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Abstract 

Background Nutrition and exercise are important interventions for sarcopenia. There were few studies on oral 
oligopeptide nutrition preparations combined with exercise to intervene in the older people with sarcopenia. The aim 
of this study was to verify the effectiveness of oligopeptide nutrition preparation combined with exercise intervention 
on the older people with sarcopenia in community.

Methods A total of 219 subjects aged 65 years or older with sarcopenia were randomly divided into 4 groups. The 
nutrition group (n = 58) was given individualized nutrition education and oral oligopeptide nutrition preparation. 
The exercise group (n = 50) received exercise intervention. The combined group (n = 52) received both oral nutrition 
preparation and exercise interventions. The control group (n = 59) only received individualized nutrition education. 
The nutrition preparation can provide energy 185kcal and protein 24.2g per day. The exercise intervention includ-
ing warm-up exercise, resistance exercise and aerobic exercise, the training time was 60min for 5 times every week. 
The intervention lasted for 16 weeks. Hand grip strength, gait speed, body composition and hematology parameters 
were measured before and after intervention.

Results A total of 159 subjects completed the study. Compared with baseline, the left grip strength and 6-m walk-
ing speed of the subjects in nutrition group increased significantly after the intervention, and the grip strength 
of both hands in exercise group and combined group increased significantly. The body weight of the subjects 
in nutrition group, exercise group and combined group increased significantly after intervention, but no increase 
in soft lean mass (SLM) and skeletal muscle mass (SMM) was observed in any of the four groups. The fat-free mass 
(FFM) of the legs of the control group, exercise group and nutrition group decreased after intervention, and only the 
FFM of the legs of the combined group maintained the level before the intervention.

Conclusion Both oral peptide nutrition and exercise interventions can improve the muscle strength or function 
of the older people with sarcopenia. However, there were no increases in muscle mass observed.
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Background
Sarcopenia was defined as age-related loss of muscle 
mass, plus low muscle strength, and/or low physical 
performance [1]. Data have shown that the prevalence 
of sarcopenia in the older population over 65 years in 
Asia is about 5.5%—25.7% [2]. The prevalence of sarco-
penia in older adults in China was approximately 18% 
in men and 16.4% in women [3]. It is expected that by 
2050, the number of people over 65  years old in China 
will increase to 366 million. The severe aging trend has 
increased the attention given to age-related diseases such 
as sarcopenia.

Sarcopenia may increase the incidence of falls and frac-
tures in the older population, increase the risk of disabil-
ity [4], seriously affect the quality of life and health status, 
and impose a heavy burden on the health care system and 
society [5]. Exercise and nutrition are important inter-
ventions for sarcopenia [2, 6]. Available evidence suggests 
that interventions which included resistance exercise 
plus nutritional supplements can significantly increase 
physical function, muscle mass and strength [2].

Regular activity especially resistance exercise is essen-
tial for healthy aging and offers a range of health bene-
fits [7], but older people have difficulty achieving or not 
achieve 150 min of physical activity per week recom-
mended activity level to maintain or improve health-
related levels of physical fitness. Therefore, it is crucial 
to find safe and effective exercise methods and carry out 
sustainable exercise intervention for older population [8].

In studies on nutritional intervention for older peo-
ple with sarcopenia, the most commonly used protein 
sources include whey protein, casein and soy protein. 
Compared with proteins, oligopeptides have faster trans-
port speed and lower energy consumption, can eliminate 
absorption competition with free amino acids, and have 
higher digestibility and utilization.

In this study, the older people with sarcopenia 
recruited from rural areas in Chengdu, Sichuan Province, 
were randomly divided into 4 groups. Exercise and nutri-
tion intervention were given to observe the changes in 
muscle strength, muscle quality and activity ability. The 
intervention preparation used in the study was a com-
pound enteral nutrition preparation with oligopeptide as 
the main protein source. The purpose of this study was to 
verify the effectiveness of compound oligopeptide enteral 
nutrition preparation alone or in combination with exer-
cise in the older population with sarcopenia.

Method
Study design
This is a multicenter randomized controlled study. A 
total of 219 older people with sarcopenia were ran-
domly divided into 4 groups: the control group was given 

individualized nutrition education provided by profes-
sional dietitians; the nutrition group was given nutrition 
education and oral enteral nutrition preparations rich 
in oligopeptides; the exercise group received exercise 
intervention and nutrition education; and the combined 
group received both nutrition and exercise intervention. 
The intervention lasted for 16 weeks. A 24-h dietary sur-
vey was conducted at the baseline and end of the inter-
vention. Muscle strength, physical function and body 
composition were measured before and after the inter-
vention, and fasting blood samples were collected for 
hematological examination, such as routine blood tests, 
fasting blood glucose, blood lipids and liver and kidney 
function. The study was carried out in the health centers 
of the community. A total of 219 subjects were included 
in the project, and the flow chart of the experiment is 
shown in Fig. 1. Due to the exercise intervention used in 
this study, the subjects and researchers were not blinded.

This study was approved by the Ethics Committee on 
Biomedical Research, West China Hospital of Sichuan 
University and registered at https:// www. chictr. org. cn/ 
(ChiCTR2100052135). All participants provided written 
informed consent.

Outcomes
The primary outcome was the change in grip strength 
and 6-m gait speed over 16 weeks. Secondary outcomes 
included the change of dietary intake, body composition 
and hematological indexes between the baseline and after 
intervention.

Nutrition intervention and supplement protocol
At the beginning of the study, all subjects received nutri-
tion education provided by professional dietitians. Sub-
jects in the nutrition group and combined group received 
nutrition intervention of oral oligopeptide preparation 
twice a day for 25 g each time. Subjects in the nutrition 
group intake the preparation after breakfast and lunch, 
and those in the combined group intake the preparation 
once after exercise within half an hour and once after 
lunch.

The enteral nutrition preparation used in this study 
was an enteral nutrition preparation with plant oligopep-
tides as the main protein sources developed in the previ-
ous study. It can provide energy 185 kcal, protein 24.2 g 
(including plant oligopeptide 11  g, casein peptide 4  g, 
branch chain amino acid 5 g), CaHMB2.5 g per day.

Exercise intervention
Subjects in the exercise group and combined group 
received the exercise intervention. The exercise program 
used in this study was designed by professional rehabili-
tation doctors considering the physical activity ability of 

https://www.chictr.org.cn/
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older people with sarcopenia, including warm-up exer-
cise, resistance exercise and relaxation. The exercise pro-
gram needs to be completed by dumbbells. The exercise 
intervention was organized by community doctors and 
assisted by staff with experience in sports rehabilitation. 
Exercise was performed 5 times a week in the activity 
room of the community health service center, each last-
ing 45 to 60 min.

Sample size calculation
The sample size estimation was based on anticipated dif-
ferences in gait speed of the subjects [9], with alpha = 0.05 
and power = 0.8 (two-sided). The estimated minimum 
sample size was 26 subjects per group. However, to avoid 
the influence of dropout rate, we opted to include more 
participants.

Statistical analysis
Epidata 3.1 was used for data entry, and SPSS 27.0 was 
used for statistical analysis of the data. The classifica-
tion data were described by rate (%), the quantitative 
data were described by the mean (standard deviation) [ x
(s)]. The Pearson chi-square test, Fisher’s exact test and 
one-way ANOVA were used to compare the differences 
between the groups at baseline. The Paired Samples t-test 
was used for comparison before and after intervention. 
All statistical tests were two-tailed, and significance was 
set at p < 0.05.

Results
Baseline and demographic data
A total of 159 subjects completed the study and were 
included in the statistical analysis. There was no signifi-
cant difference in the average age, sex, disease history 
or MNA-SF score among groups, but the right hand 
grip strength of the nutrition group was significantly 
higher than that of the control group and exercise group 
(Table 1).

Dietary intake of subjects before and after intervention
Compared with the baseline, the daily dietary energy and 
protein intake of the four groups showed an upwards 
trend after intervention, and the daily dietary energy 
intake of the control group and the nutrition group was 
significantly higher than that before the intervention 
(P < 0.05) (Table 2).

Changes in muscle strength and physical function 
before and after intervention
After the intervention, the left hand grip strength and 
walking speed of the nutrition group were significantly 
increased. The grip strength of the exercise group and the 
combined group was significantly increased, but no sig-
nificant increase in walking speed was observed in these 
2 groups (Table 3).

Fig.1 Flow chart of the study
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Table 1 Demographic characteristics and baseline data of subjects

* The difference was statistically significant (P < 0.05) compared with the control group
# The difference was statistically significant (P < 0.05) compared with the exercise group

Control group(n = 46) Exercise group(n = 35) Nutrition group(n = 48) Combined 
group(n = 30)

P value

Age(years)[x(s)] 73.21(4.98) 72.04(5.02) 72.68(5.59) 70.52(3.30) 0.209

Gender(female%) 22(47.8%) 19(54.3%) 23(47.9%) 14(46.7%) 0.918

Baseline data[x(s)]
 Body weight(kg) 49.54 (7.02) 46.59 (6.70) 49.18 (7.36) 51.52 (6.43) 0.105

 BMI (kg/m2) 21.86(2.57) 21.47(3.45) 21.49(2.80) 22.53(2.28) 0.526

 Left grip strength(kg) 21.02(6.84) 19.52(3.75) 21.92(6.41) 21.91(6.21) 0.391

 Right grip strength(kg) 20.50(5.27) 20.11(3.73) 23.78(6.85)* # 23.06(7.05) 0.044

 6-m walking speed(m/s) 0.92(0.18) 0.99(0.17) 0.96(0.23) 1.05(0.18) 0.139

 SMM (kg) 17.40(3.29) 16.51(2.19) 17.93(3.58) 18.05(3.10) 0.260

 SMI (kg) 5.54(0.75) 5.40(0.52) 5.56(0.82) 5.71(0.77) 0.524

 MNA-SF score 12.75(1.16) 12.85(0.99) 12.59(1.12) 13.08(0.95) 0.666

Disease history[n(%)]
 Hypertension 14(30.43%) 11(31.43%) 14(29.17%) 10(33.33%) 0.984

 Diabetes mellitus 9(19.57%) 9(25.71%) 12(25.00%) 5(16.67%) 0.756

 Lipid abnormality 8(17.39%) 8(22.86%) 10(20.83%) 4(13.33%) 0.765

 Osteoporosis 1(2.17%) 1(2.86%) 1(2.08%) 2(6.67%) 0.729

 Fracture history 3(6.52%) 4(11.43%) 3(6.25%) 2(6.67%) 0.858

Table 2 Dietary and total intake before and after the intervention

Values were expressed as mean ± SD; the total intake after intervention was the sum of dietary intake and oral peptide preparations intake at 16 weeks of intervention
a represents the within-group change of diet intake from the baseline to 16 weeks of intervention
b represents the within-group change between diet intake at the baseline and the total intake at 16 weeks of intervention

Baseline Week 16

Diet intake Diet intake P value a Total intake P value b

Control group
 Energy, kcal 1084.80 ± 380.60 1357.94 ± 549.91 0.026 / /

 Energy, kcal/(kg·d) 21.42 ± 7.23 25.99 ± 8.52 0.032 / /

 Protein, g 34.88 ± 23.65 39.95 ± 23.96 0.235 / /

 Protein, g/(kg·d) 0.70 ± 0.51 0.76 ± 0.46 0.425 / /

Exercise group
 Energy, kcal 1320.73 ± 441.23 1499.09 ± 509.30 0.115 / /

 Energy, kcal/(kg·d) 28.40 ± 9.64 31.30 ± 10.11 0.227 / /

 Protein, g 38.12 ± 14.16 48.79 ± 26.98 0.092 / /

 Protein, g/(kg·d) 0.82 ± 0.36 1.01 ± 0.54 0.165 / /

Nutrition group
 Energy, kcal 1195.42 ± 507.48 1446.91 ± 505.90 0.006 1631.91 ± 505.90  < 0.001

 Energy, kcal/(kg·d) 24.39 ± 10.14 28.60 ± 8.91 0.022 32.35 ± 8.87  < 0.001

 Protein, g 39.11 ± 24.20 43.77 ± 27.22 0.210 67.77 ± 27.22  < 0.001

 Protein, g/(kg·d) 0.79 ± 0.44 0.86 ± 0.43 0.333 1.34 ± 0.42  < 0.001

Combined group
 Energy, kcal 1286.05 ± 593.56 1432.00 ± 535.94 0.274 1617.00 ± 535.94 0.019

 Energy, kcal/(kg·d) 24.84 ± 10.69 26.60 ± 8.00 0.475 30.16 ± 7.81 0.038

 Protein, g 41.12 ± 19.83 45.41 ± 23.60 0.449 69.41 ± 23.60  < 0.001

 Protein, g/(kg·d) 0.80 ± 0.39 0.83 ± 0.35 0.756 1.29 ± 0.32  < 0.001
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Changes in body weight and body composition 
before and after intervention
After the intervention, the body weight and BMI of the 
exercise group, nutrition group and combined group 
increased significantly (P < 0.05). The weight and BMI of 
the control group increased, but there was no significant 
difference before and after the intervention.

There was no significant increase in soft lean mass 
(SLM) or skeletal muscle mass (SMM) before and after 
intervention in the four groups. The appendicular skele-
tal muscle mass (ASMM) and appendicular skeletal mus-
cle mass index (SMI) decreased after intervention in the 
exercise group, but there was no significant difference in 
the other three groups before and after intervention. The 
fat free mass (FFM) of the left arm, right arm and trunk 
of the four groups did not change significantly before and 
after intervention, but the FFM of the left leg and right 
leg of the control group, exercise group and nutrition 
group decreased significantly after intervention, while the 
FFM of both legs of the combined group maintained the 
level before intervention. There was no significant change 
in BCM in the four groups before and after intervention.

Table 3 Grip strength, walking speed and body composition 
before and after intervention

Baseline Week 16 t value P value

Body weight (kg)
 Control group 49.54 ± 7.02 50.01 ± 7.44 -0.998 0.328

 Exercise group 46.59 ± 6.70 47.33 ± 6.51 -2.721 0.011

 Nutrition group 49.18 ± 7.36 50.25 ± 7.33 -3.955 0.000

 Combined group 51.52 ± 6.43 52.74 ± 7.11 -3.960 0.001

Body mass index (BMI) (kg/m2)
 Control group 21.86 ± 2.57 22.05 ± 2.44 -0.957 0.348

 Exercise group 21.47 ± 3.45 21.82 ± 3.30 -2.865 0.008

 Nutrition group 21.49 ± 2.80 21.95 ± 2.75 -3.898 0.000

 Combined group 22.53 ± 2.28 23.05 ± 2.45 -3.910 0.001

Left grip strength (kg)
 Control group 21.02 ± 6.84 21.30 ± 5.97 -0.574 0.571

 Exercise group 19.52 ± 3.75 20.99 ± 3.87 -2.512 0.019

 Nutrition group 21.92 ± 6.41 23.49 ± 6.90 -2.962 0.005

 Combined group 21.91 ± 6.21 24.65 ± 6.56 -3.385 0.003

Right grip strength (kg)
 Control group 20.50 ± 5.27 21.12 ± 4.56 -1.537 0.137

 Exercise group 20.11 ± 3.73 22.21 ± 4.56 -2.789 0.010

 Nutrition group 23.78 ± 6.85 24.58 ± 6.52 -1.355 0.184

 Combined group 23.06 ± 7.05 25.11 ± 6.56 -2.168 0.042

6-m walking speed (m/s)
 Control group 0.92 ± 0.18 0.96 ± 0.16 -0.756 0.457

 Exercise group 0.99 ± 0.17 1.06 ± 0.20 -1.379 0.180

 Nutrition group 0.96 ± 0.23 1.10 ± 0.21 -3.908 0.000

 Combined group 1.05 ± 0.18 1.02 ± 0.24 0.536 0.598

Skeletal muscle mass (SMM)(kg)
 Control group 17.40 ± 3.29 17.41 ± 3.20 -0.061 0.952

 Exercise group 16.51 ± 2.19 16.39 ± 2.00 0.697 0.492

 Nutrition group 17.93 ± 3.58 18.05 ± 3.65 -0.966 0.341

 Combined group 18.05 ± 3.10 18.45 ± 3.25 -1.800 0.086

Appendicular skeletal muscle mass index (SMI)
 Control group 5.54 ± 0.75 5.43 ± 0.79 2.042 0.052

 Exercise group 5.40 ± 0.52 5.25 ± 0.49 3.022 0.006

 Nutrition group 5.56 ± 0.82 5.53 ± 0.79 1.090 0.283

 Combined group 5.71 ± 0.77 5.73 ± 0.80 -0.367 0.717

Appendicular skeletal muscle mass (ASMM)(kg)
 Control group 12.70 ± 2.86 12.47 ± 2.88 1.920 0.067

 Exercise group 11.77 ± 1.63 11.47 ± 1.59 2.885 0.008

 Nutrition group 12.92 ± 3.08 12.82 ± 3.02 1.264 0.214

 Combined group 13.18 ± 2.66 13.21 ± 2.76 -0.293 0.772

Fat free mass of left arm(kg)
 Control group 1.52 ± 0.36 1.53 ± 0.34 -0.343 0.734

 Exercise group 1.44 ± 0.27 1.44 ± 0.24 -0.041 0.968

 Nutrition group 1.61 ± 0.42 1.63 ± 0.43 -1.049 0.301

 Combined group 1.60 ± 0.37 1.66 ± 0.37 -1.690 0.106

Fat free mass of right arm(kg)
 Control group 1.55 ± 0.39 1.55 ± 0.35 -0.075 0.941

 Exercise group 1.45 ± 0.30 1.45 ± 0.26 0.076 0.940

 Nutrition group 1.65 ± 0.43 1.66 ± 0.43 -0.576 0.568

Table 3 (continued)

Baseline Week 16 t value P value

 Combined group 1.67 ± 0.41 1.70 ± 0.39 -0.795 0.436

Fat free mass of trunk(kg)
 Control group 14.89 ± 2.51 15.00 ± 2.32 -0.712 0.483

 Exercise group 14.20 ± 1.83 14.29 ± 1.66 -0.588 0.562

 Nutrition group 15.42 ± 2.82 15.58 ± 2.80 -1.595 0.119

 Combined group 15.55 ± 2.49 15.85 ± 2.49 -1.713 0.101

Fat free mass of left leg(kg)
 Control group 4.79 ± 1.09 4.68 ± 1.12 3.031 0.006

 Exercise group 4.43 ± 0.59 4.28 ± 0.60 4.117 0.000

 Nutrition group 4.81 ± 1.14 4.75 ± 1.11 2.613 0.013

 Combined group 4.92 ± 0.98 4.89 ± 1.01 1.002 0.328

Fat free mass of right leg(kg)
 Control group 4.83 ± 1.09 4.70 ± 1.12 3.165 0.004

 Exercise group 4.44 ± 0.57 4.30 ± 0.58 4.011 0.000

 Nutrition group 4.86 ± 1.15 4.79 ± 1.13 2.302 0.027

 Combined group 4.98 ± 0.99 4.96 ± 1.04 0.500 0.622

Soft lean mass (SLM) (kg)
 Control group 31.34 ± 5.21 31.23 ± 5.16 0.340 0.737

 Exercise group 29.89 ± 3.43 29.56 ± 3.11 1.170 0.253

 Nutrition group 32.11 ± 5.68 32.24 ± 5.77 -0.639 0.527

 Combined group 32.27 ± 4.94 32.80 ± 5.13 -1.572 0.131

Body cell mass (BCM)
 Control group 21.30 ± 3.61 21.32 ± 3.52 -0.092 0.927

 Exercise group 20.34 ± 2.40 20.21 ± 2.20 0.653 0.520

 Nutrition group 21.88 ± 3.92 22.02 ± 3.98 -1.015 0.317

 Combined group 22.01 ± 3.41 22.46 ± 3.57 -1.950 0.065
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Changes in hematology before and after intervention
The hematological indexes before and after intervention 
are shown in Table 4. There were no significant changes 
in red blood cells and hemoglobin before and after inter-
vention in the four groups. After 16  weeks of interven-
tion, the levels of serum albumin in nutrition group 
(P = 0.022) and combined group (P = 0.039) increased 
significantly, but there was no significant change in con-
trol group and exercise group. After the intervention, the 
fasting blood glucose of the nutrition group increased 
significantly (p = 0.037), but the value was within the nor-
mal range before and after the intervention. There was 
no significant change in the fasting blood glucose of the 
other groups before and after the intervention. There 
was no significant change in blood lipid levels before and 
after the intervention.

After the intervention, the levels of Aspartate ami-
notransferase and creatinine in the control group 
increased, while the levels of urea and creatinine in the 
nutrition group increased, but the value before and after 
the intervention was within the normal range. There was 
no significant difference in other liver and kidney func-
tion indexes before and after intervention.

Intervention compliance and adverse events
During the study, the subjects in the exercise group and 
combined group actually participated in exercise at least 
4 times a week. The subjects in the nutrition group and 
combined group took the enteral nutritional preparation 
twice a day for at least 5 days a week. Subjects who com-
pleted the study had good compliance with both exercise 
and nutrition intervention.

During the intervention, two subjects in the nutrition 
group had abdominal distension after taking the prepara-
tion, which were relived within 1 day. No other adverse 
events occurred.

Discussion
Studies have shown that exercise and nutritional inter-
vention may effectively improve muscle strength and 
function and improve physical activity in the older 
population [10, 11]. The combined intervention of exer-
cise and nutrition can significantly improve the muscle 
strength of the lower extremities of the older people in 
Asia with sarcopenia compared with the exercise inter-
vention alone [12]. Many guidelines regard exercise and 
nutrition interventions as important measures to prevent 
and treat sarcopenia [2, 13].

Dietary and nutritional status are closely related to 
the occurrence of sarcopenia. A higher quality diet was 
associated with better physical performance among older 
adults [14]. The older population with sarcopenia have a 

Table 4 Comparison of hematological parameters before and 
after intervention

Baseline Week 16 p value

Red blood cell (1012/L)
 Control group 4.11 ± 0.38 4.14 ± 0.31 0.581

 Exercise group 4.05 ± 0.16 4.29 ± 0.12 0.254

 Nutrition group 4.42 ± 0.42 4.45 ± 0.38 0.756

 Combined group 4.45 ± 0.33 4.60 ± 0.45 0.464

Hemoglobin (g/L)
 Control group 128.27 ± 9.15 130.13 ± 8.31 0.257

 Exercise group 125.33 ± 6.66 132.33 ± 6.17 0.149

 Nutrition group 137.50 ± 12.83 140.20 ± 11.61 0.167

 Combined group 129.60 ± 10.78 134.40 ± 9.63 0.244

Albumin(g/L)
 Control group 45.22 ± 1.27 44.57 ± 1.48 0.243

 Exercise group 44.00 ± 5.77 44.17 ± 1.29 0.961

 Nutrition group 43.00 ± 2.85 45.15 ± 1.85 0.022

 Combined group 43.21 ± 2.59 45.93 ± 2.28 0.039

Fasting blood glucose (mmol/L)
 Control group 5.74 ± 0.65 5.78 ± 0.68 0.858

 Exercise group 5.93 ± 0.19 6.29 ± 0.39 0.174

 Nutrition group 5.18 ± 0.43 5.49 ± 0.34 0.037

 Combined group 5.77 ± 0.58 6.43 ± 1.43 0.293

Triglyceride (mmol/L)
 Control group 1.28 ± 0.63 1.43 ± 0.75 0.289

 Exercise group 1.24 ± 0.44 1.50 ± 0.29 0.132

 Nutrition group 1.12 ± 0.71 1.05 ± 0.75 0.806

 Combined group 0.97 ± 0.31 1.29 ± 0.47 0.176

Total cholesterol (mmol/L)
 Control group 5.08 ± 1.15 5.26 ± 1.09 0.410

 Exercise group 4.93 ± 0.68 5.34 ± 0.45 0.331

 Nutrition group 4.97 ± 1.01 4.96 ± 0.69 0.954

 Combined group 4.46 ± 0.79 4.65 ± 0.91 0.487

High density lipoprotein cholesterol (mmol/L)
 Control group 1.92 ± 0.42 1.85 ± 0.43 0.358

 Exercise group 1.76 ± 0.14 1.74 ± 0.07 0.705

 Nutrition group 1.86 ± 0.66 1.83 ± 0.46 0.749

 Combined group 1.53 ± 0.41 1.48 ± 0.34 0.480

Low density lipoprotein cholesterol (mmol/L)
 Control group 2.59 ± 0.97 2.75 ± 0.99 0.329

 Exercise group 2.61 ± 0.38 2.92 ± 0.38 0.384

 Nutrition group 2.60 ± 0.69 2.65 ± 0.63 0.824

 Combined group 2.48 ± 0.47 2.58 ± 0.55 0.555

Alanine aminotransferase (U/L)
 Control group 20.40 ± 9.77 19.73 ± 8.99 0.703

 Exercise group 19.67 ± 9.07 19.67 ± 4.04 1.000

 Nutrition group 23.40 ± 10.78 33.20 ± 25.09 0.199

 Combined group 23.80 ± 24.78 23.00 ± 10.58 0.914

Aspartate aminotransferase (U/L)
 Control group 25.93 ± 1.91 29.80 ± 5.83 0.008

 Exercise group 26.00 ± 9.54 26.00 ± 6.56 1.000

 Nutrition group 31.10 ± 13.49 38.50 ± 16.88 0.075
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lower intake of proteins than their non-sarcopenic peers 
[15, 16]. Increasing protein intake, especially at breakfast 
and lunch, contributes to alleviating muscle loss with 
aging [17]. It is recommended that each meal should pro-
vide 20 to 30 g protein, to achieve maximum stimulation 
of the muscle protein fractional synthetic rate [18]. In 
this study, the average protein intake of older people with 
sarcopenia before intervention was approximately 0.8 g/ 
(kg·d), which was much lower than the recommended 
intake.

Oral supplementation with protein-rich dietary supple-
ments may play an important role in the prevention and 
control of sarcopenia [19]. The findings of a meta-analysis 
suggest that dairy proteins, at an amount of 14 to 40 g can 
significantly increase the AMM in middle-aged and older 
adults without a significant clinical effect on handgrip 
strength and leg press [20]. Oral protein supplementation or 
protein-rich nutritional supplements combined with exer-
cise intervention can improve muscle mass and strength 
and improve activity in the older people [19, 21–25], and 
protein supplements for sarcopenic older adults along with 
exercise showed a larger effect size than exercise alone and 
no intervention [24]. Study showed that oral whey protein-
rich supplements could significantly improve the SMM, 
muscle strength and function, and this effect was not related 
to the time of oral whey protein supplements [26]. There 
were also studies using amino acid preparations such as leu-
cine and L-citrulline to intervene in older people and found 
that some amino acid preparations could improve walking 
speed and lean body mass index and improve muscle mass 
and physical function in the older population [27, 28].

However, some studies suggest that increasing nutri-
tion intervention while exercise intervention does not 
have additional benefits for the body composition, muscle 
strength and function of the older population [29]. Com-
pared to exercise or nutritional intervention alone, inter-
ventions that combined exercise and nutrition may not 
confer additional beneficial effects on body composition, 
grip strength, walking speed, physical performance, or 
metabolic and inflammatory biomarkers in the sarcopenic 
obesity population [30, 31]. The existing research results 
were not consistent regarding whether nutrition interven-
tion can improve muscle mass, strength and function of 
older people with sarcopenia, and for subjects with good 
nutritional status, the effect of nutrition intervention may 
not be significant [32]. Additionally, the effect of nutrition 
intervention may also be related to the formula and dose of 
the intervention preparation, the daily dietary intake of the 
subjects, the duration of intervention and other factors.

Oligopeptides are the hydrolysates of proteins. The 
molecular weight of oligopeptides is smaller than that of 
proteins, so they are easier to digest and absorb, and have 
some physiological functions. Some researchers believe 
that oligopeptides may have a better effect on sarcope-
nia intervention in the older population than proteins. 
Some in  vitro and animal experiments have shown that 
oligopeptides may play a role in slowing the degrada-
tion of proteins in cells, promoting protein synthesis and 
improving muscle atrophy in animals [33, 34]. The com-
bination of wheat oligopeptides, soybean oligopeptides 
and pea oligopeptides can effectively improve the reduc-
tion in muscle protein content in C2C12 cells caused by 
TNF-α, reduce protein degradation and promote protein 
synthesis by regulating the expression of E3 ubiquitin 
ligase and improving the protein phosphorylation level of 
Akt/mTOR [34]. An animal experiment found that corn 
oligopeptides can increase grip strength and improve the 
muscle atrophy induced by dexamethasone in mice [33]. 
In a randomized double-blind placebo-controlled trial, 
a protein supplement rich in collagen peptides was used 
to intervene in male sarcopenia patients with resistance 
exercise. After 12 weeks of intervention, the fat free mass, 
isokinetic quadriceps strength and sensory motor control 
of all subjects were significantly increased, the fat mass 
was significantly decreased, and the effect of the inter-
vention group treated with oral administration of 15  g 
collagen peptide per day was more significant [35]. Based 
on the results of our previous studies [33, 34], a prepara-
tion with plant oligopeptides as the main protein source 
was designed, which was used in this study to intervene 
in sarcopenia older patients alone or in combination with 
exercise to verify the effect of the oligopeptide prepara-
tion alone or in combination with exercise intervention 

Table 4 (continued)

Baseline Week 16 p value

 Combined group 26.60 ± 10.85 33.40 ± 8.26 0.153

Urea (mmol/L)
 Control group 5.15 ± 1.79 5.86 ± 1.66 0.100

 Exercise group 5.91 ± 2.96 7.11 ± 1.29 0.347

 Nutrition group 5.11 ± 1.40 6.09 ± 1.36 0.002

 Combined group 5.39 ± 1.89 6.52 ± 2.46 0.474

Creatinine (umol/L)
 Control group 69.60 ± 15.31 80.54 ± 11.15 0.000

 Exercise group 70.60 ± 17.19 83.17 ± 24.63 0.261

 Nutrition group 73.57 ± 11.72 84.99 ± 8.83 0.001

 Combined group 75.73 ± 19.44 95.97 ± 27.01 0.081

Uric acid (umol/L)
 Control group 283.07 ± 63.96 279.56 ± 74.46 0.764

 Exercise group 348.33 ± 28.86 374.27 ± 61.35 0.635

 Nutrition group 307.03 ± 55.62 304.84 ± 66.09 0.828

 Combined group 310.18 ± 68.19 324.82 ± 74.43 0.589
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in sarcopenia. In this study, oral oligopeptide nutrition 
preparation and exercise were used to intervene the older 
people with sarcopenia.

After 16  weeks of intervention, it was found that the 
weight and grip strength of the older people receiving 
exercise intervention increased, while the weight, grip 
strength and gait speed of the subjects receiving nutri-
tional intervention increased. However, neither exercise 
nor nutrition intervention alone could maintain the fat 
free mass of older people. Only the subjects in the com-
bined group maintained the muscle mass and fat free 
mass of each segment after the intervention.

Low-grip strength is predictive of mortality, longer 
hospital stays, and limited physical function. The hand-
grip strength is rarely used as the indicator for the detec-
tion and diagnosis of clinical diseases. However, studies 
have shown that grip strength is one of the important 
indicators for evaluating muscle strength, and it is also 
closely related to cognitive function, the occurrence of 
tumors, diabetes and frailty, the mortality of older peo-
ple and the prognosis of hospitalized patients [36–41]. 
Low HGS was associated with a higher mortality risk in 
male older hospitalized patients. In medical inpatients at 
nutritional risk, each decrease of 10 kg in HGS was asso-
ciated with increased risk of 30-d mortality and 180-d 
mortality [42]. Higher baseline GS and 5-year increase 
in GS were protective of mortality, whilst GS decline was 
associated with an increased risk of mortality in the very 
old over 9.6 years, especially in women. Men and women 
with a negative slope had a 16 and 33% increased risk of 
mortality, respectively, with every kg/year decline in GS 
(P ≤ 0.005) [43]. In this study, the right handgrip strength 
of the combined group increased from23.06 ± 7.05kg to 
25.11 ± 6.56kg, and the left handgrip strength increased 
form 21.91 ± 6.21kg to 24.65 ± 6.56kg. We believe that 
such an increase is of practical health benefits for the 
subjects. Gait speed can be useful in predicting falls 
and expected survival, and might be included as part of 
a comprehensive evaluation for older adults [44–46]. In 
fact, many frailty or functional disability studies define 
slowness as 6-m walk < 1.0 m/s. Therefore, in this study, 
the gait speed of the nutrition group increased from 
0.96 ± 0.23m/s to 1.10 ± 0.21m/s, and we believe that such 
an increase is of practical health benefits for the subjects.

In this study, no increase in muscle mass or SMI was 
observed in any intervention group, which may be related 
to the low daily dietary protein intake of the subjects. 
Some studies suggest that the effect of nutrition interven-
tion on muscle mass is related to the nutritional status 
and dietary intake of the subjects, and the effect may be 
better in subjects with good nutritional status and ade-
quate dietary protein intake. During the intervention, all 
the subjects received individualized diet guidance and 

nutrition education provided by professional dietitians 
and provided individualized recipes and recommenda-
tions for dietary intake. However, although the dietary 
intake of the subjects increased at the end of the inter-
vention, the dietary protein intake did not reach the rec-
ommended amount of 1.2 g/(kg·d). Only subjects of the 
nutrition group and combined group, whose total aver-
age daily protein intake reached 1.34 g/(kg·d) and 1.29 g/
(kg·d), respectively, reaching the recommended intake 
amount.

It is suggested that although dietary guidance interven-
tion for the older people has effect on increasing dietary 
intake, it is difficult to change its natural dietary pattern 
and achieve the ideal intervention effect. A study com-
pared the effects of high protein dietary supplements 
(Supp group) and adequate protein intake dietary guid-
ance (Diet group) on maintaining muscle mass and 
strength in the older people with sarcopenia. The results 
showed that the total energy and protein intake of both 
groups increased after intervention but the intake of 
Supp group was higher than that of Diet group. The 
AMMI increased in the older people with sarcopenia as 
long as they consumed enough protein per day (1.2–1.5 g 
per kilogram of body weight). However, compared with 
dietary guidance, nutritional supplementation makes it 
easier for the older population with sarcopenia to achieve 
the sufficient protein they need [47]. The results are simi-
lar to those of this study.

The effects of exercise intervention on muscle mass, 
muscle strength and physical function in sarcopenia sub-
jects may be related to different exercise types, intensity, 
duration, and whether to combine other intervention 
measures [11]. A study used resistance exercise to inter-
vene in older women with sarcopenia for 16  weeks and 
found that the physical function, grip strength and walk-
ing speed of the subjects increased, but no increase in 
muscle mass was observed [48]. Another study used 
low-intensity and moderate-intensity resistance train-
ing to intervene in people aged 50 to 79 years old in the 
community. After 24  weeks of intervention, an increase 
in the cross-sectional area of contractile muscle was 
observed in the moderate-intensity exercise group, while 
only an increase in the cross-sectional area of the quadri-
ceps femoris was observed in the low-intensity exercise 
group [49]. The exercise intervention duration of stud-
ies in the older people with sarcopenia usually lasted 
between 3 and 18 months, and improvements in muscle 
strength and function could be observed at the end of the 
study, but only a few studies could observe an increase 
in muscle mass [50].In this study, exercise intervention 
increased the muscle strength of the subjects, but the 
muscle mass did not increase significantly. The mus-
cle mass of the subjects in the exercise group showed a 
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decreasing trend. Only for the subjects in the combined 
group who received both exercise and nutrition interven-
tions, the muscle mass observed to maintain preinter-
vention levels at the end of the study. The reason may be 
related to the duration and intensity of intervention, the 
compliance of subjects, and the dietary intake and nutri-
tion status of subjects.

There were still some limitations in this study. First, the 
exercise intervention was used in this study, so the sub-
jects and researchers were difficult to be blinded. Second, 
there was no whey protein intervention group, so it didn’t 
compare the effect of oligopeptides and whey protein on 
sarcopenia. For sarcopenia patients without other dis-
eases, it is not clear whether oligopeptides have advan-
tages compared with whey protein, but for some older 
people with poor digestive function and intolerance to 
whole protein preparations, the oligopeptide nutrition 
preparation in this study may have important implica-
tions. Further research will be conducted on the older 
population with sarcopenia and poor digestive function. 
Third, some subjects were not willing to accept the inter-
vention according to the plan, so there were some sub-
jects with poor compliance and high loss rate. Fourth, 
the intervention period of 16  weeks may be too short 
to observed the increase of skeletal muscle mass in the 
subjects, and longer intervention should be conducted 
to explore the effects of exercise and nutrition interven-
tion on skeletal muscle mass. Fifth, in this study, we used 
the Segmental Multi-Frequency BIA to measure the body 
composition of the subjects, using the Inbody 770 instru-
ment. MRI, CT, and DXA were not used in this study in 
the older people due to cost, accessibility, and the prob-
lem of radiation exposure. But we found in the literature 
that the correlation between appendicular skeletal muscle 
mass obtained by using BIA and DXA was high in both 
men and women. The Pearson correlation coefficient and 
standard error of the estimate of the regression equation 
were 0.94 and 1.05 kg in the men, and 0.90 and 0.93 kg 
in the women, respectively (both p > 0.05). No significant 
method-related biases were found [51]. The concordance 
correlation coefficient between fat free mass measured 
by using DXA and BIA was 0.98(95%CI 0.97,0.98) [52]. 
Sixth, the results of some studies show that the increase 
in muscle mass, strength, and physical function of the 
lower extremity may be more obvious after intervention 
[53, 54], but the outcome indicators reflecting muscle 
strength and function in this study were relatively simple, 
so the intervention effect may be underestimated.

Conclusions
This study used oligopeptide preparation and exercise 
alone or in combination to intervene in the older people 
with sarcopenia in the community. The results showed 

that exercise and nutrition intervention could improve 
the muscle strength or function of the older popula-
tion, but short-term intervention could not alleviate the 
declining trend of muscle mass. Only the older people 
in the combined group who received both nutrition and 
exercise interventions maintained the muscle mass after 
the intervention. At the same time, for the older people 
with insufficient energy and protein intake, dietary guid-
ance is not ideal to increase intake, and oral nutritional 
supplements should be actively adopted.
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