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Physical activity and protein-intake strategies to prevent sarcopenia in
older people
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Background: This study aimed to determine the physical activity level and protein intake of older people with
sarcopenia and investigate the adequate protein intake of older people in Korea.

Methods: A total of 1215 older people were recruited from the ninth Korea National Health and Nutrition Ex-
amination Survey. Participants’ physical activity, handgrip strength, appendicular skeletal muscle mass and food
intake were assessed.

Results: A one-way ANOVA revealed that the normal group exhibited significantly higher values for moderate-
to-vigorous intensity physical activity (male p=0.035 and female p=0.028), total intake kcal (p<0.001), carbo-
hydrate (p<0.001), proteins (p<0.001) and fats (male p<0.001 and female p=0.005) compared with all other
groups. Participants who met the recommended protein intake demonstrated significantly higher muscle mass
(OR=2.16) and muscle strength (OR=2.31) compared with those who did not meet the recommended protein
intake. A significant positive correlation between protein intake and skeletal muscle index (r=0.354, p<0.001)
and handgrip strength (r=0.358, p<0.001) was observed across all participants.

Conclusion: Older individuals who do not meet the recommended protein intake are more likely to experience
a loss of muscle mass and strength compared with those who receive the recommended protein intake.

Keywords: health promotion, older people, physical activity, protein, sarcopenia.

Introduction Proper nutrition and exercise in older adults can prevent sar-

) o ) _copenia. Proper nutrition in older people is critical, as energy
According to statistics, the proportion of people oggd =65 yin  intake decreases with age and can decrease by 16%-20%, es-
South Korgo in 2023 was 18.4% of the total populo‘tlon, anum-  pecially in those aged >65 y.” High-quality protein intake, espe-
ber that is expected to grow, with Korea becoming a super-  cjglly in older adults, can reduce the loss of skeletal muscle mass
elderly society." As the population of older people increases,  gnd strength.® The nutrition programme mainly includes the rec-
health becomes a growing societal concern for issues such as  5mmended protein intake of 1.0-1.5 g/kg, of which the propor-
sarcopenia. Sarcopenia refers to the loss of muscle mass and  tion of high-quality protein reaches 50%.2 However, most of the
strength that o.ccompomes.ogemg.z The prevalence of sarcope-  ayidence comes from intervention studies combined with resis-
nia increases with age, ranging from 5%-13%at 60-70y to 11%-  tgnce exercise training. Only a few prospective studies have in-
50% at >80 y.> Additionally, sarcopenia increases the likelihood vestigated the role of habitual low protein intake in the risk of
of falling and can lead to osteoporosis and obesity, compromising sarcopenia. '

metabolic health.* It was classified by the International Classifi- Many studies recommend combining protein intake with phys-
cation of Diseases in 2016 with the code name M62.84.% More- jcq| qctivity and/or exercise. Compared with low-protein con-

over, sargopenio is predicted to affect >500 million older people o protein intake had no significant positive effect on total
by 2050. lean body mass, appendicular skeletal muscle mass (ASM) and
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n=184
n=1260
. Unclear information
n=45
n=1215

(analytical sample)

Figure 1. Flowchart detailing study sample selection.

handgrip strength, but a statistically significant positive effect
was observed on ASM and handgrip strength in the interven-
tion with protein intake and resistance exercise.'* Compared with
the control group, exercise alone or exercise and protein intake
significantly increased handgrip strength and improved dynamic
balance, suggesting that both exercise and protein intake combi-
nations have beneficial effects on muscle strength and physical
performance in older people with sarcopenia.?

Protein intake and physical activity and/or exercise are very im-
portant for older people with sarcopenia. However, there was no
significant difference in physical activity between exercise inter-
vention and comprehensive intervention groups (exercise 4+ nutri-
tion), which explains why older people did not observe changes
in muscle function, because they did not participate in recom-
mended physical activity.® Therefore, this study aimed to deter-
mine the physical activity level and protein intake of older people
with sarcopenia and investigate the adequate protein intake of
older people in Korea.

Methods

Participants

Data were collected from the ninth Korea National Health and Nu-
trition Examination Survey (KNHANES) (2022) conducted by the
Ministry of Health and Welfare of Korea.!® This study followed

the reporting guidelines for cross-sectional research studies out-
lined in the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines.'*

In total, 1215 participants (males=561, females=654) were
analysed in this study based on the following criteria: (i) age
>65 y; (i) they had body composition measurements; and (iii)
they had handgrip strength measurements. Other participants
were excluded and not used in the analysis (Figure 1). Addi-
tionally, sarcopenia was determined based on decreased height-
adjusted (cm) muscle mass and decreased handgrip strength.®

The Institutional Review Board of the Korea Disease Con-
trol and Prevention Agency (KDCA) (2018-01-03-4C-A) approved
the ninth KNHANES.'® In the original survey, informed consent
was acquired from all participants. Raw data for this study were
sourced through legitimate procedures from the KNHANES web-
site under the KDCA, and all personal data were fully anonymised.

Participant characteristics are provided in Table 1.

Diagnosing sarcopenia

Muscle mass and strength were assessed with reference to the
algorithms for the community in the Asian Working Group for
Sarcopenia 2019 consensus of the sarcopenia criteria.’® For
skeletal muscle evaluation, we used data measured by the bio-
electrical impedance analysis (BIA) method. The skeletal muscle
index (SMI) was calculated as the total ASM of the upper arm
and lower leg muscles, measured by the BIA method, divided
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Table 1. Participant characteristics

Total (1215) Male (n=561) Female (n=654) p-value

Body composition
Age (y) 72.38 +£ 5.11 72.43 + 5.13 72.33 £ 5.10 749
Height (cm) 159.47 + 8.69 166.71 £+ 5.57 153.25 £ 5.48 <.001
Weight (kg) 61.46 £+ 10.23 66.53 + 9.61 57.11 + 8.63 <.001
BMI (kg/m?) 2412 + 3.19 23.91 + 3.00 24.30 + 3.33 .033
SBP (mmHg) 127.05 £+ 16.96 127.00 + 16.69 127.05 + 17.21 934
DBP (mmHg) 73.40 £ 9.08 74.26 £ 9.40 72.66 + 8.75 .002

Sarcopenia criteria
SMI (kg/m?) 6.65 + 0.98 7.38 +£ 0.74 6.02 + 0.68 <.001
Right arm (kg) 2.28 +£ 0.61 2.77 +£ 0.48 1.86 £ 0.33 <.001
Left arm (kg) 2.26 + 0.60 2.74 £ 0.46 1.85 £ 0.32 <.001
Right leg (kg) 6.32 + 1.48 7.57 + 1.04 5.25 £ 0.80 <.001
Left leg (kq) 6.29 £+ 1.45 7.51 +£ 1.02 523 £ 0.80 <.001
Right grip (kg) 26.50 + 8.23 32.96 + 6.52 20.73 + 4.46 <.001
Left grip (kg) 2533 + 8.14 31.69 + 6.52 19.61 + 4.31 <.001

BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; SMI, skeletal muscle index.

by the square of the height. The low muscle mass diagnostic
cut-offs were <7.0 kg/m? for males and <5.7 kg/m? for females.
Handgrip strength was used to indicate muscle strength and was
measured using a handgrip dynamometer (TKK 5401 Grip-D;
Takei, Niigata, Japan). The handgrip low muscle strength diag-
nostic cut-offs were <28.0 kg for males and <18.0 kg for females.

Based on the aforementioned criteria, we categorised the par-
ticipants into four groups: those with low muscle mass (ML), those
with low muscle strength (SL), those with both low muscle mass
and strength (ML+-SL) and the normal group.

Physical activity levels

The current study adopted the computerised Korean version of
the International Physical Activity Questionnaire (IPAQ), specif-
ically, the long, self-administered format for a typical week, as
outlined in the IPAQ operations manual. The seven-item IPAQ
captures the total minutes spent during the preceding 7 d in
moderate-to-vigorous intensity physical activity (MVPA), walk-
ing and sedentary behaviour.? It is tailored to gather detailed
information on the duration (number of sessions and average
length per session) of walking, moderate-intensity physical activ-
ity (MPA), vigorous-intensity physical activity (VPA) and sedentary
behaviour (sitting during weekdays and weekends). The question-
naire includes specific examples to aid participants in reporting
moderate and vigorous physical activities. The responses were
aggregated for each category (vigorous intensity, moderate in-
tensity and walking) to calculate the total duration of physical
activity per week.

Assessment of carbohydrate, protein and fat intake

A survey was conducted to assess the intake of nutrients, such
as dietary carbohydrates, proteins and fats, by visiting specific

households according to the KNHANES user guide. Food intake
over 24 h was estimated through individual dietary recall inter-
views. The nutrient intake from food alone, excluding dietary sup-
plements, was calculated. Nutrient intake was defined as the sum
of all food and nutrients consumed by one individual during 1 d.

Participants were asked what and how much they ate dur-
ing the day yesterday to assess nutrient intake. The investigator
manually recorded all the foods consumed by the participant the
previous day on a food intake survey sheet. Tertiary food code-
names were assigned to convert food intake to nutrient intake.
The analyses included the following variables: total energy, car-
bohydrate intake, protein intake and fat intake.

Statistical analysis

Results are presented as mean=+SD. Data analysis was performed
using SPSS Statistics for Windows, version 25.0 (IBM Corp., Ar-
monk, NY, USA). The participants’ characteristics (age, height,
weight, body mass index, systolic and diastolic blood pressure,
ASM and handgrip strength) were further analysed for signifi-
cant differences between genders using one-way ANOVA. One-
way ANOVAs of physical activity and food intake were conducted
within four groups. The age-group differences were assessed us-
ing a post-hoc Bonferroni test if ANOVA results were significant.
Binary logistic regression analyses were performed to investigate
independent and joint effects of muscle mass loss and muscle
strength loss on protein intake. ORs and 95% CIs were calculated
for these relationships. The reference group for the joint associ-
ation analysis consisted of individuals who met the Dietary Ref-
erence Intakes for Koreans (KDRIs)-based protein intake guide-
lines (60 g of protein intake for males aged >65 y and 50 g
of protein intake for females aged >65 y). Covariates were ad-
justed in the analyses and included sex (male and female), body
mass index (<25 and >25 kg/m?), smoking status (smoker and
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Table 2. Physical activity and food intake by males

Males (n=534)

Variable Normal (n=330)° ML (n=89)P SL (n=57)¢ ML+SL (n=58)¢ p-value Post-hoc
MPA (min/wk) 185.3 £ 165.0 100.8 £+ 81.1 110.0 £+ 60.8 33.3 £ 16.1 074 -
VPA (min/wk) 15.6 + 48.9 7.2 £ 13.7 0.0 £ 0.0 0.0 £ 0.0 .787 -
MVPA (min/wk) 2009 + 164.4 108.0 + 73.9 110.0 + 60.8 333 + 16.1 .035 -
Total intake of calories (kcal) 2002.2 £+ 669.7 1754.3 £+ 580.4 1815.7 £+ 648.0 1570.2 + 422.9 <.001 a>b,d
Carbohydrate (g) 3183 + 111.7 277.1 + 89.0 285.4 + 96.0 261.0 £+ 87.2 <.001 a>b,d
Proteins (g) 73.1 £ 28.6 62.5 + 27.0 66.2 + 33.9 55.6 +£ 20.8 <.001 a>b,d
Fats (g) 41.5 4+ 25.2 37.9 £+ 24.8 40.3 + 28.8 30.3 £ 159 .015 a>d

ML, low muscle mass; MPA, moderate-intensity physical activity; MVPA, moderate-to-vigorous intensity physical activity; SL, low muscle strength;

VPA, vigorous-intensity physical activity.
9normal group.

ML group.

¢SL group.

dML+SL group.

Table 3. Physical activity and food intake by females

Females (n=591)

Variable Normal (n=344)2 ML (n=101)P SL (n=73)¢ ML+SL (n=73)d p-value Post-hoc
MPA (min/wk) 225.2 £ 195.6 151.3 + 86.0 26.7 £ 289 23.3 £ 153 .043 -
VPA (min/wk) 9.5 + 42.8 2.5 + 10.0 0.0 £ 0.0 0.0 £ 0.0 .862 -
MVPA (min/wk) 234.7 £ 195.5 153.8 &+ 83.7 26.7 £ 289 233 £ 153 .028 -
Total intake of calories (kcal) 1516.1 £ 555.4 13359 £+ 518.4 1261.8 £+ 473.8 1253.4 £ 534.2 <.001 a>b,c,d
Carbohydrate (g) 2499 £95.8 216.7 + 80.6 210.4 £+ 74.9 2169 + 74.7 <.001 a>b,c,d
Proteins (g) 55.48 £24.0 4831 £ 21.4 46.58 + 21.5 4138 + 149 <.001 a> b,c,d
Fats (g) 31.94+20.4 30.43 £+ 24.8 25.64 + 16.5 23.85 £+ 14.3 .005 a>d

ML, low muscle mass; MPA, moderate-intensity physical activity; MVPA, moderate-to-vigorous intensity physical activity; SL, low muscle strength;

VPA, vigorous-intensity physical activity.
9normal group.

ML group.

¢SL group.

dML+SL group.

non-smoker) and alcohol consumption (drinker and non-drinker).
Correlations between protein intake, SMI and handgrip strength
were assessed using Pearson’s correlation coefficients. The sta-
tistical significance level was set at p<0.05.

Results

Amount of physical activity and food intake

Tables 2 and 3 present the amount of physical activity and food
intake by group.

A one-way ANOVA revealed that, among males, the normal
group exhibited significantly higher values for MVPA (p=0.035),
total intake of calories (p<0.001), carbohydrate intake (p<0.001),

protein intake (p<0.001) and fat intake (p<0.001) compared with
the ML, SL and ML+SL groups (Table 2). No significant differences
were observed in MPA and VPA.

Among females, MVPA (p=0.028), MPA (p=0.043), total intake
of calories (p<0.001), carbohydrate intake (p<0.001), protein in-
take (p<0.001) and fat intake (p=0.005) were significantly higher
in the normal group compared with the ML, SL and ML+SL groups
(Table 3). No significant differences were observed in VPA.

Associations between protein intake and muscle mass
and strength

Table 4 shows the independent associations between protein in-
take and muscle mass and strength among older participants.
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Table 4. Independent associations of protein intake with muscle mass and strength in older people

Unadjusted Adjusted®
OR (95% CI) p-value OR (95% CI) p-value

Loss of muscle, odds

Protein intake above the KDRIs 1.00 1.00

Protein intake below KDRIs 2.16 (1.67-2.80) <.001 2.43(1.83-3.24) <.001
Loss of strength, odds

Protein intake above the KDRIs 1.00 1.00

Protein intake below KDRIs 2.31(1.73-3.07) <.001 2.19 (1.64-2.92) <.001

KDRIs, Dietary Reference Intakes for Koreans.

9Adjusted for sex (male and female), body mass index (<25 and >25 kg/m?), smoking status (smoker and non-smoker) and alcohol consump-

tion (drinkers and non-drinkers).

In the unadjusted model, participants who met the recom-
mended protein intake (OR=2.16, 95% CI 1.67 to 2.80) demon-
strated significantly higher levels of muscle mass compared with
those who did not meet the recommended protein intake. Those
failing to meet the recommended protein intake were 2.16 times
more likely to exhibit loss of muscle mass. After adjusting for co-
variates such as sex, body mass index, smoking status and alco-
hol consumption, the association between meeting the recom-
mended protein intake and loss of muscle mass was attenuated
(OR=2.43,95% CI 1.83 to 3.24). Nevertheless, even after adjust-
ment, older people who did not meet the recommended pro-
tein intake remained 2.43 times more likely to experience loss of
muscle mass.

Similarly, in the unadjusted model, participants who met the
recommended protein intake (OR=2.31, 95% CI 1.73 to 3.07)
were more likely to exhibit higher levels of muscle strength com-
pared with those who did not meet the recommended protein
intake. Individuals not meeting the recommended protein intake
were 2.31 times more likely to show signs of muscle strength
loss. Upon adjusting for covariates (sex, body mass index, smok-
ing status and alcohol consumption), the strength of this asso-
ciation diminished slightly (OR=2.19, 95% CI 1.64 to 2.92). Even
with these adjustments, older people who did not meet the rec-
ommended protein intake remained 2.19 times more likely to ex-
perience loss of muscle strength.

Correlations coefficients between protein intake with
SMI and handgrip strength

Figure 2 shows the correlation coefficients between protein in-
take with SMI and handgrip strength. A significant positive cor-
relation was observed between protein intake and SMI (r=0.354,
p<0.001) (Figure 2A) and between protein intake and handgrip
strength (r=0.358, p<0.001) (Figure 2B) across all participants.

Discussion

This study mainly found that older people who did not meet the
recommended protein intake exhibited a decline in muscle mass

that was approximately 2.16 times greater compared with those
who met the recommended protein intake. Similarly, participants
who did not meet the recommended protein intake exhibited a
decline in muscle strength that was approximately 2.31 times
greater compared with those who met the recommended pro-
tein intake. Additionally, increasing protein intake was positively
correlated with increasing SMI and handgrip strength.

Muscle is the most essential body component and plays a
pivotal role in maintaining a healthy life, being directly or indi-
rectly related to strength, energy balance and/or immunity. Basal
metabolic rate decreases during normal ageing, with involuntary
muscle loss of 1%-2% per decade after the age of 30 y and ap-
proximately 3%-8% per year after the age of 50 y.'® Sarcopenia,
a progressive and generalised skeletal muscle disorder charac-
terised by accelerated loss of muscle mass and function, is as-
sociated with negative outcomes, including falls, functional de-
cline, frailty and mortality.?® There are two most effective ways
to prevent and improve sarcopenia in older people. First, physi-
cal activity and/or exercise have a positive effect on muscle mass
and muscle function in people aged >65 y.2° Second, physical
activity, exercise and adequate protein intake positively impact
muscle protein synthesis and, thus, the prevention and treat-
ment of sarcopenia.?! While most studies agree on the benefits of
physical activity or exercise, the research on protein intake is still
controversial. This study examined the physical activity and food
intake of South Koreans aged >65 y according to their form of sar-
copenia. Older males and females shows significant differences
in MVPA, and food intake was higher in the normal group than
in the sarcopenia groups (ML, SL and ML+SL). Evidence from sys-
tematic reviews, meta-analyses and randomised controlled trials
showed the effects of exercise training on muscle mass, strength
and physical performance in older people with sarcopenia.?? Re-
sistance physical activity or exercise, which involves low repeti-
tions against moderate-to-high resistance and contractions of
different muscle groups, primarily influences muscle mass and
strength in older people with sarcopenia.?? Aerobic physical activ-
ity or exercise, which involves high repetitions and large muscle
groups, increases mitochondrial energy production and capillary
density to improve oxygen extraction and muscular endurance.
Resistance training is more commonly recommended for older
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Figure 2. Pearson’s correlation coefficients for protein intake with skeletal muscle index and handgrip strength.

people with sarcopenia, but both forms of physical exercise pos-
sess a common feature: both involve muscle contraction. There-
fore, older people with sarcopenia should be actively engaging in
muscle contraction activities. Skeletal muscle contraction is as-
sociated with the generation of reactive oxygen species, which

can act as signalling molecules that stimulate cellular adapta-
tion through the activation of redox-sensitive pathways, includ-
ing nuclear factor-kB, mitogen-activated protein kinases and per-
oxisome proliferator-activated receptor-y activator-1e.?> These
signalling pathways mediate some effects of physical exercise,
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including mitochondrial biogenesis, antioxidant defence, inflam-
mation, apoptosis, autophagy and protein turnover.?® Therefore,
protein intake in older people with sarcopenia is important to
influence protein turnover and cell growth to maintain muscle
mass, function and homeostasis.

The availability of amino acids, the building blocks of proteins,
is an important factor in regulating muscle protein metabolism,
and the interaction between postphysical exercise metabolic pro-
cesses and increased amino acid availability maximises the stim-
ulation of muscle protein synthesis.?” Sarcopenia is a condition in
which the body, already depleted of protein due to ageing, can-
not withstand protein catabolism resulting from acute illness or
inadequate protein intake.?® In participants with low protein in-
take, a longitudinal decline in muscle function (neuromuscular
function and strength at 3 wk) was observed before changes in
muscle mass (2.3 kg at 9 wk).?° Protein intake higher than the
recommended dietary allowance is associated with higher short
physical performance battery scores, faster walking speed and
improved lower extremity and isometric strength and balance.*®
Our study provides compelling evidence that older individuals
who did not meet the recommended protein intake were 2.16
times more likely to experience loss of muscle mass than those
who did meet these recommendations. Additionally, those who
did not meet the recommended protein intake were 2.31 times
more likely to exhibit loss of muscle strength. If protein intake
is lower than the body’s daily need, then this might cause pro-
tein imbalance, skeletal muscle atrophy, impaired muscle growth
and decreased function. Thus, consuming enough protein is im-
portant to prevent muscle wasting and maintain skeletal muscle
mass and function in older people.?! The current recommended
dietary allowance (RDA) for protein intake (0.8 g protein/kg of
body weight/d) is the same for all adults, regardless of age or
gender.>? The estimated average requirement (EAR) is the aver-
age daily nutrient intake level (0.66 g/kg of body weight/d) nec-
essary to meet the protein needs of one-half of healthy adults.??
Both the RDA and EAR are Western standards, and the recom-
mended protein intake for Koreans is 60 g/d for males and 50 g/d
for females.?* Discussions and research on protein intake are
ongoing, with many differing opinions based on demographics,
health conditions and other factors. The RDA protein recommen-
dation for older people is low; for optimal health, older adults
should consume 1.0-1.2 g/kg body weight/d.?> In this study, we
found a positive association between protein intake and SMI and
handgrip strength in older people. These findings are supported
by evidence that while it might be necessary to increase protein
intake, meeting a minimum protein intake recommendation is
very important.

The current study has some limitations that warrant atten-
tion. First, the current data from the ninth KNHANES are only
available for ASM measured by the BIA method. In the future,
analysing more precise data by measuring ASM through dual-
energy X-ray absorptiometry will be necessary. Second, although
the study targeted adults aged >65 y, the medical conditions of
participants were not assessed. Finally, because the evaluation
of physical activity was conducted by a questionnaire, an objec-
tive evaluation should be made in future studies. In addition to
physical activity, resistance training is a popular way to increase
muscle mass. Further intervention studies of protein intake and
resistance training in older people with sarcopenia are needed.

Conclusion

This study demonstrates the relationship between protein in-
take and muscle mass and strength among older people. Our
findings offer robust evidence that older individuals who do not
meet the recommended protein intake are more likely to ex-
perience a loss of muscle mass and strength compared with
those who meet the recommended protein intake. Addition-
ally, we found that MVPA was significantly higher in the normal
group compared with all other groups. In older individuals, the
OR was even more pronounced, underscoring the importance
of increased MVPA and protein intake. Therefore, we strongly
advocate for increasing protein intake and physical activity to
mitigate sarcopenia and improve daily living activities for older
individuals.
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