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Abstract
The objective of this systematic review and meta-analysis is to examine the effects of resistance exercise training 
on muscle stem cells in older adults. A database search was performed (PubMed, Scopus, Web of Science and 
Google Scholar) to identify controlled clinical trials in English language. The mean difference (MD) with 95% confidence 
intervals (CIs) and overall effect size were calculated for all comparisons. The PEDro scale was used to assess the 
methodological quality. Nineteen studies were included in the review. The meta-analysis found a significant effect of 
resistance training (RT) on muscle stem cells in the elderly (difference in means=-0.008, Z=-3.415, P=0.001). Also, 
muscle stem cells changes were similar in men and women (difference in means=-0.004, Z=-1.558, P=0.119) and 
significant changes occur in type II muscle fibers (difference in means=-0.017, Z=-7.048, P=0.000). Resistance-type 
exercise training significantly increased muscle stem cells content in intervention group that this result is similar in men 
and womenthis increase occurred more in type II muscle fibers.  
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Introduction

Ageing leads to a decrease in the ability to regenerate 
body tissues in all obstetric species. This is mainly due 
to a functional decrease in the tissue-resident stem cell 
population. The population of skeletal muscle resident 
stem or satellite cells are numerically and functionally 
compromised, and the microenvironment (the niche) of the 
satellite cell becomes less supportive (1). About 40 to 50% 
of the adult human body weight is composed of muscle. 
Approximately 600 of these muscles comprise the largest 
tissue in the body. Mononuclear stem cells of skeletal 
muscles were first identified half a century ago by Mauro 
(2). The unique self-renewal and multiple differentiation 
capabilities of these cells have led to tremendous interest 
in investigating their applications in muscle regeneration 
and repair (3). Satellite cells play an important role in 
postnatal growth and regeneration of skeletal muscles 
in mammals. Muscle fibre hypertrophy is caused by the 
addition of satellite cell nuclei to existing myofibres. 
Also, the satellite cell population has the nuclear reserve 
to enable muscle regeneration (2).

Resistance exercise is usually recommended to prevent 
or reverse age-related loss of skeletal muscle capacity and 
size, which can compromise independence in activities 
of daily living and quality of life (4). Unfortunately, the 
hypertrophic response of skeletal muscle to resistance 
exercise is less observed or delayed in older adults (5). To 

date, the full mechanism of this delayed response remains 
unknown; however, impaired ribosome biogenesis, 
translational efficiency defects in anabolic hormones, 
low-grade inflammation, and low fibre capillarization 
with ageing may play a role (6). 

Evidence has shown that resistance exercise increases 
the number of satellite cells and increases muscle fibre size 
in the elderly (7). However, the response of satellite cells 
to a single bout of exercise may decrease or be delayed 
with ageing (8). The slow and delayed response of satellite 
cells with ageing may be a limiting factor for muscle fibre 
hypertrophy, as the response to progressive resistance 
training appears to be related to satellite cell content or 
mode of response (9). As a source of new myonucleus, 
satellite cells play a key role during hypertrophy when 
myonucleus addition is needed (10).

Resistance and endurance exercise via endo-, para-, 
or autocrine mechanisms activate satellite cells from 
a quiescent state where they undergo proliferation, 
commitment, and differentiation to add myonuclei to 
pre-existing myofibrils or self-renew, and return to 
the quiescent state. During early stages of myogenic 
Lineage Pax7, CD56, and Myf5 derive the activation and 
proliferation process; however, at later stages MRF4 and 
myogenin have a master regulatory role by controlling 
terminal differentiation (11).
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Pax7 transcription factor plays a crucial role in the 
formation and differentiation of skeletal muscle precursor 
cells during embryonic development. It controls the 
expression of other myogenic regulators and also acts as 
an anti-apoptotic factor. MyoD is a 3D genome structure 
organiser for muscle cell identity.  CD56 is the archetypal 
phenotypic marker of natural killer cells but can actually 
be expressed by numerous immune cells, including alpha 
beta T cells, gamma delta T cells, dendritic cells, and 
monocytes. Myogenin is a muscle-specific transcription 
factor that can induce myogenesis in a variety of cell types 
in tissue cultures and is essential for the development of 
functional skeletal muscle. Although myogenic regulatory 
factor MRF4 is highly expressed in adult skeletal muscle, 
its function is unknown (2).

Our literature searches and research thus far indicate that 
no meta-analysis study has been done regarding the effect 
of resistance training on muscle stem cells in the elderly. 
Therefore, it is innovative and necessary to carefully study 
the effects of resistance exercise training on muscle stem 
cells in older adults. The aim of our study is to investigate 
these effects according to our three hypotheses: i. The 
effects of resistance exercise training on muscle stem cells 
in the older adult trained group are higher than the control 
group; ii. The effect in an older male group is higher than 
in an older female group; and iii. There are more type 2 
muscle fibres than type 1 in the elderly who partake in 
resistance training.

.
Materials and Methods
Protocol and registration

The present systematic review study protocol was 
registered prospectively in the PROSPERO database with 
the registration code CRD42022345876 and can be found 
at: http://crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42022345876.

Literature search strategy
We applied the PRISMA strategies to report this 

meta-analytical review (12). Independent searches were 
conducted by two researchers of the PubMed, Web of 
Science, Scopus, and Google Scholar databases to extract 
eligible health and sports-related studies. The search was 
conducted from June 1, 2022, until August 7, 2022. The 
search conditions included three steps combined with 
Boolean sentences (AND/OR). The first search step 
used the research phrases "strength exercise OR exercise 
training OR resistance exercise OR resistance training 
OR strength training OR physical activity,"; the second 
step used "AND (satellite cell OR pax7 OR MyoD OR 
CD56 OR Myogenin OR Mrf4 OR Muscle stem cell)"; 
and the third step used "AND (old OR elderly OR older 
adults OR ageing)". The screening process included the 
title, abstract, and full text. First, all articles identified in 
the search were screened manually by the two researchers 
and discussed for competency. All of the chosen titles 
were then moved to a reference management software 

(EndNote, version 20). Both researchers screened the 
abstracts separately and then discussed them. Irrelevant 
studies were excluded and the full texts were screened for 
the final inclusion/exclusion of the articles.

Study inclusion and exclusion criteria
We used the PICOS approach [population (P), 

intervention (I), comparators (C), main outcome (O) and 
study design consider (S)] to define the inclusion and 
exclusion criteria. Only studies with a full text published 
in the English language and target group of individuals 
60 years and older (P) were included in the meta-analysis. 
The inclusion criterion was that the study had to be an 
intervention study (I) with resistance training (at least 
two weeks) as a controlled trial. There should be at least 
one control group in each article (C). Muscle stem cells 
that consisted of satellite cells, Pax7, MyoD, CD56, 
Myogenin or Mrf4 (O) should be reported in the article as 
the pre-test and post-test (S). Exclusion criteria were the 
use of dietary supplements or changes in the diet as part 
of the intervention.

Study selection
Two reviewers separately screened the titles and 

abstracts, and read the full texts of the eligible studies. 
Differences of opinion were resolved by discussion 
between the two authors. 

Methodological quality assessment
The The methodological quality of the eligible 

randomised controlled trials was rated using the PEDro 
scale. The PEDro score includes 11 criteria comprised of 
concealed allocation; random allocation; blind subjects; 
baseline comparability; blind assessor; blind therapists; 
intention-to-treat-analysis; adequate follow-up; point 
estimates and variability; between groups comparisons. 
Eligible trials received either a "yes", or "no" rating. The 
maximum PEDro concession is 10 points (13).

Data extraction
The results of the muscle stem cell data were extracted 

and transferred to a separate Excel sheet that contained all 
of the information for the relevant calculations described 
in the statistical analysis section. Other pertinent article 
information [year, author, number of participants, body 
mass index (BMI), participants’ characteristics (gender), 
intervention groups, and details about the intervention] 
were extracted and are shown in Tables 1-3. 

Statistical analysis

Statistical analyses were conducted using the 
Comprehensive Meta-Analysis Software version 2.0. We 
performed a meta-analysis to specify the change in pre-
test and post-test muscle stem cell data by calculating 
the standardized mean difference (SMD) between the 
intervention and control groups with a 95% confidence 
interval (CI). We also use this software to analyse the 
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heterogeneity of the studies, followed by Begg and 
Egger,s tests to determine publication bias.

Results
We identified 689 studies according to the search 

strategy; after screening, there were 57 related studies. 
We excluded 27 studies after reviewing their abstracts and 
the full text because they did not meet the study criteria. 
Hence, 19 articles met the inclusion criteria and were 
included in the study (Tables 1-3). All of the included 
studies had a PEDro score of 5 or higher, with an average 
score of 6.21 ± 0.91.

Comparison of control and intervention groups
The our findings showed a significant effect of resistance 

exercise on muscle stem cells in older adults [difference 
in means: -0.008, standard error (SE)=0.002, P=0.001, 
Fig.1A]. A subgroup analysis of CD3-CD56+CD16+, 
CD4+/CD8+ and satellite cell resistance training indicated 
a significant effect between the control and intervention 

groups on muscle stem cells in the elderly; however, CD3-
CD56+CD16+ was not significant. Our findings showed 
that resistance training significantly increased satellite 
cell content in the intervention group. The funnel plot in 
Figure 1B does not show any significant publication bias. 
In other words, these findings are largely trustworthy. 
Begg’s test (P=0.26) and Egger’s test (P=0.09) results 
show no significant publication bias in this study.

In this meta-analysis, forest plots that report the I2 

statistic [total (95% CI)] due to the heterogeneity of the 
continuous data were obtained. Although the analysis 
provided high evidence of between-group heterogeneity 
(I2 = 56%, P= 0.02), intra-group analysis of the subgroups 
indicated no significant heterogeneity.

An average value of 0.5 was used to determine the 
correlation between pre-test and post-test articles. The risk 
of bias was performed by the one study removed method. 
Excluding any of the studies, indicating a low risk of bias, 
the meta-analysis results did not change significantly, 
indicating a low risk of bias.

Table 1: Specifications of the analysed randomised controlled trials 

Study Exercise + 
Control = 
Total sample 
size (baseline)

Sex Participants’ 
characteristics

Baseline BMI (kg/m2) 
(mean ± SD) 

Frequency 
(days/
week)

Intervention 
duration 
(weeks)

Exercise 
intervention

Results PEDro 
score

Bermon et 
al. (14)

16+16=32 Female/
Male

Healthy older 
adults

Exercise: 24.8 ± 0.5

Control: 26.0 ± 0.6

3 8 Strength 
training 
program, 
three sets 
of eight 
repetitions, 
80% of 1RM

Eight weeks 
of strength 
training 
appeared to 
be a very 
short period 
to adjust the 
number of 
lymphocyte 
subsets 
at rest in 
sedentary 
older adults.

5

Blocquiaux 
et al. (15)

30+10=40 Male Healthy older 
adults

Exercise: No data

Control: No data

3 12 Upper and 
lower body 
resistance 
exercises 
with sets and 
repetitions 
from 2 to 
3 and from 
15 to 8, 
respectively

Muscle 
strength and 
changes in 
muscle fibres 
were largely 
maintained 
after 12 
weeks of 
detraining.

6

Flynn et al. 
(16)

15+14=29 Female Healthy older 
adults

Exercise: 25.7 ± 4.5

Control: 26.5 ± 2.0

3 10 Progressive 
resistance 
exercise

10 weeks of 
resistance 
exercise did 
not influence 
resting 
immune 
measures 
in elderly 
women.

5
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Table 1: Continued

Study Exercise + 
Control = 
Total sample 
size (baseline)

Sex Participants’ 
characteristics

Baseline BMI (kg/m2) 

(mean ± SD) 

Frequency

(days/
week)

Intervention 
duration 
(weeks)

Exercise 
intervention

Results PEDro 
score

Karlsen et 
al. (17)

24+13=37 Female/
Male

Healthy older 
adults

Exercise: No data

Control: No data

3 12 Heavy 
resistance 
training 
in two 
intervention 
groups

Type II 
muscle 
fibre size, 
satellite cell 
content, and 
myonuclear 
domain were 
significantly 
smaller in 
elderly men 
compared 
to young 
men. Heavy 
resistance 
training 
could not 
improve 
these factors 
in the 
elderly.

7

McFarlin et 
al. (18)

19+6=25 Female Healthy older 
adults

Exercise: 25.2 ± 5.6

Control: 27.6 ± 3.4

3 10 Resistance 
training

with training 
intensity at 
70% of 1RM 
for the first 
week.

The training 
intensity was 
80% of 1RM 
for weeks 
2-10.

Resistance 
exercise 
increased 
natural killer 
cell activity 
at rest and 
in response 
to an acute 
exercise 
period.

6

Mero et al. 
(19)

10+18=18 Male Healthy older 
adults

Exercise: No data

Control: No data

2 21 Progressive 
hypertrophic

resistance 
training

After 
resistance 
training, 
muscle 
fibre size 
increased 
less in older 
men than 
in younger 
men.

7

Raso et al. 
(20)

22+20=42 Female Healthy older 
adults

Exercise: 24.0 ± 7.0

Control: 27.0 ± 5.0

3 48 Moderate 
resistance 
exercise 
with 60% of 
1RM

This 
resistance 
exercise 
program 
increased 
muscle 
strength 
but did not 
change the 
phenotypic 
and 
functional 
immune 
parameters 
in sedentary 
elderly 
women.

5

BMI; Body mass index and 1RM; One-repetition maximum.
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Fig.1: Meta-analysis of the effects of resistance exercise on muscle stem cells in older adults in control and intervention groups. A. Forest plot indicates 
pooled mean differences (MD) with 95% confidence intervals (CIs) for nine effect sizes obtained from five trials. B. Funnel plot of muscle stem cells for 
each trial. Duval and Tweedie’s trim and fill method does not show any significant bias.

Comparison of men and women groups

The Our findings did not find a significant effect 
of resistance exercise on muscle stem cells between 
older males and females (difference in means: -0.004, 
SE=0.002, P=0.119, Fig.2A). A subgroup analysis 
with MyoD, myogenin and satellite cells showed no 
significant effect on muscle stem cells between older 
men and women. Our findings indicated similar results 
between men and women. Figure 2B shows a funnel 
plot to check for publication bias; the results indicated 
no significant bias. In other words, these findings 
are largely trustworthy. The results of Begg’s test 
(P=0.46) and Egger’s test (P=0.31) show that there is 

no significant publication bias in this study.

We generated forest plots in this meta-analysis that report 
the I2 statistic [total (95% CI)] due to the heterogeneity 
of the continuous data. The analysis provided strong 
evidence of between-group heterogeneity (I2=96%, 
P=0.00). However, intra-group analysis of the subgroups 
indicated no significant heterogeneity.

An average value of 0.5 was used to determine the 
correlation between pre-test and post-test articles. 
The risk for bias was performed by the one study 
removed method. Excluding any of the studies, the 
meta-analysis results did not change significantly, 
indicating a low risk of bias.

A

B
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Table 2: Specifications of the analyzed randomized between men and women groups

Study Male 
+Female= 
Total 
sample size 
(Baseline)

Participants 
characteristics

Body mass index (kg/
m2) (Baseline)

Frequency 
(days/week)

Intervention 
duration 
(weeks)

Exercise 
intervention

Results PEDro 
score

Bamman et al. 
(21)

9+5=14 Healthy older 
adults

Male: 24.60 ± 4.3

Female: 25.51 ± 5.7

3 26 Knee extensor 
training at 
65-80% of 
one-repetition 
maximum

Gender dif-
ferences in 
load-induced 
myofibre 
hypertrophy 
among older 
adults cannot 
be explained 
by levels 
of circulat-
ing IGF-1, 
dehydroepi-
androsterone 
sulphate, or by 
expression of 
the myogenic 
transcripts 
examined

5

Bamman et al. 
(22) 

11+9=20 Healthy older 
adults

Male: 27.73 ± 2.9

Female: 24.94 ± 4.2

2-3 26 Three sets 
of 80% one-
repetition 
maximum 
for squat, leg 
press, and knee 
extension

Myogenin 
levels 
increased in 
the elderly

7

Kosek et al. (23) 13+12=25 Healthy older 
adults

Male: 27.81 ± 3.0

Female: 25.28 ± 3.0

3 16 The resistance 
training 
program 
focused on 
knee extensors

Muscle 
hypertrophy 
was more in 
men

6

Leenders et al. 
(24)

29+24=53 Healthy older 
adults

Male: 27.00 ± 0.5

Female: 24.60 ± 0.4

3 24 Progressive 
resistance 
training

The results 
were similar 
in men and 
women

7

Mackey et al. 
(25)

13+16=29 Healthy older 
adults

Male: 25.00 ± 1.3

Female: 25.28 ± 1.0

3 12 The exercise 
protocol 
included three 
dynamic 
strength 
exercises

The results 
were similar 
in men and 
women

7

Comparison of type I and II muscle fibers

The Our findings showed a significant effect of 
resistance exercise on muscle stem cells between type I 
and II muscle fibres in older adults (difference in means: 
-0.017, SE=0.002, P=0.000, Fig.3A). A subgroup analysis 
of satellite cell and satellite cell-capillary distance showed 
a significant effect between type I and II muscle fibres on 
muscle stem cells in the elderly. Therefore, our findings 
showed that resistance exercise training significantly 
increased type II muscle fibre size and satellite cell content. 
Figure 3B shows a funnel plot assessment of publication 
bias. The findings indicated no significant bias. In other 
words, these findings are largely trustworthy. Begg’s test 

(P=0.24) and Egger’s test (P=0.08) results also indicated 
no significant publication bias in this study.

In this meta-analysis, forest plots that report the I2 

statistic [total (95% CI)] due to the heterogeneity of the 
continuous data were obtained. The analysis provided 
strong evidence of between-group heterogeneity  
(I2=94%, P=0.00). Intra-group analysis of the subgroups 
showed no significant heterogeneity.

An average value of 0.5 was used to determine the 
correlation between pre-test and post-test articles. The 
risk of bias was assessed by the one study removed 
method. The results did not change significantly and this 
indicated a low risk of bias.
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Table 3:  Specifications of analyzed trials to evaluate type I and II muscle fibers

Study Total 
sample size 
(Baseline)

Sex Participants 
characteristics

Body mass 
index (kg/m2) 
(Baseline)

Frequency 
(days/
week)

Intervention 
duration 
(weeks)

Exercise 
intervention

Results PEDro 
score

Karlsen et 
al. (26)

24 Male Healthy older 
adults

25.9 ± 3.6 3 13 Resistance training 
(RT) for both legs

Boosting SC availability in 
healthy elderly men does 
not enhance the subsequent 
muscle hypertrophy response 
to RT.

7

Moro et 
al. (27)

19 Female/
Male

Healthy older 
adults

29.7 ± 3.1 3 12 progressive 
Resistance exercise 
training (RET) 
program

This study provides intriguing 
evidence for a fibre type-
specific response to RET 
in older adults and suggests 
flexibility in the myonuclear 
domain of type II fibres during 
a hypertrophic stimulus.

8

Snijders et 
al. (28)

22 Male Healthy older 
adults

27.4 ± 0.6 3 24 Progressive 
resistance type 
exercise training

Type II muscle fibre 
capillarization at baseline 
may be a critical factor 
for allowing muscle fibre 
hypertrophy to occur during 
prolonged resistance exercise 
training in older men.

6

Snijders et 
al. (29)

14 Male Healthy older 
adults

28.0 ± 4.0 2 12 A resistance 
exercise session 
consisted of a 5 min 
warm-up on a cycle 
ergometer, followed 
by three sets of four 
separate exercises in 
the following order: 
leg press, chest press 
or lateral pull-down, 
horizontal row or 
shoulder press, and 
leg extension

The acute muscle satellite cell 
response following exercise 
can be improved by prolonged 
exercise training in older men.

7

Verdijk et 
al. (29)

13 Male Healthy older 
adults

27.4 ± 1.1 3 12 Training consisted 
of 5 minutes of 
warming-up on a 
cycle ergometer, 
followed by four 
sets on both the 
leg press (LP) and 
leg extension (LE) 
machines, and a 
5-minute cooling-
down period on the 
cycle ergometer

No changes were observed 
in the Type I muscle fibers. 
In older adults, skeletal 
muscle tissue is still capable 
of inducing SC proliferation 
and differentiation, resulting 
in Type II muscle fiber 
hypertrophy.

5

Verdijk et 
al. (31)

53 Male Healthy older 
adults

No data 3 12 Training consisted 
of a 5-minutes 
warm-up on a cycle 
ergometer, followed 
by four sets on 
both the leg press 
and leg-extension 
machines, followed 
by a 5- minutes  
cooling down 
period on the cycle 
ergometer

Twelve weeks of resistance-
type exercise training 
significantly increased type II 
muscle fiber size and satellite 
cell content.

6

Verney 
et al. 
(32)

10 Male Healthy older 
adults

27.5 ± 3.0 3 14 Resistance 
training bouts 
included three 
exercises with 
three sets per 
exercise that 
targeted muscles 
of the arms and 
trunk

This study provide a 
practical reference for the 
determination of optimal 
exercise protocols for 
improved muscle function 
and regeneration in elderly 
individuals.

6
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Fig.2: Meta-analysis of the effects of resistance training on muscle stem cells in the elderly in men and women groups. A. forest plot showings pooled 
mean differences with 95% confidence intervals (CIs) for 5 effect sizes obtained from 3 trials. B. Funnel plot of muscle stem cells for each trial. Duval and 
Tweedie’s trim and fill method does not show significant bias.

Fig.3: Meta analysis of the effects of resistance training on muscle stem cells in the elderly in type I and II muscle fibers. A. Forest plot showings pooled 
mean differences with 95% confidence intervals (CIs) for 12 effect sizes obtained from 8 trials. B. Funnel plot of muscle stem cells for each trial. Duval and 
Tweedie’s trim and fill method does not show significant bias.

A

B

A

B



Cell J, Vol 25, No 8, August 2023521

Heidari et al.

Discussion
According to our findings, resistance exercise can 

increase muscle stem cells in the elderly, and this increase 
is almost the same in men and women. On the other hand, 
in this research, we showed that regular resistance training 
for 12 weeks and three sessions per week can increase the 
number of satellite cells in the elderly. We also found that 
this increase was significantly greater in type II muscle 
fibres than in type I.

Resistance training intensity is said to be one of the 
most detrimental functional indicators that alter the 
response of satellite cells to resistance training. There are 
sample results that support the effectiveness of moderate 
to high-intensity resistance training, either alone (33, 34) 
or combined with sports supplements (35) on satellite cell 
activation. The minimum intensity of resistance training 
to activate satellite cells is still unknown. On the other 
hand, the results of several studies have shown that even 
low-intensity resistance training can stimulate activation 
of satellite cells (36, 37).

A complete satellite cell response to resistance 
training has been observed 72-96 hours after the athletic 
competition where the number of satellite cells peaks (38). 
Although more studies analysed satellite cell responses 
in young volunteers after eccentric resistance training 
sessions, they have not thoroughly investigated other 
indicators such as age, gender and exercise attributes 
(frequency, intensity and duration). Additional researches 
in the future can provide promising results (39). Scientists 
believe that regular, long-term exercise can positively 
impact muscle structure and function (40).

Ageing causes atrophy and a gradual decrease in muscle 
mass and quality, which is determined at the myocellular 
level by a decrease in type II muscle fibre frequency 
and cross-sectional area. In addition to obvious muscle 
atrophy, older people have more grouped type I muscle 
fibres (41), which is probably associated with the gradual 
death of nerves related to type II muscle fibres in this 
population. In order to prevent progressive neuronal death 
in type II muscle fibres, they reinnervate axons close to 
type I muscle fibres and enhance the transition from type 
II to type I phenotype (42, 43). Therefore, the number of 
type I muscle fibres increases and type I muscle fibres 
appear "grouped" with less penetration of type II muscle 
fibres. Resistance training has been proven to increase 
type II muscle fibre cross-sectional area and frequency in 
both the young (44) and elderly (45).

Tremendous progress has been made in exploring 
the importance of satellite cells in the prevention and 
treatment of sarcopenia (46, 47). It is well-established that 
the function and quantity of muscle satellite cells decrease 
with age, and this impairs the regenerative response and 
muscle fibre development. Whether muscle satellite 
cells are causally relevant to sarcopenia is arguable. 
Therefore, the theory that the function and amount of 
satellite cells can be effective as an important factor in 
the treatment of sarcopenia is debatable (48). Our findings 

may be important because resistance training can prevent 
sarcopenia in the elderly.

It is well-known that resistance training can be beneficial 
as a therapeutic program to deal with the loss of muscle 
mass and strength in older adults (49, 50). Significant 
improvements in muscle mass, strength, and functional 
performance have been demonstrated following long-
term resistance training, even in very elderly adults 
(51). It has been observed that both older men (52) and 
women (53) retain the capacity to increase muscle fibre 
size and function at the muscle fibre level. Despite the 
overwhelming evidence that shows the efficacy of 
resistance training for increasing muscle mass and strength 
in the older adult population, there are many differences 
in the proposed benefits of resistance training in older 
females compared to older males. Previous contradictory 
evidence suggests that muscle mass and strength gains 
following long-term resistance training are equal (54), 
less (55), or even greater (56) in older females compared 
to older males. The findings of the present meta-analysis 
show that the positive benefits of resistance training to 
prevent sarcopenia are similar in older men and women.

Conclusion
This review shows that older adults can improve their 

muscle cells by participating in resistance exercise 
programs. Resistance exercise training intervention 
significantly increased muscle fibre size and satellite cell 
content in a similar manner in both men and women. This 
increase occurred more in type II muscle fibres. However, 
more studies are needed to assess the effects of different 
types of resistance exercise training on muscle stem cells 
in the elderly.
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