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ABSTRACT: The purpose of this meta-analysis was to comprehensively analyze the relationship between intervention (di-
etary supplementation and physical exercise), body composition, and physical activity capacity in middle-aged women with
sarcopenia. A total of 19 studies published in the last ten years were selected. The overall effect size was small (0.29; 95%
confidence interval: 0.195~0.385). The Q value was 100.214 and the Higgin’s I* value was 82.038. Each study was found
to be heterogeneous and there was no publication bias. The effect size was increased when the number of study partici-
pants increased from 50 to 100 and when dietary vitamin D supplementation was combined with resistance exercise. Fur-
thermore, the effect on physical activity capacity was higher than that on body composition. In conclusion, dietary vitamin

D supplementation combined with resistance training had a positive impact on middle-aged women with sarcopenia.
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INTRODUCTION

The number of elderly people is increasing rapidly world-
wide (United Nations, 2019). According to the World
Population Prospects 2019 released by the United Na-
tions, the percentage of senior citizens aged 60 or older
increased from 9.9% in 2000 to 13.5% in 2020, with
14.6% female senior citizens in 2020. In Korea, the pop-
ulation of senior citizens aged 60 or older is expected to
increase very rapidly, with estimated populations of 30.8
billion in 2000, 65.2 billion in 2020, and 112.8 billion in
2050 (United Nations, 2019).

Degenerated diseases such as sarcopenia are increasing
due to the rapidly increasing number of elderly people
(Hong and Choi, 2012). Globally, the percentage of eld-
erly people aged 60 and over with sarcopenia is estimated
to be 10% (Pacifico et al., 2020). Depending on diagnos-
tic criteria, pathological conditions, and gender, this per-
centage can be as high as 50% (Papadopoulou, 2020). The
prevalence rate of sarcopenia in Korean adults is 17.7%
for women aged 20 to 39 years, 30.8% for those aged 40
to 64 years, and 41.8% for those aged 65 years and older
(Bae and Kim, 2017).

Sarcopenia is a compound word (Rosenberg, 1989) com-
prising ‘sarx’, which means muscle, and ‘penia’, which
means reduction. Rosenberg (1989) first introduced the
concept of ‘sarcopenia’. Initially, muscle function was
simply defined as bone muscle mass. However, since
2010, the term sarcopenia has been used to describe re-
duced muscle mass and muscle strength due to aging
(Rosenberg, 2011).

There are several mechanisms involved in the occur-
rence of sarcopenia. Typical factors include an imbalance
of nutrition and decreased muscle mass (Hughes et al.,
2002; Calvani et al., 2014), hormonal imbalance due to
aging (Urban, 2011), and inflammatory phenomena
(Peake et al., 2010). However, sarcopenia is more than a
simple change in muscle mass (Di Monaco et al., 2011;
Visser and Schaap, 2011). Sarcopenia can cause a variety
of health problems such as decreased physical activity (da
Silva Alexandre et al., 2014), high blood pressure (Han et
al., 2014), metabolic syndrome (Lim et al., 2010), frailty
(Morley et al., 2014), cardiovascular disease (Bae and
Kim, 2016), and increased mortality (Batsis and Villareal,
2018). Therefore, it is necessary to prevent sarcopenia
from middle age, which is the pre-stage of being elderly in
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the life cycle, through physical exercise and dietary sup-
plementation (The Korean Society of Sarcopenia, 2017),
both common interventions for sarcopenia without de-
pending on drugs. Prevention of sarcopenia starting in
middle age can ultimately affect quality of life of the eld-
erly (Oztiirk et al., 2018).

Most domestic and international meta-analyses related
to sarcopenia have only calculated the effect size of in-
terventions for sarcopenia of people aged 65 or older. To
date, no meta-analyses have investigated the effect size
of interventions on sarcopenia in middle-aged women.
Therefore, the purpose of this study was to perform a
meta-analysis to comprehensively analyze the relation-
ship between interventions, body composition and phys-
ical activity capacity based on studies published in the
past 10 years (2009 to 2019). In total, 19 studies report-
ing effective physical exercise and dietary supplementa-
tion interventions for sarcopenia in middle-aged women
were selected.

MATERIALS AND METHODS

Search strategy and selection methods

The following search engines were used for a systematic
search: Research Information Sharing Service (RISS), Na-
tional Digital Science Library (NDSL), National Assembly
Library (NAL), and National Center for Medical Informa-
tion and Knowledge (NCMIK) for the Korean databases;
Cochrane Library and PubMed (MEDLINE) for the inter-
national databases. The following terms were used as
search terms: ‘sarcopenia’, ‘middle-aged’, and ‘women’.
Studies were included if they met the following criteria:
1) published in the last 10 years from January 2009 to
July 2019; 2) related to the effect of physical exercise and
dietary supplementation on sarcopenia; 3) participants
were middle-aged women aged under 65 years; 4) studies
that provided mean and standard deviation (SD) for each
group used for comparison. Exclusion criteria were: 1)
studies that combined results of middle-aged with sen-
escence, or men and women; 2) studies that used drugs
or hormones for intervention. To improve the accuracy of
the search, three Ph.D. students, including the researcher,
conducted three or more searches for each search term.

Characteristics of selected studies

In this study, the sizes of the effects of interventions on
body composition and physical activity capacity were an-
alyzed according to the study design method, study peri-
od, number of subjects, and intervention types. First,
‘study design’ and ‘study period’ were considered for the
meta-analysis. ‘Study design’ was divided into ‘unmatched
group pre-post’ and ‘one group pre-post’. ‘Study period’
was based on 15 weeks, divided into before and after. All

participants were middle-aged women aged under 65
years old. The ‘number of subjects’ was divided to 50.
However, because the total number of subjects in studies
and the number of people actually divided did not co-
incide, the analysis for the number of study subjects was
conducted based on the number of participants in the
group, not the total number. Third, the ‘type of inter-
vention’ was divided into dietary supplementation and
physical exercise and the ‘form of intervention’ was clas-
sified as either single and combined. For dietary supple-
mentation, effect sizes for vitamin D and protein were
analyzed. For physical exercise, effect sizes for aerobic
exercise and resistance training were analyzed.

Quality assessment

Quality assessment was used to eliminate or minimize
the possibility of bias (Lim et al., 2011). The Cochrane
tool for evaluating prospective randomized controlled
double-blind clinical trials (Lim et al., 2011) was used.

Measurements and interpretation of intervention effect size
Effect size refers to a standardized scale by a standard-
ization process that changes results on individual scales
to the same scale. Effect size was measured to examine
estimates using standardized mean differences of D fam-
ily, as presented by Cohen (1988), and 95% confidence
interval.

Statistical analysis

The meta-analysis was performed using the comprehen-
sive meta-analysis version 3 program developed by Bio-
stat in the USA in 1986. For heterogeneity analysis, we
applied visual plots such as forest plot, Q statistics and
Higgin’s I statistics. Due to different characteristics of
the included studies, random effect models were selected
to calculate pooled effect measures. As a method of ex-
amining publication bias, the funnel plot method and
trim-and-fill (Duval and Tweedie, 2000) technique were
used to compare observed values.

RESULTS AND DISCUSSION

Selection and inclusion of studies

When conducting the systematic search, we identified
1,552 relevant studies in the Cochrane Library, PubMed,
RISS, NDSL, NAL, and NCMIK databases. A total of 669
studies remained after duplicates were removed, of which
621 were excluded after initial screening of the title and
abstract. Full texts of the remaining 48 studies were re-
viewed in detail, and 29 were excluded due to no follow
up, no dietary supplementation or exercise intervention,
different age cohorts, or no information for mean and SD.
The procedure used for searching and selecting studies
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Records identified through Cochrane Library (57),
PubMed (548), RISS (19), NDSL (28),
NAL (5), NCMIK (895) database searching
(n=1,552)

y

Records after duplicates removed
(n=669)
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according to the preferred reporting items for systematic
reviews and meta-analysis flow (PRISMA) diagram is
presented in Fig. 1. A total of 19 research studies (4 do-
mestic and 15 foreign studies) satisfying the population,
intervention, comparison, outcome, study design (PICOS)
criteria were selected for inclusion in the meta-analysis.

Full-text articles excluded
(n=29)

Main reasons were:
doesn't have follow-up,
not supplementary or
exercise intervention,
different age cohorts,
missing mean and SD

Fig. 1. PRISMA flow chart for the lit-
erature searching strategy and pro-
cedure for study selection. PRISMA,
preferred reporting items for sys-
tematic reviews and meta-analysis:
RISS, Research Information Sharing
Service; NDSL, National Digital Sci-

ence Library; NAL, National Assem-
bly Library: NCMIK, National Center
for Medical Information and Know-
ledge; SD, standard deviation.

Characteristics of the selected studies

Characteristics of the studies included in the meta-anal-
ysis are shown in Table 1. The 19 selected studies were
published from 2009 to 2019 (over the last 10 years), and
were conducted in the following countries: USA (n=1),
Brazil (n=4), South Korea (n=4), Taiwan (n=1), Thai-

Table 1. Characteristics of the studies included in the meta-analysis (n=19)

Reference Publication Country Age (yr) N Intervention dﬁsggzn
Cangussu et al. (2015) Osteopros Int Brazil 59.05+6.65 160 Vitamin D 9 mon
Mason et al. (2013) Med Sci Sports Exerc USA 57.92+5 439  Low calorie diet+aerobic 12 mon
Hsu et al. (2015) Geriatr Gerontol Int Taiwan 62.77£7.48 154  Circuit exercise, Tai Chi 12 wk
Francis et al. (2017) Biogerontology UK 61.09+5.09 57  Proteintresistance training 12 wk
Hamaguchi et al. (2017) BMC Geriatr Japan 60.51+2.49 15  Power training 6 wk
Sammarco et al. (2017) Obes Facts Italy 5549.6 18  Protein 4 mon
Hojan et al. (2013) Eur J Phys Rehabil Med Poland 443£4.9 41  Aerobic, resistance training 18 mon
Nunes et al. (2016) Age (Dordr) Brazil 60.91%6.16 32 Resistance training 16 wk
Nabuco et al. (2018) Nutrients Brazil >60 66  Hydrolyzed whey protein+ 12 wk

resistance training
Orsatti et al. (2018) J Diet Suppl Brazil 57.8+7.83 32  Soy protein+ 16 wk
resistance training
Iolascon et al. (2017) Adv Ther Italy 68.01+£9.13 113  Calcifediol 6 mon
Cho and Jang (2018) Korean J Sport Korea 45.35+4.95 45  Rope training 12 wk
Ring-Dimitriou et al. (2009) Eur J Appl Physiol Austria 50.32+3.04 42  Resistance training 12 wk
Oh et al. (2018) JKSLES Korea 39+2.61 13 Twisting training 8 wk
Moslehi et al. (2013) BiolTrace Elem Res Iran 46.3+4.21 69  Magnesium 8 wk
Abiri et al. (2016) Nutr Food Sci Res Iran 45.47+2 .86 71 Vitamin D 12 wk
Choi (2018) Kyungsung University Korea 59.58+4.51 41  Gamma-aminobutyric acid+ 12 wk
resistance training
Suebthawinkul et al. (2018) Climacteric Thailand 55+3.16 88  Vitamin D 12 wk
Lee (2017) JKOEN Korea 52.05£3.71 24 Circuit training 12 wk

N, number of participant.
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land (n=1), Japan (n=1), Iran (n=2), Italy (n=2), Poland
(n=1), UK (n=1), and Austria (n=1). The number of
participants varied from 13 to 439, with a total of approx-
imately 1,520 participants. The follow-up study period
varied from 6 weeks to 18 months. Intervention factors
included vitamin D, vitamin Djs, protein, whey protein,
soy protein, gamma-aminobutyric acid, magnesium, calci-
fediol, and low-calorie diet dietary intervention. Physical
exercise included aerobic, circuit exercise, Tai Chi, resist-
ance training, power training, rope training, and twisting
training.

Heterogeneity tests and overall effect sizes

Results and forest plots of the 19 included studies are
shown in Table 2 and Fig. 2. A total of 152 effect sizes
were derived. For homogeneity testing, Q tests at a sig-
nificance level of 0.001 confirmed that the overall Q val-
ue was not homogeneous at 100.214, with the value of
Higgin’s I’ for heterogeneity was high at 82.038. There-
fore, a random effect model was selected and used for
analysis. Using the random effect model, the overall effect
size was 0.290, which appeared to be less effective nu-
merically. However, considering a gradual loss of muscle
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with aging (Hughes et al., 2002), the overall effect size
was significant because it had a positive effect with the
potential to prevent the occurrence of sarcopenia in mid-
dle-aged women. One study on the effect size of interven-
tions for sarcopenia in the elderly (Lee and Kim, 2020)
reported a higher overall effect than the present study.
This may be because sarcopenia is not generally serious
in middle age and that the prevalence of sarcopenia is
higher in old age (Bae and Kim, 2017), leading to a more
pronounced effect on the elderly.

Publication bias

To explore the validity of this study, we examined pub-
lication bias of individual effect sizes through a funnel plot
(Fig. 3). From the funnel plot, we determined the distrib-
ution of the effect size to be symmetrical overall. How-
ever, checking publication bias through the funnel plot
could be subjective depending on the researcher, which
might hinder the validity of the research. For a more ac-
curate analysis, the trim-and-fill technique (Duval and
Tweedie, 2000) as a method for confirming publication
bias was additionally used. As shown in Fig. 3 and Table
2, there was no change in the estimated value (Fig. 3A)

Table 2. Overall intervention effect sizes of sarcopenia including Duval and Tweedie’s trim and fill test results

Studies Point

Value K : . 95% CI Q P-value P
trimmed estimate
Observed value 19 - 0.290 0.195~0.385 100.214 P<0.001 82.038
Adjusted value 19 0 0.290 0.195~0.385 100.214 P<0.001 82.038

Data from the article of Duval and Tweedie (2000).

K, number of studies; Cl, confidence interval: Q, Q statistics; 7, Higgin's P statistics.

Study name Statistics for each study Hedges’s g and 95% Cl
Hedges's Standard Variance Lower Upper Z-value P-value Relative
g error limit  limit weight
Cangussu et al. (2015) 0.318 0.079 0.006 0.163 0.474 4.009 0.000 — 5.46
Mason et al. (2013) 0.102 0.047 0.002 0.009 0.194 2.159 0.031 Hl- 15.56
Hsu et al. (2015) 0.093 0.066 0.004 -0.037 0.223 1.396 0.163 i 7.81
Francis et al. (2017) 0.148 0.049 0.002 0.052 0.244 3.008 0.003 k3 14.22
Hamaguchi et al. (2017) 0.281 0.283 0.080 -0.275 0.837 0.991 0.322 = 0.43
Sammarco et al. (2017) 0.183 0.125 0.016 -0.063 0.428 1.459 0.145 +—— 2.20
Hojan et al. (2013) 0.206 0.063 0.004 0.082 0.330 3.248 0.001 B 8.56
Nunes et al. (2016) 0.315 0.149 0.022 0.024 0.606 2.120 0.034 —a— 1.56
Nabuco et al. (2018) 0.240 0.105 0.011 0.034 0445 2.289 0.022 —— 3.13
Orsatti et al. (2018) 0.720 0.097 0.009 0.531 0.910 7.448 0.000 —— 3.68
lolascon et al. (2017) 0.618 0.058 0.003 0.504 0.732 10.664 0.000 E & 10.24
Cho and Jang. (2018) 0.404 0.054 0.003 0.299 0.508 7.540 0.000 L 3 12.01
Ring-Dimitriou et al. (2009) 0.209 0.100 0.010 0.014 0.404 2.098 0.036 — 3.47
Oh et al. (2018) 0.261 0.234 0.055 -0.199 0.721 1.113 0.266 —_—— 0.63
Moslehi et al. (2013) 0.127 0.119 0.014 -0.106 0.361 1.069 0.285 —— 2.42
Abiri et al. (2016) 0.535 0.170 0.029 0.201 0.869 3.141 0.002 —a— 1.18
Choi. (2018) 0.369 0.084 0.007 0.205 0.533 4.413 0.000 — 4.91
Suebthawinkul et al. (2018) 0.085 0.122 0.015 -0.155 0.324 0.692 0.489 —i— 2.31
Lee. (2017) 0.436 0.399 0.159 -0.347 1.218 1.091 0.275 " 0.22
-1.50 -0.75 0.00 0.75 1.50
Favours A Favours B

Fig. 2. Forest plot for the overall interventions of the 19 selected studies.
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Fig. 3. (A) Funnel plot for the evaluation of publication bias of sarcopenia: observed values. (B) Funnel plot for the evaluation
of publication bias of sarcopenia: adjusted values.

or adjusted value (Fig. 3B) after the indicated correction, Intervention effect size by the designs of the included

indicating no publication bias. Thus, the validity of this  studies
study was confirmed. The study designs were classified into an unmatched

Table 3. Effect sizes on sarcopenia by study parameter

Factor K ES 95% CI Q P-value
All 19 0.290 0.195~0.385 100.214 P<0.001
Study method

Study design Unmatched group pre-post 80 0.191 0.138~0.245 51.208 P<0.001
One group pre-post 72 0.343 0.272~0.414 132.298 P<0.001

Study period Before 15 wk 107 0.238 0.188~0.288 95.872 £<0.001
After 15 wk 45 0.325 0.238~0.412 100.600 P<0.001

Study subject (no)

Participant 1< to <50 130 0.272 0.226~0.318 132.602 P<0.001
50< to <100 11 0.306 0.134~0.478 28.121 P<0.001
>100 11 0.202 0.051~0.353 37.502 P<0.001

Intervention form

Single Dietary Total 42 0.262 0.179~0.345 76.333 P<0.001
intervention supplementation  Vitamin D 14 0416 0.269~0.563 38.022 P<0.001
Protein 21 0.138 0.035~0.241 8.032 P<0.01
Physical exercise  Total 72 0.247 0.185~0.310 75.814 P<0.001

Aerobic exercise 16 0.096 —0.004~0.196 2.470 P<0.1
Resistance 50 0.354 0.262~0.445 55.262 P<0.001

training

Combined intervention 38 0.329 0.225~0.433 55.691 P<0.001

Anthropometric measurements
Body Total 80 0.162 0.114~0.211 33.072 P<0.001
composition  Single Total 61 0.153 0.098~0.207 19.351 P<0.001
intervention Dietary 16 0.164 0.070~0.258 3.904 P <0.001

supplementation

Physical exercise 45 0.147 0.080~0.213 15.357 P<0.001
Combined 19 0.201 0.093~0.309 13.114 P<0.001

intervention

Capacity of Total 72 0.412 0.335~0.488 120.997 P<0.001

physical Single Total 53 0.400 0.310~0.489 93.263 P<0.001
activity intervention Dietary 26 0.321 0.201~0.441 58.412 P<0.001
supplementation
Physical exercise 27 0.510 0.380~0.640 32.089 P<0.001
Combined 19 0.449 0.296~0.601 27732 P<0.001
intervention

K, number of studies; ES, effect size (point estimate); CI, confidence interval: Q, Q statistics.



Meta-Analysis of Sarcopenia in Middle-Aged Women 385

group pre-post and one group pre-post group. Differences
and the significances of the effect sizes according to the
duration of the study period were divided into before and
after 15 weeks. The effect sizes are shown in Table 3.

The effect size of the unmatched group pre-post was
0.191, and the effect size of the one group pre-post was
0.343, thus it was more effective to experiment with one
group. From reviewing 7 studies, vitamin D and resist-
ance exercise, which were used as interventions in six
studies, were found to have high effect sizes. In addition,
4 of 7 studies were conducted over a period of at least 15
weeks and were found to have high effect sizes. Thus, it
can be predicted that the effect size of studies conducted
on a single group is higher. From analyzing the effect size
according to the study period, the effect size was 0.238
when the study period was less than 15 weeks and 0.325
when the study period was more than 15 weeks.

Intervention effect size according to the study subjects
The number of study subjects and the countries in which
they were conducted are shown in Table 3. The number
of study subjects was classified as either less than 50, 50
to 100, or 100 or more. The effect size was 0.272 for less
than 50 subjects, 0.306 for 50 to 100 subjects, and 0.202
for more than 100 subjects. Although only 11 studies had
50 to 100 subjects, the highest effect size was shown for
these studies. Therefore, 50 to 100 subjects would be
suitable for efficient management and control.

Intervention effect size according to the type and form of
the intervention method

Effect sizes according to the type and form of the inter-
ventions are presented in Table 3. Single intervention was
classified as dietary supplementation or physical exercise.
Supplemental dietary factors included vitamin D and pro-
tein, and physical exercise factors included aerobic and
resistance training.

The effect size for a single intervention of supplemen-
tal dietary factors was 0.262. The effect sizes of vitamin
D and protein were 0.416 and 0.138, respectively. Effect
sizes for a single intervention of total physical exercise,
aerobic exercise, and resistance exercise were 0.247,
0.096, and 0.354, respectively. The effect size of both di-
etary supplementation and physical exercise was 0.329,
larger than that of either intervention alone. This was
consistent with findings by Hita-Contreras et al. (2018),
who reported greater effect sizes for simultaneous inter-
ventions compared with single interventions.

When effect sizes were comprehensively compared, the
largest effect sizes were shown for vitamin D consump-
tion (dietary supplementation) and resistance training
(physical exercise). Also, effect sizes were greater when
dietary supplementation and physical exercise interven-
tions were combined in parallel than with a single inter-

vention. Therefore, when developing programs to prevent
or improve sarcopenia for middle-aged women, vitamin
D rich food intake and resistance training should be in-
cluded.

Intervention effect sizes based on anthropometric meas-
urements

We also performed subgroup analysis based on anthro-
pometric measurements (body composition and capacity
of physical activity) (Table 3). In this study, capacity of
physical activity had a higher effect size (0.412) than
body composition (0.162), indicating that it is more ef-
fective to improve physical activity capacity than body
composition. Thus, physical activity capacity rather than
body composition can be improved in sarcopenia since
dietary supplementation and physical exercise interven-
tions could have a positive effect on muscle function.

To examine the relationship between anthropometric
measurements (body composition and physical activity
capacity) and intervention type, a sub-analysis was con-
ducted. In most cases, the effect size was higher for com-
bined interventions than for single interventions.

The effect size of body composition was 0.201 for com-
bined interventions, 0.164 for a single dietary supplemen-
tation intervention, and 0.147 for a single physical ex-
ercise intervention. The effect size of physical activity ca-
pacity was 0.510 for a single physical exercise interven-
tion, 0.449 for combined interventions, and 0.321 for a
single dietary supplementation intervention. The effect
size analysis showed that physical exercise was more ef-
fective than dietary supplementation to improve physical
performance.

In this study, a meta-analysis was conducted to deter-
mine the effectiveness of dietary supplementation and
physical exercise for sarcopenia in middle-aged women
based on studies published in the past 10 years. The over-
all effect size of sarcopenia in middle-aged women was
0.290.

From comparing study characteristics and effect of each
intervention variable, the effect size was found to be
greater if the study design was a one group pre-post, the
study period was 15 weeks or longer, and the study had
50 to 100 subjects. In addition, dietary supplementation
was better than physical exercise, and combined inter-
ventions were better than single interventions.

Based on the results from this study, when developing
a program for preventing or improving sarcopenia for
middle-aged women, resistance exercise in addition to
vitamin D supplementation should be considered. From
analyzing the effect sizes of the interventions for sarco-
penia on anthropometric measurements, the effect sizes
for physical activity capacity was higher than for body
composition. Thus, a combination of dietary supplemen-
tation and exercise therapy could improve physical activ-
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ity capacity more than dietary supplementation or exer-
cise intervention alone.
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