will be cal-
culated. ASM is defined as the sum of the muscle mass
of four limbs. The 60th centile of total body fat percent-
age reflects the current degree of fat accumulation. The
cut-off values are listed in table 1.
Additionally, body anthropometric indexes include

body weight (kg), body height (m), calf circumference
(cm), upper arm circumference (cm) and waist-to-hip
ratio. The body mass index (kg/m2) is calculated as
body weight divided by body height squared.

Blood examination
Venous blood samples will be collected after a 12-hour
overnight fast and all the samples will be measured in

Table 1 Cut-off values of sarcopenia by AWGS

Assessment content Assessment method Cut-off values

Low muscle mass Height-adjusted appendicular skeletal

muscle mass (ASM/height2, kg/m2)

Bioelectrical impedance

analysis

Men: 7.0 kg/m2; women:

5.7 kg/m2

Low muscle strength Grip strength Hand dynamometer Men: <26 kg;

women: <18 kg

Low physical

performance

Usual gait speed 6 m usual gait speed ≤0.8 m/s

ASM, appendicular skeletal muscle mass; AWGS, Asian Working Group for Sarcopenia.
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the experiment department of Zhejiang Hospital.
Haemoglobin will be determined by a spectrophotomet-
ric method. Fasting blood glucose will be assessed using
the glucose oxidase method. Bromocresol green
method will be used to measure albumin level. Total
cholesterol, triglyceride, low-density lipoprotein choles-
terol and high-density lipoprotein cholesterol will be
measured in serum samples quantitatively by the cyclo-
phorase method using an Olympus AU 5400 auto bio-
chemistry analyser. Serum 25-hydroxyvitamin D will be
tested by an electrochemiluminescence method using a
Roche 6000 device. Serum transferrin will be deter-
mined using immunonephelometry. A turbidimetric
latex agglutination method will be used to determine
serum hypersensitive C-reactive protein.

Assessment of adverse events
At each visit during the trial, study participants will be
asked to report any expected or unexpected adverse
events. The evaluator will confirm the validity of the
adverse events and then record details of the date of
occurrence, the seriousness of the event, the causal rela-
tionship between the event and the intervention and
possible treatments for it. If any adverse event occurs
during the intervention, the researchers will immedi-
ately discontinue the programme and treat the event.
The relevant records will be immediately conveyed to
the ethics committee. The ethics committee will deter-
mine whether or not to revise the study protocol or
remove the participants from the trial.

Adherence assessment
Adherence to the intervention, including intervention
programme completion and satisfaction, will be
recorded. If the study participants have poor compliance
with the programme, the evaluator will record the
reasons for this.

Follow-up assessments
All baseline assessments will be repeated on weeks 8 and
20, with the exception of demographic data which will
be assessed only at baseline.

Outcome measures
The primary outcomes consist of the longitudinal
changes in SPPB scores, grip strength and 6 m usual gait
speed in the groups at the three assessment points. The
changes of basic activities of daily living scores, instru-
mental activities of daily living scores, body composition
and body anthropometric indexes will be the secondary
outcomes of this study. In addition, the above-mentioned
venous blood samples are also outcome evaluation
indexes.

Quality control
To ensure reliability and consistency of the data, a series
of quality control measures will be implemented. First,
all staff will be required to receive standardisation

training before implementation of the study. Case
screening and recruitment, inclusion and exclusion cri-
teria, intervention methods, outcome assessments and
data management will be included in the training pro-
gramme. Second, all data will be collected and recorded
on a printed case report form. Third, the quality super-
visor will periodically review data from the ongoing
study, and then provide feedback to the staff on the
steering committee. The staff will make some modifica-
tions after personally verifying the related reasons.
Fourth, details of withdrawals from the study will be
recorded during the intervention and follow-up periods.

Sample size
Based on a mean difference between groups in the
score of 1.0 point, with a SD of 1.2 in previous studies,
we estimated using PASS V.11 software that each group
should comprise 20 participants in order to obtain a stat-
istical power of 80% at an α level of 5%. Then allowing
for the possibility of 15% missing subjects, we calculated
the final sample size of each group should be 23.

Statistical analysis
The variables will be analysed using SPSS V.18.0 software
(SPSS, Chicago, Illinois, USA). Continuous variables with
a normal distribution will be shown as the mean and SD
and those with an abnormal distribution will be pre-
sented as the median and IQR. Categorical variables will
be expressed as a percentage or constituent ratio. For
baseline characteristics, a one-way analysis of variance
(for normally distributed continuous data), a χ2 test
(for categorical data) and an independent sample of
the Kruskal–Wallis test (for abnormally distributed con-
tinuous data) will be used to compare the statistical dif-
ference between groups. Longitudinal changes between
groups will be evaluated using the principle of
intention-to-treat analysis, and missing data will be
imputed by the last-observation-carried-forward
approach. Mixed-model repeated-measures analysis of
variance with adjustment for baseline characteristics will
be performed for different measurement time points
between groups, and interaction between groups and
measurement time. All significance tests will be two-
tailed, and p values of <0.05 will be assumed to be statis-
tically significant.

Dissemination
Study participants, healthcare professionals and other
relevant groups in China will be informed of the results
of this study. The results will be published in peer-
reviewed medical journals and presented at relevant aca-
demic conferences, whether the findings are in accord-
ance with the expected results or not.

DISCUSSION
There is insufficient evidence from clinical trials about
the complex syndrome of sarcopenic obesity to guide
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the clinical care of this population. This study will
provide insight into the independent and synergistic
effects of nutrition and exercise on physical function
and body composition in Chinese older adults with sar-
copenic obesity. If our hypothesis proves to be correct,
both nutrition and exercise interventions will be effect-
ive, and the combined interventions will lead to better
physical performance than either intervention alone.
This intervention programme will offer important clin-
ical evidence for the efficacy of complex non-
pharmaceutical interventions for sarcopenic obesity, and
will conduce to preserving independent function and a
high quality of life for older people, thereby helping to
alleviate the burden of an ageing population to society.
The strength of this study is its single-blind, rando-

mised, controlled design. Thus, the findings will be
applicable in geriatric clinical practice. In addition, we
adopt comprehensive and multicomponent interven-
tions in order to ensure a high rate of acceptance and
adherence to interventions. Moreover, objective and sub-
jective measures of physical function will be assessed
during the study, because we cannot ignore the fact that
subjective cognition plays an important role in any
intervention.
However, this study also has several potential limita-

tions. First, it is confined to older adults with sarcopenic
obesity, and thus the results ought to be valid only for
this population. Second, the study population is old and
frail with many chronic diseases, and as a result is vulner-
able to adverse events such as fall, fracture and cardio-
cerebral vascular incident. Finally, this study has a
relatively small sample, and therefore may limit broader
inferences from the results. Further studies with a larger
sample are needed to increase the power of the study.
To the best of our knowledge, this is the first rando-

mised clinical trial targeting sarcopenic obesity in a
Chinese older population that focuses on the effects of
nutrition and exercise on physical function and body
composition.
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