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Background & aims: Sarcopenia is a disabling muscular multifactorial disease involving the oxidation
process in old-young adults. We aimed to evaluate the relationship between antioxidant-rich foods (A-
RF) and sarcopenia (muscle mass, strength, and function) based on observational studies (OS), and to
assess the effectiveness of antioxidant interventions in �55-year-old adults via randomized controlled
trials (RCTs). Moreover, to confirm if the OS results were in accordance with the RCTs results.
Methods: We searched in the MEDLINE®/PubMed, Cochrane Library, and CINAHL databases from 2000 to
2020 about sarcopenia and specific nutrients/foods. The risk of bias was assessed and meta-analyses
were performed using the Review Manager program.
Results: The systematic review included 28 studies (19 OS, 9 RCTs), whereas the meta-analysis included 4
RCTs. Results of the systematic review of OS revealed that higher A-RF consumption was associated with
better sarcopenia outcomes. Results of the RCTs meta-analysis indicated that higher fruit/vegetable
consumption, supplementation with magnesium, and vitamin E plus vitamin D and protein significantly
reduced the time to complete 5 stands (mean difference; 95% CI; �1.11 s; 1.70, �0.51; p < 0.01). Addi-
tionally, including tea catechin supplementation significantly increased handgrip strength (1.02 kg; 0.60,
1.44; p < 0.01).
Conclusions: In sum, A-RF or antioxidant supplementation could be effective tools for sarcopenia,
especially improving muscle strength and function. The best interventions according to the meta-
analysis of the RCTs were supplementation of vitamin E in combination with vitamin D and protein,
magnesium, tea catechins, and increasing fruit and vegetable consumption.
Registration number: PROSPERO (CRD42020183045).

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The elderly population undergoes biological changes
throughout the aging process [1] such as sarcopenia, which is a
multifactorial disease involving the oxidation process, character-
ized by progressive, generalized skeletal muscle disorder [2].
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According to the recent revised consensus of the European
Working Group on Sarcopenia in Older People (EWGSOP2), 2019,
sarcopenia is defined by 3 criteria: 1) low muscle strength (MS)
based on grip strength (<27 kg for men, <16 kg for women); 2) low
muscle quantity or quality based on the appendicular skeletal
muscle mass (ASM) (the sum of the MM of the four limbs; <20 kg
for men, <15 kg for women); and 3) low physical performance
based on gait speed (�0.8 m/s) [2]. Thus, MS is the first parameter
used to diagnose probable sarcopenia because it is a more reliable
measure of muscle function and is better at predicting adverse
outcomes [2]. Sarcopenia diagnosis is confirmed by low muscle
quantity or quality [2]. Moreover, if the three criteria are identified
sarcopenia is considered severe [2]. The most used tools to assess
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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sarcopenia were a calibrated handheld dynamometer, magnetic
resonance imaging (MRI) and computer tomography (CT), gait
speed, the Short Physical Performance Battery (SPPB), the Timed Up
and Go (TUG) test, and the 400-m walk test [2e4].

The sarcopenia prevalence ranges from 1% to 33%, depending on
age and geographic region [5]. The prevalence in Europe was 11.1%
in 2016 and is expected to increase to 22.3% by 2045 [6]. Sarcopenia
can also be developed in adults [7], since beyond the age of 50, leg
muscle mass (MM) is reduced by 1%e2% per year, and MS declines
by 1.5%e5% annually [8]. Sarcopenia has negative consequences for
health status, affecting the incidence or prognosis of certain
comorbidities [9], increasing the risk of falls [2,10] and fractures [2],
hospitalization [9], and mortality [2,9,11], being a determinant of
loss of independence [9] and impacting in health care costs [9,12].
Factors that cause and worsen muscle quantity and quality are
disease; inactivity; malnutrition [2], genetics, hormonal factors,
and a decrease in protein synthesis [13e15]. Another factor is the
excessive production of reactive oxygen species (ROS) in skeletal
muscle, which results in a loss of MM and muscle function during
the aging process [16]. In particular, mitochondrial damage stim-
ulates the accumulation of ROS [17,18], which could be considered
key to sarcopenia development.

Thus, antioxidants can reduce oxidative damage and improve the
loss of MM and MS generated by ROS in sarcopenic subjects [16].
Physical activity and/or nutrition are promising tools to prevent or
treat sarcopenia [5]. Until now, there have been no systematic re-
views ormeta-analyses studying the connection and effects between
antioxidant-rich foods (A-RF) and antioxidant supplements and
sarcopenia. Therefore, the main objective of the present systematic
review and meta-analysis was to evaluate the relationship between
A-RFand sarcopenia or the risk of lowMM,MS, and physical function
(PF) based on observational studies, and to assess the effectiveness of
A-RF and antioxidant supplements in different parameters of sar-
copenia in people�55 years old via RCTs. Moreover, to confirm if the
results of observational studies were in accordance with the effects
of A-RF and antioxidant supplements on sarcopenia in RCTs.

2. Material and methods

We performed a systematic review and meta-analysis of
observational studies and RCTs regarding the impact of A-RF and
antioxidant supplements on sarcopenia or the risk of low MM, MS,
and PF. The present review was in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines (Supplemental Table 1) [19]. Additionally,
the review was registered in the International Prospective Register
of Systematic Reviews (PROSPERO) as CRD42020183045.

2.1. Search strategy

We conducted a systematic search in the MEDLINE®/PubMed,
Cochrane Library, and CINAHL electronic databases using the
following keywords for sarcopenia and specific nutrients/foods:
sarcopenia, MM, MS, PF, antioxidants, ascorbic acid, vitamin A,
vitamin E, carotenoids, copper, selenium, zinc, magnesium, iron,
phenols, diet, vegetables, fruit, fabaceae/legumes, nuts, seeds, tea,
chocolate/cacao, and oils. Additionally, Supplemental Table 2 out-
lines the search strategies in detail, including keywords. We limited
the search strategy to the years of publication from 2000 to 2020,
the English language, human studies, and publication type.

2.2. Eligibility criteria and study selection

The inclusion criteria were as follows: a) observational studies
(caseecontrol, cohort, cross-sectional) and RCTs; b) with a target
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population �55 years old and elderly individuals; c) about A-RF or
antioxidant supplements and their association and/or effects on
sarcopenia, MM, MS, and PF; d) limited to the English language and
human studies; e) published from 2000 to 2020; f) studies con-
ducted worldwide with the general population, probably with
some comorbidities; g) assessed only one, two, or all of the sarco-
penia variables; and h) with different sarcopenia assessment tools.
In contrast, the exclusion criteria were as follows: a) studies that
only included individuals with a specific health condition (cancer,
kidney disease, gastrointestinal disease, cardiovascular disease,
etc.); b) when the target population only consisted of frail in-
dividuals; c) about sarcopenic obesity (because sarcopenia and
obesity together increase the risk of falls, fractures, comorbidities,
and osteoporosis risk because of the reduction of bone density;
obesity could alter the natural behavior of sarcopenia); d) and
studies that did notmeet all the inclusion criteria mentioned above.

The observational studies included in the systematic review
focused on dietary patterns including A-RF or the consumption of
specific A-RF and sarcopenia, MM, MS, and PF. The RCTs were
defined by the Population, Intervention, Comparison, Outcomes,
and Study (PICOS) criteria (Supplemental Table 3).

2.3. Data extraction

We selected the studies included in the systematic review using
the Rayyan QCRI web application, which automates systematic
reviews [20]. The first step for considering the inclusion of the
studies involved title and abstract screening according to the in-
clusion and exclusion criteria. The second step entailed the full-text
assessment of the studies that had passed the first round of
screening. Finally, in the third step, we only included for data
extraction and quality assessment the observational studies and
RCTs that met all the criteria described previously. Two researchers
performed the data extraction (M.B.-M., E.L.L.). Any disagreement
or discrepancies were resolved through discussion with the third
author (R-M.V.). When any necessary information for inclusionwas
missing from any study, we contacted the authors to request it.

We defined the data extraction and collection based on the
following variables: a) authors; b) title; c) year of publication; d)
type of study; e) country; d) number of participants; f) age; g)
gender of participants; h) follow-up; i) type of intervention; j)
duration of the intervention; k) sarcopenia assessment (or MM,MS,
and PF as sarcopenia variables); l) antioxidant assessment tool; m)
antioxidants or source of antioxidants; and n) antioxidant out-
comes. The sources of antioxidants were dietary patterns including
A-RF, the consumption of specific A-RF (vegetables, fruits, beans,
nuts, seeds, tea, cacao, and oils), and antioxidant supplementation.
Of all sources, the most common antioxidants were vitamins (vi-
tamins C, A, and E), minerals (copper, zinc, magnesium, selenium,
and iron), phenolic compounds, and carotenoids [21]. We included
all relevant study details, such as the results of each variable, the
association of sarcopenia with A-RF or antioxidant supplements,
the effects of A-RF or antioxidant supplements on sarcopenia, and
the risk of bias in the studies. Moreover, observational studies
assessed A-RF consumption using intake assessment methods (e.g.,
food frequency questionnaires or dietary records) or assessing
plasma or serum concentrations.

2.4. Quality assessment based on risk of bias in individual studies

We employed two different tools to evaluate the quality of each
included study depending on the type of study (either observa-
tional or RCT).

For observational studies, we used the Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies to evaluate
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the risk of bias [22]. This quality tool was based on 14 questions,
and the quality classification was divided into three categories:
high; medium; and low [22]. For cohort studies (evaluated based
on 14 questions equivalent to 14 points), the cutoff points were
low quality (�5 points), medium quality (6e9 points), and high
quality (10e14 points). For cross-sectional studies (evaluated
based on 10 questions equivalent to 10 points, because questions
6, 7, 12, and 13 were specific for cohort studies), the cutoff points
were low quality (�3 points), medium quality (4e7 points), and
high quality (8e10 points). We defined these cutoff points as
suggested by the tool [22].

For the RCTs, we employed the Cochrane risk of bias tool, RoB 2
[23]. This quality tool assesses the risk of bias in 5 domains; the risk
of bias classification was a) low risk of bias (there is a low risk of
bias for all 5 domains); b) some concerns (if there are some con-
cerns in at least one domain, but it is not a high risk of bias for any
domain); and c) high risk of bias (if there is high risk of bias in at
least one domain or if there are some concerns about multiple
domains that reduce confidence in the results).
2.5. Data synthesis

We synthesized the data based on the data reviewed depending
on the type of study. We performed a systematic review of obser-
vational studies to assess the association between dietary patterns
including A-RF or the consumption of specific A-RF and sarcopenia
variables. Meanwhile, we conducted a systematic review andmeta-
analysis of RCTs to confirmwhether the results of the observational
studies were in accordance with the effects of antioxidant supple-
ments or interventions based on the consumption of A-RF on
sarcopenia.
2.6. Statistical analysis

We performed all statistical analyses using Review Manager
(RevMan) ([Computer program], Version 5.4, the Cochrane
Collaboration, 2020). Regarding the systematic review, the out-
comes of observational studies were expressed as odds ratio (OR) or
hazard ratio (HR) and 95% confidence interval (CI). In addition, the
RCT results were expressed as the mean and standard deviation
(SD), median and interquartile ranges, and mean difference (MD)
and 95% CI. To determine the change in RCTs, it is preferable to use
MD and 95% CI whenever possible. If MD and 95% CI information
did not appear in the study, we carried out the calculation with the
RevMan program, if possible, leading to enough information for
comparison to other studies included. Moreover, the p-value
employed to establish the effectiveness of the RCT interventionwas
Group x time. If this value was not available, we asked the authors
of the publication, and if the authors did not respond, we calculated
it with RevMan.

Focusing on the meta-analysis, the RCTs included in the meta-
analysis were all the studies with the most commonly used tool
to assess each sarcopenia variable and with complete information
about the outcome. We only analyzed sarcopenia variables with at
least 3 RCTs that met the inclusion criteria mentioned above. For
the meta-analysis, the means and SD or the change of the sarco-
penia variables from baseline to the end of intervention of the
control and intervention groups were required. The effect size was
represented by MD and the 95% CI from continuous outcomes and
risk ratio (RR) for dichotomous outcomes. A p-value of <0.05 was
considered statistically significant. We evaluated the heterogeneity
in RCTs using the I2 statistic obtained from the RevMan program.
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When the heterogeneity was over 85% (high heterogeneity), we
analyzed them using randomized and non-fixed effects.

3. Results

A total of 2172 articles were identified through databases, 742
were excluded due to duplicity, and 1234 were excluded for not
meeting the inclusion criteria in the title and abstract screening.
The remaining 196 articles were full-text assessed for eligibility,
and 168 were excluded for the following reasons: different study
outcomes (n ¼ 81), population not following the inclusion criteria
(n ¼ 53), study design not accepted according to the eligibility
criteria (n ¼ 28), and full-text not being available (n ¼ 6). Ulti-
mately, 28 studies were included in the systematic review [24e51],
19 were observational studies [24e34,36,45e51] and 9 were RCTs
[35,37e44]. Additionally, 4 RCTs were included in themeta-analysis
[37e39,42] (Fig. 1), 4 RCTs in the MS meta-analysis [37e39,42], and
3 RCTs in the PF meta-analysis [37,38,42].

3.1. Characteristics of the observational studies included in the
systematic review

Of the 19 observational studies, there were 13 cross-sectional
studies [25e28,31,32,34,45e47,49e51], 5 cohort studies
[24,30,33,36,48], and one study that conducted cohort and cross-
sectional analyses [29] (Tables 1, 3, 5 and 7; Supplemental
Tables 4, 5, 7, 8, 10, 11, 13, and 14). The study population consisted
of men andwomen in 16 studies, onlywomen in 2 studies, and only
men in one study. The subjects were�55 years old, and the sample
size of the studies ranged from 84 to 14,585. The studies were
carried out on the following continents: Europe, Asia, Africa, and
America. In the cohort studies, the follow-up duration ranged from
3 to 7.2 years. Of the 19 observational studies, 15 were about dietary
patterns including A-RF such as the Mediterranean diet, a diet rich
in fruits, or a healthy diet, and 4 were about the consumption of
specific A-RF such as fruits, vegetables, or nuts.

3.2. Characteristics of the RCTs included in the systematic review

In the 9 RCTs (Tables 2, 4 and 6; Supplemental Tables 6, 9, and
12), the study population was of both genders in 5 studies, with
only women in 3 studies and only men in one study. The subjects
were �59 years old in all the studies, and the sample size of the
studies ranged from 30 to 139. The duration of the intervention
ranged from 12 weeks (3 months) to 24 weeks (6 months). The
studies were carried out on the following continents: Europe, Asia,
and America. Of the 9 RCTs, 7 were about antioxidant supple-
mentation, such as resveratrol, vitamin C, vitamin E, tea catechins,
or magnesium, and 2 were about interventions based on the con-
sumption of A-RF, such as fruits and vegetables, and a healthy diet.
In addition, 6 RCTs also included physical activity interventions
apart from nutritional intervention.

3.3. Sarcopenia assessment

Of the 19 observational studies, 12 assessed MS, 10 MM, and
10 PF. Additionally, of these observational studies, 6 evaluated all
three sarcopenia variables. Of the 9 RCTs, 8 studies assessed the
MM, 7 MS, and 5 PF. Additionally, of these RCTs, 3 studies assessed
all three sarcopenia variables.

Regarding the sarcopenia evaluation of observational studies
and RCTs, specifically, for theMMmeasure, bioelectrical impedance
(BIA) and dual-energy X-ray absorptiometry (DXA) were the most
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commonly used tools. BIAwas used in 5 observational studies and 2
RCTs, and DXAwas employed in 4 observational studies and 4 RCTs.
Nearly all studies (11 observational studies and 5 RCTs) assessedMS
using a dynamometer. Related to PF assessment tools, gait speed or
walking speedwas themost commonly used tool in 8 observational
studies and 3 RCTs.

3.4. Associations between MM and antioxidants in the
observational studies

A total of 4 cross-sectional studies evaluated the relationship
between antioxidants and MM, and all of them demonstrated a
significantly positive association between both variables
[28,32,50,51] (Table 1; Supplemental Table 4).

One cross-sectional study from the Fourth and Fifth Korea Na-
tional Health and Nutrition Examination Survey (KNHANES IV-V)
concluded that women with higher vegetable consumption (�5
servings/day) had 48% lower odds of dropped MM than women
with less vegetable consumption (<5 servings/day) after adjusting
Fig. 1. PRISMA flow diagram of the studies selected
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for confounding factors [50]. Another cross-sectional study from
the KNHANES IV, adjusted for confounding factors, determined that
the higher quintile of vegetable (median: 6.6 times/day), fruit
(median: 1.9 times/day), and vegetable and fruit (median: 7.9
times/day) consumption, compared to the lowest quintile (2.2, 0.2,
and 2.8 times/day, respectively), was significantly associated with
52%, 70%, and 68% lower risk of sarcopenia in menmeasured as low
MM, respectively [51]. In addition, higher consumption of fruits
(median: 1.9 times/day) inwomenwas significantly associatedwith
a 61% lower risk of sarcopenia [51].

In addition, one cross-sectional study established that the higher
quartile of plasma vitamin C concentrations (39.61e447.92 mmol/L),
compared to the lowest quartile (0e13.81 mmol/L), was associated
with 29% lower odds of dropped fat-free mass index (FFMI) in a fully
adjusted model in the British Regional Heart Study [32]. One cross-
sectional study showed that low serum selenium levels
(<0.90e1.08 mmol/L) were associated with a 2.30- to 4.62-fold
increased risk of low MM in elderly residents of Taipei (in Taiwan)
in a fully adjusted model [28].
for the systematic review and meta-analysis.



Table 1
Characteristics from each included cross-sectional and cohort studies on the relationship between antioxidants and MM.

Cross-sectional studies

Study; year Country Total, n Gender;
age (y)

Type of
assessment

Antioxidant
assessment

Sarcopenia
assessment tool

A higher level of antioxidants (A-RFC; DPDA-RF)
is associated with …

Type or source Tool … an improvement of MM … a decline in MM

Atkins JL et al., 2014 [32] United
Kingdom

4252 M
60-79 y

DPA-RF Vitamin C
Vitamin E

Iron
Fruits

Vegetables

FFQ
BS

MAMC
BIA

X
Vitamin C

Chen YL et al., 2014 [28] Taiwan 327 M/W
�65 y

DPA-RF Selenium BS BIA X

Kim J et al., 2015 [50] Korea 3285 M/W
�65 y

DPA-RF Vegetables
Fruits

FFQ DXA X
Vegetables

Kim J et al., 2015 [51] Korea 1912 M/W
�65 y

A-RFC Vegetables
Fruits

FFQ DXA X
Fruits, vegetables

Cohort studies

Study; year Country Total, n Follow-up Gender;
age (y)

Type of
assessment

Antioxidant
assessment

Sarcopenia
assessment tool

A higher level of antioxidants
(A-RFC; DPDA-RF) is associated with …

Type or source Tool … an improvement of MM … a decline
in MM

Yokoyama Y et al., 2017 [24] Japan 935 4 years M/W
�65 y

DPA-RF Diet variety DVS BIA e e

MM: muscle mass; DPA-RF: dietary patterns including antioxidant-rich foods; A-RFC: antioxidant-rich food consumption; M: men; W: women; BS: blood sample; FFQ: food
frequency questionnaire; DVS: dietary variety score; BIA: bioelectrical impedance; DXA: dual-energy X-ray absorptiometry; MAMC: midarm muscle circumference.
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One cohort study assessed the relationship between diet variety
rich in antioxidants andMM; it did not show significant results [24]
(Table 1; Supplemental Table 5).

3.5. Antioxidant effects on MM in the RCTs

A total of 8 RCTs evaluated different interventions focused on
MM [35,38e44] (Table 2; Supplemental Table 6). Of the 8 RCTs, one
showed statistically significant results for MM favoring interven-
tion [41], one revealed a tendency favoring intervention [42], one
demonstrated significant results opposed to the intervention [43],
and 5 did not show significance [35,38e40,44].

The effective intervention was a 24-week, 3-arm RCT: a) resis-
tance training twice a week, b) resistance training twice a week
with a healthy diet composed of whole-grain cereals; fruits, vege-
tables and berries (�600 g/day); rape seed oil, olive oil, nuts, and
seeds; fish and seafood (�500 g/day); lean meat, low-fat dairy
products (�0.5 L/day); soft drinks/juice (be avoided/<1.5 dL juice/
day); and c) a control group without any intervention [41]. At 24
weeks, the results of this RCT signaled that leg lean mass was
significantly increased in the resistance training with healthy diet
intervention group in comparison to the control group (MD [95%
CI]: 0.41 kg [0.12, 0.70]; p[Group x time] ¼ 0.027) [41].

Similarly, a 6-month, 2-arm RCT: a) vitamin E supplementation
in combination with vitamin D and protein (218 mg/day of vitamin
E, 1404 IU/day of vitamin D, and 44 g/day of protein in a powder
mix to be reconstituted) or b) an isocaloric control product. This
RCT showed a trend related to improvement in ASM in the inter-
vention group compared to the control group (MD [95% CI]: 0.48 kg
[0.00, 0.96]; p[Group x time] ¼ 0.05) [42].

In contrast, a 12-week, 2-arm RCT: a) vitamin C and E supple-
mentation (500 mg/day and 117.5 mg/day, respectively) and
strength training three times a week or b) a control group with a
placebo and strength training, had opposite results [43]. The results
indicated that changes in total lean mass were significantly greater
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in the control group than in the vitamin supplementation group
(median [interquartile range]: 2191 g [1,517, 3296] vs. 867 g [0,
2799]; p[Group x time] ¼ 0.04) [43].

Additionally, 5 studies did not show significant differences among
groups over time [35,38e40,44]. First, a 12-week, 2-arm RCT: a)
resistance training with resveratrol supplementation (500 mg/day)
or b) a control groupwith resistance training and 500mg/day of corn
starch [40]. Second, a 6-month, 4-arm RCT: a) a vitamin group: only
with vitamin E supplementation (900mg/day), b) an exercise group:
only participating in a walking program three times a week, c) an
exercise-vitamin group: with vitamin E supplementation (900 mg/
day) and awalking program, and d) a control groupwithout exercise
or vitamin E supplementation [35]. Third, a 12-week, 2-arm RCT: a)
magnesium oxide supplementation (900 mg/day, magnesium oxide
equivalent to 300 mg bioavailable magnesium) or b) a control group
[38]; both groups were involved in a twice-weekly fitness program
at public gyms. Fourth, a 6-month, 4-arm RCT: a) resistance training
three times a week, b) antioxidant supplementation (vitamin C
1000 mg/day and vitamin E 400 IU/day), c) antioxidant supple-
mentation combined with resistance training three times a week,
and d) a control group with a placebo. This RCT seems to have a
significant treatment effect, but therewere no differences among the
groups [44]. Finally, a 3-month, 4-arm RCT: a) tea catechin supple-
mentation (350 mL/day of tea with 540 mg of catechin), b) exercise
based on stretching, muscle strengthening, balance and gait training
twice a week, c) exercise and tea catechin supplementation, and d) a
control group with health education [39].

3.6. Associations between MS and antioxidants in the observational
studies

A total of 4 cross-sectional studies assessed the association be-
tween antioxidants and MS; all of them demonstrated a signifi-
cantly positive association between both variables [26,31,45,47]
(Table 3; Supplemental Table 7).



Table 2
Characteristics from each included RCTs on the relationship between antioxidants and MM.

Study; year Study design;
duration; country

Total, n Gender; age (y) Type of
intervention

Antioxidant assessment Sarcopenia
assessment tool

There is a significant improvement in MM
in …

Type or source Tool … antioxidant
supplementation or
antioxidant-rich
diet group

… control or
placebo group

Alway SE et al.,
2017 [40]

R, DB, PC
12 weeks
United States of America

30 M/W
�65 y

AS Resveratrol (500 mg/day) Blood samples ADP e e

Bjørnsen T et al.,
2016 [43]

R, DB, PC
12 weeks
Norway

34 M
�60 y

AS Vitamin C, vitamin E (500 mg/
day, 117.5 mg/day)

Blood samples DXA X

Bo Y et al., 2019
[42]

R, DB, PC
6 months
China

60 M/W
�60 y

AS Whey protein, vitamin D,
vitamin E (218 mg/day vitamin
E)

Self-recorded
intake dairy
3-day dietary
record
Blood samples

BIA Tendency

Bobeuf F et al., 2011
[44]

R, DB, PC
6 months
Canada

57 M/W
�59 y

AS Vitamin C, vitamin E (1000 mg/
day, 400 IU/day)

Blood samples DXA
UEC

e e

Kim H et al., 2013
[39]

R, CTa

3 months
Japan

128 W
�75 y

AS Tea catechins (540 mg/day) Record volume of
tea consumed,
bottle caps

BIA e e

Nalbant €O et al.,
2009 [35]

R, CT
6 months
Turkey

57 M/W
�61 y

AS Vitamin E (900 mg/day) Blood samples Tanita BCA e e

Strandberg E et al.,
2015 [41]

R, CT
24 weeks
Sweden

63 W
�65 y

A-RFC Healthy diet (rich in whole-
grain cereals; fruits, vegetables
and berries (�600 g/day); rape
seed oil, olive oil, nuts, and
seeds; fish and seafood
(�500 g/day); lean meat, dairy
products (�0.5 L/day (low fat));
soft drinks/juice (be avoided
<1.5 dL juice/day))

6-day dietary
record

DXA X

Veronese N et al.,
2014 [38]

R, CT, PGa

12 weeks
Italy

139 W
�65 y

AS Magnesium oxide (900 mg/day) Blood samples
Urine samples

DXA e e

All RCTs were analyzed per-protocol.
MM: muscle mass; R: randomized; DB: double blind; PC: placebo controlled; M: men; W: women; AS: antioxidant supplementation; A-RFC: interventions based on antioxidant-rich food consumption; ADP: air displacement
plethysmography; DXA: dual-energy X-ray absorptiometry; BIA: bioelectrical impedance; UEC: urinary excretion of creatinine; CT: controlled trial; Tanita BCA: Tanita body composition analyzer.

a Outcome assessors were blind.
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Table 3
Characteristics from each included cross-sectional and cohort studies on the relationship between antioxidants and MS.

Cross-sectional studies

Study; year Country Total, n Gender;
age (y)

Type of
assessment

Antioxidant assessment Sarcopenia
assessment tool

A higher level of antioxidants
(A-RFC; DPDA-RF) is associated with …

Type or source Tool … an improvement of MS … a decline in MS

Barrea L. et al., 2019 [31] Italy 84 W
�60 y

DPA-RF MDP 7-day DR
PREDIMED

Dyn X
EVOO, vegetables, fruits,
nuts, Mediterranean diet

Kim H. et al., 2019 [26] Korea 3675 M/W
�65 y

DPA-RF Diet quality KHEI
aMED
DASH

Dyn X

Lauretani F. et al., 2007 [47] Italy 891 M/W
�65 y

DPA-RF Selenium BS Dyn X

Semba RD. et al., 2003 [45] United Stated
of America

669 W
70e79 y

DPA-RF Carotenoids
Vitamin E

BS Dyn X
a-carotene, b-carotene,

b-cryptoxanthin,
lutein/zeaxanthin, total

carotenoids, a-tocopherol

Cohort studies

Study; year Country Total, n Follow-up Gender;
age (y)

Type of
assessment

Antioxidant assessment Sarcopenia
assessment tool

A higher level of antioxidants (A-RFC;
DPDA-RF) is associated with …

Type or source Tool … an improvement of MS … a decline in MS

Arias-Fern�andez L. et al., 2019 [33] Spain 3,289 7.2 ya M/W
�60 y

A-RFC Nuts CDH Dyn e e

Lauretani F. et al., 2008 [48] Italy 948 6 years M/W
�65 y

A-RFC Carotenoids BS Dyn X

Yokoyama Y. et al., 2017 [24] Japan 935 4 years M/W
�65 y

DPA-RF Diet variety DVS Dyn X

MS: muscle strength; DPA-RF: dietary patterns including antioxidant-rich foods; A-RFC: antioxidant-rich food consumption; M: men; W: women; MDP: Mediterranean dietary pattern; DR: dietary registration/record; PRE-
DIMED: cuestionario de prevenci�on con dieta mediterr�anea; BS: blood sample; KHEI: Korean healthy eating index; aMED: alternate Mediterranean diet score; DASH: dietary approaches to stop hypertension score; DVS: dietary
variety score; Dyn: dynamometer; CDH: computerized diet history; DVS: dietary variety score.

a Mean.
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Table 4
Characteristics from each included RCTs on the relationship between antioxidants and MS.

Study; year Study design;
duration; country

Total, n Gender;
age (y)

Type of
intervention

Antioxidant assessment Sarcopenia
assessment tool

There is a significant
improvement in MS in …

Type or source Tool … antioxidant
supplementation or
antioxidant-rich
diet group

… control or
placebo group

Alway SE. et al., 2017 [40] R, DB, PC
12 weeks
United States of America

30 M/W
�65 y

AS Resveratrol (500 mg/day) Blood samples Dyn X

Bjørnsen T. et al., 2016 [43] R, DB, PC
12 weeks
Norway

34 M
�60 y

AS Vitamin C, vitamin E
(500 mg/day, 117.5 mg/
day)

Blood samples 1RM e e

Bo Y. et al., 2019 [42] R, DB, PC
6 months
China

60 M/W
�60 y

AS Whey protein, vitamin D,
vitamin E (218 mg/day
vitamin E)

Self-recorded intake dairy
3-day dietary record
Blood samples

Dyn X

Kim H. et al., 2013 [39] R, CTa

3 months
Japan

128 W
�75 y

AS Tea catechins (540 mg/day) Record volume of tea
consumed, bottle caps

Dyn e e

Neville CE. et al., 2013 [37] R, CT, PGa

16 weeks
United Kingdom

83 M/W
�65 y

A-RFC Fruits and vegetables (5
portions/day)

7-day dietary record
Blood samples

Dyn e e

Strandberg E. et al., 2015 [41] R, CT
24 weeks
Sweden

63 W
�65 y

A-RFC Healthy diet (rich in whole-
grain cereals; fruits,
vegetables and berries
(�600 g/day); rape seed oil,
olive oil, nuts, and seeds;
fish and seafood (�500 g/
day); lean meat, dairy
products (�0.5 L/day (low
fat)); soft drinks/juice (be
avoided <1.5 dL juice/day))

6-day dietary record 1RM
MIQS

e e

Veronese N. et al., 2014 [38] R, CT, PGa

12 weeks
Italy

139 W
�65 y

AS Magnesium oxide (900 mg/
day)

Blood samples
Urine samples

Dyn X e

All RCTs were analyzed per-protocol.
MS: muscle strength; R: randomized; DB: double blind; PC: placebo controlled; M: men; W: women; AS: antioxidant supplementation; A-RFC: interventions based on antioxidant-rich food consumption; Dyn: dynamometer;
1RM: one-repetition maximum; CT: controlled trial; MIQS: maximal isometric quadriceps strength.

a Outcome assessors were blind.
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One cross-sectional study showed that handgrip strength
was 1.59-, 1.12-, 1.11-, and 1.09-fold significantly increased
due to the consumption of extra virgin olive oil for culinary
use, vegetables (�2 servings/day), fruits (�3 servings/day),
and nuts (�3 servings/week) after adjusting for body mass
index (BMI) in old-young adult women from Italy [31].
Additionally, this cross-sectional study established that low
adherence to the Mediterranean diet was significantly
associated with a reduction of 27% in handgrip strength,
whereas higher adherence was associated with a 1.14-fold
increase in handgrip strength [31]. In addition, one cross-
sectional study indicated that the highest tertiles of
different diet quality scores (Korean Healthy Eating Index
[KHEI], 58.57e94.22, score of 100 points; the alternate
Mediterranean diet score [aMED], 5e8, score of 9 points; and
the dietary approaches to stop hypertension score [DASH],
24e34, score of 40 points), compared to the lowest tertiles of
KHEI (15.0e49.86 score), aMED (0e3 score), and DASH
(8e20 score), were significantly associated with 32%e53%
lower odds of dropped MS (borderline in the case of KHEI
women) in a fully adjusted model in Korean old-young
adults [26].

Moreover, one cross-sectional study indicated that old-
young adults from Italy in the lowest quartile of plasma se-
lenium (<0.8 mmol/L), compared to the highest quartile
(>1.0 mmol/L), were significantly associated with 1.69-, 1.94-
and 1.94-fold increased low grip, hip, and knee strength,
respectively, in a fully adjusted model [47]. Another cross-
sectional study that included women from the Women's
Health and Aging Studies (WHAS) I and II, described in an
adjusted model that the three highest quartiles of plasma a-
carotene were significantly associated with 45%e70% lower
risk of dropped grip strength, 55%e72% lower risk of dropped
hip strength, and 43%e62% lower risk of dropped knee
strength [45]. Additionally, the two highest quartiles of
plasma b-carotene were significantly associated with 54%e
66% lower risk of dropped grip strength, 47%e64% lower risk
of dropped hip strength, and 52%e53% lower risk of dropped
knee strength [45]. Moreover, the two highest quartiles of
plasma b-cryptoxanthin were significantly associated with
39%e48% lower risk of dropped grip strength, 41%e59% lower
risk of dropped hip strength, and a 46% lower risk of dropped
knee strength [45]. Also, the three highest quartiles of plasma
lutein/zeaxanthin were significantly associated with 58%e
71% lower risk of dropped grip strength, 52%e74% lower risk
of dropped hip strength, and 56%e61% lower risk of dropped
knee strength [45]. Further, the three highest quartiles of total
plasma carotenoids were significantly associated with 39%e
63% lower risk of dropped grip strength, 44%e69% lower risk
of dropped hip strength, and 46%e56% lower risk of dropped
knee strength [45]. Finally, the highest quartile of plasma a-
tocopherol was significantly associated with a 56% lower risk
of dropped grip strength, and a 48% lower risk of dropped
knee strength [45].

A total of 3 cohort studies assessed the relationship be-
tween antioxidants and MS in old-young adults; 2 had
significantly positive associations between both variables
[24,48], and one was not significant [33] (Table 3;
Supplemental Table 8). In particular, a 4-year cohort study
showed that the highest (�7 points) and middle (4e6 points)
dietary variety score (DVS), compared to the lowest score
(0e3 points), were significantly associated with 40%e57%
lower risk of decline in grip strength in a fully adjusted model
in community-dwelling old-young Japanese individuals [24].
In addition, another 6-year cohort study determined that the
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lowest plasma carotenoid quartile (<1.37 mmol/L), compared to the
highest quartile (>2.16 mmol/L), was significantly associated with a
2.25-fold increased risk of poor hip strength and a 2.12-fold
increased risk of knee strength in a fully adjusted model in old-
young adults from Italy [48].
3.7. Antioxidant effects on MS in the RCTs

A total of 7 RCTs evaluated different interventions focused onMS
[37e43] (Table 4; Supplemental Table 9). Of the 7 RCTs, 3 revealed
statistically significant results favoring intervention [38,40,42], and
4 did not show significance [37,39,41,43].

One effective intervention involving resveratrol supplementa-
tion (500 mg/day) and exercise demonstrated a significant increase
of 14.0% in knee extensor power at 60�/s after the intervention
(p < 0.05), whereas the placebo group was unchanged [40].
Moreover, the Group � time interaction was significant in the
average power knee extensor at 60�/s (p ¼ 0.004) [40].

Another effective intervention, mentioned above, based on
vitamin E supplementation (218 mg/day of vitamin E) in combi-
nation with protein and vitamin D, significantly increased the
handgrip strength in the intervention group compared to the pla-
cebo group (MD [95% CI]: 2.68 kg [0.71, 4.65]; p[Group x
time] ¼ 0.009) [42]. The last effective intervention, referred to
before, was magnesium supplementation (900 mg/day), which
showed a significant increase in handgrip strength in the magne-
sium supplementation group compared to the control group (MD
[95% CI]: 1.33 kg [0.12, 2.54]; p[Group x time] ¼ 0.03), whereas the
change between groups at 12 weeks was not significant [38].

Further, 4 RCTs did not demonstrate significant differences
among the groups [37,39,41,43]. Three of them were about the
supplementation of tea catechins (540 mg/day) [39], vitamin C and
vitamin E (500 mg/day vitamin C and 117.5 mg/day vitamin E) [43],
and following a healthy diet rich in whole-grain cereals; fruits,
vegetables and berries (�600 g/day); rape seed oil, olive oil, nuts,
and seeds; fish and seafood (�500 g/day); lean meat, low-fat dairy
products (�0.5 L/day); soft drinks/juice (be avoided/<1.5 dL juice/
day) [41]. Moreover, there was another RCT involving a 16-week, 2-
arm intervention based on the consumption of A-RF: a)�5 portions
of fruits and vegetables/day and b) a control group of approxi-
mately �2 portions of fruits and vegetables/day, which did not
show significant differences [37].
3.8. Associations between PF and antioxidants in the observational
studies

One cross-sectional study assessed the relationship between
antioxidants and PF, but did not show significant results [34]
(Table 5; Supplemental Table 10). Instead, a total of 4 cohort studies
evaluated the relationship between antioxidants and PF, and all of
them noted a significant, positive association in old-young adults
[24,30,33,36] (Table 5; Supplemental Table 11).

One 4-year cohort study, mentioned before, signaled that the
highest (�7 points) and middle (4e6 points) DVS, compared to the
lowest score (0e3 points), were significantly associated with a
41%e57% lower risk of decline in usual gait speed in a fully adjusted
model [24].

Another cohort study (over a mean of 7.2 years) from Spain
indicated that higher nut consumption (�11.5 g/day), in compari-
son with no nut consumption, was significantly associated with a
41% lower risk of self-reported impaired agility and a 50% lower risk
of self-reported impaired mobility in men, and a 35% lower risk of
self-reported impaired overall PF in a fully adjusted model in
women [33].



Table 7
Characteristics from each included cross-sectional and cohort studies on the relationship between antioxidants and sarcopenia status.

Cross-sectional studies

Study; year Country Total, n Gender;
age (y)

Type of
assessment

Antioxidant assessment Sarcopenia
assessment tool

A higher level of antioxidants (A-RFC; DPDA-RF) is associated with …

Type or source Tool … an improvement
of sarcopenia status

… a decline in sarcopenia status

Results classified according to the level of antioxidants
Hashemi R et al.,

2015 [27]
Iran 300 M/W

�55 y
DPA-RF MDP vs. WDP FFQ DXA

Dyn
GSP

X
MDP

Koyanagi A et al.,
2020 [49]

China, Ghana, India,
Mexico, Russia,
South Africa

14,585 M/W
�65 y

A-RFC Vegetables
Fruits

S/D SMM
ASM
SMI
GSPa

X
Fruits

Li C et al., 2020 [46] China 861 M/W
�65 y

DPA-RF DP1, DP2, DP3 FFQ
DVS
DPS

BIA
Dyn
GSP

X
DP2

ter Borg S et al.,
2019 [25]

Netherlands 227 M/W
�65 y

DPA-RF a-tocopherol/
cholesterol
Magnesium

BS BIA
Dyn
GSP
CHST

e e

Studies with cohort and cross-sectional analyses

Study; year Country Total, n Follow-up Gender;
age (y)

Type of
assessment

Antioxidant
assessment

Sarcopenia
assessment tool

A higher level of antioxidants (A-RFC; DPDA-RF)
is associated with …

Type or
source

Tool … an improvement of
sarcopenia status

… a decline in
sarcopenia status

Results classified according to the level of antioxidants
Chan R et al., 2016

[29]
China 3,957 CS

2,948 CH
4 years M/W

�65 y
DPA-RF Diet quality

MDP
Vegetables

Fruits

FFQ
DQI-I
MDS

DXA
Dyn
GSP

e e

DPA-RF: dietary patterns including antioxidant-rich foods; A-RFC: antioxidant-rich food consumption; M: men; W: women; MDP: Mediterranean dietary pattern; WDP: western dietary pattern; DP1: cereal-tubers-animal oils;
DP2: mushrooms-fruits-milk; DP3: animal foods; S/D: servings/day; FFQ: food frequency questionnaire; DVS: dietary variety score; DPS: dietary pattern score; Dyn: dynamometer; GSP: gait speed; CHST: chair stand test; DXA:
dual-energy X-ray absorptiometry; SMM: skeletal muscle mass; ASM: appendicular skeletal muscle mass; SMI: skeletal muscle mass index; BIA: bioelectrical impedance; BS: blood sample; CS: cross-sectional; CH: cohort; DQI-I:
dietary quality index-international; MDS: Mediterranean diet score.

a The muscle strength assessment tool was not reported.
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Another 4-year cohort study from Spain showed that an optimal
consumption of nuts (�3 times/week) was significantly associated
with a 32% lower risk of impairment in agility and a 28% lower risk
of impairment in overall PF in a fully adjusted model [36]. Addi-
tionally, an optimal consumption of fruits (�3 servings/day) ac-
cording to the Mediterranean diet adherence screener (MEDAS)
score was associated with a 34% lower risk of impairment in overall
PF [36]. The same cohort study demonstrated that the 2-point in-
crease in the MEDAS score (ranging from 0 to 14) was significantly
associated with a 16% lower risk of impairment in agility, a 20%
lower risk of impairment mobility, a 16% lower risk in overall PF,
and a 13% lower risk of impairment in any PF domain in a fully
adjusted model [36]. Further, one cohort study established that low
serum concentrations of vitamin E (1.1 mg/mL) were significantly
associated with a 1.62-fold increase in PF decline in a fully adjusted
model in old-young adults from the InCHIANTI study from Italy
[30].
3.9. Antioxidants effects on PF in the RCTs

A total of 5 RCTs evaluated different interventions focused on PF
[35,37e39,42] (Table 6; Supplemental Table 12). Of the 5 RCTs, 3
showed statistically significant results favoring intervention
[35,38,39], and 2 did not show any significant results [37,42].

One effective intervention involving vitamin E supplementation
(900 mg/day) and exercise revealed that the chair stand test (MD
[95% CI]: 4.30 repetitions [3.56, 5.04]; p < 0.016) and arm curl test
(MD [95% CI]: 2.2 repetitions [1.37, 3.03]; p < 0.016) were signifi-
cantly increased in comparison to the control group [35]. Addi-
tionally, in the same RCT, the chair stand test was significantly
increased in the exercise group in comparison to the control group
(MD [95% CI]: 4.40 repetitions [3.59, 5.21; p < 0.016) [35].

Other effective RCT intervention involving tea catechin supple-
mentation (540 mg/day) and exercise determined that the TUG test
was significantly decreased (MD [95% CI]: �1.76 s. [�2.01, �1.51]; p
[Group x time]<0.001), and usual and maximum walking speed
were significantly increased (MD [95% CI]: 0.13 m/s [0.10, 0.16]; p
[Group x time] ¼ 0.007; 0.35 m/s [0.31, 0.39]; p[Group x time]
<0.001, respectively) in comparison to the health education control
group [39].

The last effective RCT intervention based on magnesium sup-
plementation (900 mg/day) showed that SPPB walking (MD [95%
CI]: 0.52 points [0.28, 0.76]; p[Group x time]<0.0001) and walking
speed (MD [95% CI]: 0.19 m/s [0.11, 0.27]; p[Group x time]
<0.00001) were significantly increased in comparison to the con-
trol group [38]. Additionally, compared to the control group, chair
stand time was significantly reduced (MD [95% CI]: �1.16 s.
[�1.81, �0.51]; p[Group x time] ¼ 0.0005) in the magnesium
intervention group [38]. However, one RCT intervention about diets
including A-RF such as increasing fruit and vegetable consumption
(increasing �5 portions of fruits and vegetables/day) [37], and
another RCT based on vitamin E supplementation (218 mg/day of
vitamin E) in combination with protein and vitamin D [42], did not
reveal significant results between the intervention and placebo
groups over time.
3.10. Associations between sarcopenia status and antioxidants in
the observational studies

Of the 19 observational studies, 5 studies (4 cross-sectional
studies [25,27,46,49] and one study with cross-sectional and
cohort analyses [29]) assessed two or more sarcopenia variables,
such as MM, MS, and PF, and exhibited the results focused on sar-
copenia status.
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A total of 4 cross-sectional studies evaluated the relationship
between dietary patterns including A-RF and the consumption of
specific A-RF and sarcopenia status in old-young adults
[25,27,46,49]; 3 of them observed significant negative associations
[27,46,49], and one did not demonstrate significant results [25]
(Table 7; Supplemental Table 13).

One cross-sectional study indicated that the three highest fruit
consumption quartiles (1 to >4 servings/day), compared to the
lowest quartile (0 servings/day), were significantly associated with
a 26%e40% lower risk of sarcopenia, especially in women with a
44%e62% lower risk, after adjusting for confounding variables in
old-young adults from middle-income countries [49]. Another
cross-sectional study signaled that the highest quartile of
antioxidant-rich dietary pattern score (0.49e6.12 score from �2.09
to 6.12) rich inmushrooms, fruits, andmilk, compared to the lowest
quartile (�2.09 to �0.66 score), was significantly associated with a
67% lower likelihood of sarcopenia in a fully adjusted model in
Chinese old-young adults [46].

Another cross-sectional study found that elderly individuals in
the highest tertile of the Mediterranean dietary pattern were
significantly associatedwith a 60% lower likelihood of sarcopenia in
a fully adjusted model in old-young Iranian adults [27].

One study that performed cross-sectional and cohort analyses
evaluating dietary patterns including A-RF and sarcopenia status,
did not observe any significant results [29] (Table 7; Supplemental
Table 14).
3.11. Antioxidant effects on sarcopenia status in the RCTs

No RCT exhibited results based on sarcopenia status.
3.12. Quality of the observational studies included in the systematic
review

Table 8 outlines the quality of the observational studies included
in the systematic review. According to the Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies [22], the
quality of the 13 cross-sectional studies included in the present
systematic review was high in 3 studies [26,31,45] and medium in
10 studies [25,27,28,32,34,46,47,49e51]. Additionally, all 5 cohort
studies were of medium quality [24,30,33,36,48]. Furthermore, the
quality of the one study that involved both cohort and cross-
sectional analyses was mediumehigh [29].

Themost reported questions by all 19 cohort and cross-sectional
studies were question 1 (research question) and question 14 (sta-
tistical analyses). Specifically, all observational studies clearly
stated a research question, measured the potential confounding
variables, and adjusted the results. Instead, question 5 (sample size
justification), question 10 (repeated exposure assessment), and
question 13 (follow-up rate) were less reported by the studies. No
study reported question 7 (sufficient timeframe to see an effect) or
question 12 (the blinding of outcome assessors).
3.13. Quality of the RCTs included in the systematic review

According to the Cochrane risk of bias tool RoB2 [23], of the 9
RCTs included, 4 were classified as having a high risk of bias
[35,39,41,44], 3 with some concerns [37,38,43], and 2 as having a
low risk of bias [40,42] (Fig. 2). Of the 4 RCT studies with a high risk
of bias, one had high risk in domain 2 (deviations from the intended
interventions) [44], one in domain 3 (missing outcome data) [39],
one in domain 4 (measurement of the outcome) [41], and one in
domains 2 and 4 [35].



Table 8
Quality of the cohort and cross-sectional studies included in the systematic review.

Type of
study

1. Research
question

2. Study
population

3. Participation
rate

4. Participants
selection and
eligibility
criteria

5. Sample
size
justification

6. Exposure
assessment

7. Sufficient
timeframe to
see and effect

8. Different
levels of
exposure

9. Exposure
measures and
assessment

10. Repeated
exposure
assessment

11. Outcome
measures

12. Blinding
of outcome
assessors

13. Follow-
up rate

14. Statistical
analyses

Quality:

Arias-
Fern�andez L
et al., 2019
[33]

Cohort Yes Yes Yes NR No Yes NR Yes Yes Yes No No CD Yes Medium

Atkins JL et al.,
2014 [32]

Cross-
sectional

Yes Yes Yes NR No No No No Yes No Yes NA NA Yes Medium

Barrea L et al.,
2019 [31]

Cross-
sectional

Yes Yes No Yes Yes No No Yes Yes No Yes NA NA Yes High

Bartali B et al.,
2008 [30]

Cohort Yes No Yes NR No Yes NR No Yes No Yes No No Yes Medium

Chan R et al.,
2016 [29]

Cohort and
cross-
sectional

Yes Yes Yes Yes No Yes NR No Yes No Yes No No Yes Medium-
High

Chen YL et al.,
2014 [28]

Cross-
sectional

Yes Yes CD Yes No No No Yes Yes No Yes NA NA Yes Medium

Hashemi R
et al., 2015
[27]

Cross-
sectional

Yes Yes CD Yes No No No Yes Yes No Yes NA NA Yes Medium

Kim H et al.,
2019 [26]

Cross-
sectional

Yes Yes Yes Yes No No No Yes Yes No Yes NA NA Yes High

Kim J et al.,
2015 [50]

Cross-
sectional

Yes Yes Yes NR No No No NA Yes No Yes NA NA Yes Medium

Kim J et al.,
2015 [51]

Cross-
sectional

Yes Yes Yes Yes No No No No No No Yes NA NA Yes Medium

Koyanagi A
et al., 2020
[49]

Cross-
sectional

Yes Yes CD NR No No No Yes No No NR NA NA Yes Medium

Lauretani F
et al., 2007
[47]

Cross-
sectional

Yes No Yes NR No No No Yes Yes No Yes NA NA Yes Medium

Lauretani F
et al., 2008
[48]

Cohort Yes Yes Yes NR No Yes NR Yes Yes Yes Yes No No Yes Medium

Li C et al., 2020
[46]

Cross-
sectional

Yes Yes CD No No No No Yes Yes No Yes NA NA Yes Medium

Semba RD
et al., 2003
[45]

Cross-
sectional

Yes Yes Yes Yes No No No Yes Yes No Yes NA NA Yes High

Struijk EA
et al., 2018
[36]

Cohort Yes Yes Yes Yes No Yes NR Yes Yes No No No Yes Yes Medium

ter Borg S et al.,
2019 [25]

Cross-
sectional

Yes Yes CD Yes No No No Yes Yes No Yes NA NA Yes Medium

Yokoyama Y
et al., 2017
[24]

Cohort Yes Yes CD No No Yes NR Yes No No Yes No No Yes Medium

Zbeida M et al.,
2014 [34]

Cross-
sectional

Yes Yes CD NR No No No Yes No No No NA NA Yes Medium

TOTAL OF AFFIRMATIVE
RESULTS

19 17 11 9 1 6 0 14 15 2 15 0 1 19

CD: cannot determine; NA: not applicable; NR: not reported.
Questions 6, 7, 12, and 13 are only for cohort studies. The cross-sectional studies answers were: No (questions 6 and 7) and NA (questions 12 and 13).
Cohort studies: low quality (�5 points), medium quality (6e9 points), and high quality (10e14 points). Cross-sectional studies: low quality (�3 points), medium quality (4e7 points), and high quality (8e10 points).
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Fig. 2. Quality of the RCTs included in the systematic review.

Fig. 3. Forest plot of the meta-analysis of RCTs that evaluated the effect of antioxidant supplementation and A-RF supplementation in relation to handgrip strength (kg).

Fig. 4. Forest plot of the meta-analysis of RCTs that evaluated the effect of antioxidant supplementation and A-RF supplementation in relation to the time to complete 5 stands (s).
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3.14. Meta-analysis of the RCTs

A total of 4 RCTs were included in the meta-analysis [37e39,42].
Four RCTs contained data about MS as handgrip strength
[37e39,42] (Fig. 3), and 3 RCTs were about PF measured as time to
complete 5 stands, which consisted of getting up from a chair
without armrests five times with the arms against the chest
[37,38,42] (Fig. 4). Regarding MM in the RCTs, it was not possible to
conduct a meta-analysis because outcomes were expressed in
different units and measured with different tools, so not enough
RCTs could be included.

The meta-analysis of 4 RCTs [37e39,42] that assessed the effect
of antioxidant supplementation and interventions based on the
consumption of A-RF on MS revealed a significant increase in
handgrip strength (kg) (1.02 MD; 95% CI 0.60, 1.44; p < 0.01;
I2 ¼ 43%) (Fig. 3). The present meta-analysis of 4 RCTs included a
sample of 321 individuals. The 4 RCT interventions included in the
meta-analysis were about magnesium supplementation (900 mg/
day of oral magnesium oxide equivalent to 300 mg bioavailable
magnesium for 12 weeks [3 months]) [38], vitamin E supplemen-
tation (218 mg/day of vitamin E) in combination with vitamin D
2321
(1404 IU/day) and protein (44 g/day), for 6 months in a powder mix
to be reconstituted [42], tea catechin supplementation (540mg/day
of catechin for 3 months) [39], and increasing fruit and vegetable
consumption to 5 portions/day for 16 weeks (4 months) [37].

The meta-analysis of 3 RCTs [37,38,42] that evaluated the effect
of antioxidant supplementation and A-RF supplementation in
relation to PF revealed a significant reduction in the time to com-
plete 5 stands (sec) (�1.11 MD; 95% CI -1.70, �0.51; p < 0.01;
I2 ¼ 0%) (Fig. 4). The present meta-analysis of 3 RCTs included a
sample of 264 individuals. Additionally, the interventions included
were magnesium supplementation [38], vitamin E supplementa-
tion in combinationwith vitamin D and protein [42], and increasing
fruit and vegetable consumption [37], as explained in the above
meta-analysis of MS.

4. Discussion

The present systematic review of observational studies deter-
mined that A-RF were associated with better MM, MS, PF, and
overall sarcopenia status in old-young adults. In addition, the
present meta-analysis of RCTs showed that interventions based on
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the supplementation of antioxidants such as magnesium, vitamin E
in combination with vitamin D and protein, tea catechins, and
increasing daily fruit and vegetable consumption produced an
improvement in MS and PF, especially in handgrip strength and the
time to complete 5 stands. However, there was not enough evi-
dence neither to make associations nor to conduct a meta-analysis
about MM. Additionally, to answer the objective, only the positive
association of fruit and vegetable consumption with MM obtained
via the observational studies were confirmed by the RCTs.

The systematic review of cross-sectional studies indicated that
higher consumption of vitamin C [32], selenium [28], and fruits and
vegetables [50,51] was significantly associated with higher MM in
old-young adults. Further, the vitamin C results can be confirmed
by a cross-sectional study with �42-year-old population [52]. In
addition, one literary review established that vitamin E could
reverse muscle damage [53]. In contrast, the systematic review of
RCTs only showed an improvement in MM by following a diet rich
in A-RF [41], and was not enough to determine any relationship
between MM and antioxidants. However, a review suggests that a
healthy diet could be as effective or more effective than supple-
mentation to preserve MM in the elderly [54]. In addition, the
positive association of fruit and vegetable consumption with MM,
detected in observational studies from Korea [50,51], was
confirmed on a Swedish RCT based on the consumption of �600 g/
day of fruits, vegetables, and berries [41]. This confirmation was
justified because the portion size in Korean observational studies
(40 g of vegetables and 100 g of fruits for each serving [55]) applied
to their daily fruit and vegetable consumption, was similar to the
RCT intervention [41] and Swedish recommendations [56]. Addi-
tionally, it was not possible to estimate the clinical impact of MM
improvement in the RCTs.

The systematic review of cross-sectional and cohort studies
indicated that higher consumption of selenium [47], carotenoids
[45,48] and a-tocopherol [45], extra virgin olive oil, vegetables,
fruits, and nuts, following the Mediterranean dietary pattern [31],
and having higher scores of diet quality [26] or diet variety [24],
reflected better MS. On this line, these results were confirmed by a
recent cohort study with �33-year-old subjects [57] and a literary
review [58]; it showed that the intake of carotenoids or carotenoid-
rich foods protects against the decline in MS in old-young adults.
The present meta-analysis of RCTs showed that antioxidant sup-
plementation of vitamin E (218 mg/day) in combination with
vitamin D and protein [42], tea catechins (540 mg/day) [39], mag-
nesium (900 mg/day) [38], and increasing fruit and vegetable
consumption (to 5 portions/day) [37] improved handgrip strength
by 1.02 kg, but it was not possible to quantify the clinical impact of
handgrip strength improvement [59].

In the present systematic review no cross-sectional studies
showed significant results about PF, but some cohort studies
determined favorable associations related to vitamin E [30], fruits
[36], nuts [33,36], Mediterranean dietary pattern [36], and diet
Table 9
Antioxidant recommendations to improve MS and PF according to the meta-analysis of R

Study Sarcopenia
parameters

Type of source or supplementation

Bo Y et al., 2019 [42] MS
PF

Vitamin E supplementation in
combination with vitamin D and
protein

Veronese N et al., 2014 [38] MS
PF

Magnesium oxide

Kim H et al., 2013 [39] MS Tea catechins
Neville CE et al., 2013 [37] MS

PF
Fruit and vegetable

MS: muscle strength; PF: physical function.
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variety [24]. One cohort study [57] and a literary review [58]
indicated that carotenoids and carotenoid-rich food consumption
protects against walking disability [58] and improves gait speed
[57]. Moreover, the cohort study determined that vitamin E con-
sumption improves gait speed too [57]. Further, the meta-analysis
of RCTs revealed that antioxidant supplementation of vitamin E
(218 mg/day) in combination with vitamin D and protein [42],
magnesium (900 mg/day) [38], and an increase in fruit and vege-
table consumption (to 5 portions/day) [37] improved PF, reducing
the time to complete 5 stands by 1.11 s. Unfortunately, no interval
related to the time to complete 5 stands has been described to
determine the clinical impact of these interventions. Nevertheless,
an increase of 0.1 m/s in gait speed, a 1-point increase in SPPB score,
or an increase of at least 50 m in the 6-min walk test could be used
as a reference to assess the clinical impact of the different in-
terventions [59e61]. Two RCTs about exercise and tea catechin
supplementation [39] and magnesium supplementation [38], had
an improvement of walking speed with clinical relevance from
baseline to the end of the intervention. Finally, another RCT showed
an improvement in the 6-min walk test over 50 m with clinical
relevance from baseline to the end of the intervention in the ex-
ercise and exercise-vitamin groups [35].

According to the antioxidant recommendations for increasing
MS and PF based on the meta-analysis of RCTs (Table 9), in-
terventions between 3 and 6 months could be enough [37e39,42].

The current systematic review of cross-sectional studies deter-
mined that higher consumption of fruits [49] and following the
Mediterranean dietary pattern [27], or a diet rich in antioxidants
[46], can improve overall sarcopenia status in old-young adults.
One systematic review concluded that magnesium and selenium
are themost useful minerals for preventing and treating sarcopenia
[62]. Additionally, the Mediterranean diet contains many A-RF,
specially highlighting nuts and olive oil due to their ability to
modulate oxidative processes [63]. Further, in combination with
resistance training, was associated with greater antioxidant ca-
pacity [64].

Thus, based on the present systematic review and meta-
analysis, it is possible to grasp the importance of antioxidants as
a tool to improve MS and PF. However, more research is needed to
determine the impact of other antioxidants such as vitamins (in
particular vitamin A), minerals (iron, zinc, and copper), and
phenolic compounds, or A-RF such as beans, seeds, and cacao on
sarcopenia status. Moreover, should be performed future meta-
analysis about MM and observational studies.

4.1. Limitations

The present systematic review and meta-analysis faced some
limitations. First, it was difficult to unify the results due to the use of
different antioxidant intake and sarcopenia assessment tools and
their respective units. Second, 3 observational studies [26,30,51],
TCs.

Dosage Exercise or
physical activity

Duration

218 mg/day of vitamin E
1404 IU/day of vitamin D
44 g protein/day

No 24 weeks (6 moths)

900 mg/day Yes 12 weeks (3 months)

540 mg/day Yes 12 weeks (3 months)
5 portions/day No 16 weeks (4 months)
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involved individuals who consume nutritional supplements, and 5
RCTs did not exclude volunteers who had taken supplements before
the intervention started [38,39,41,42,44]. Additionally, some RCT
studies included protein supplements or physical activity in the
interventions, two aspects that can be involved in the results
observed. Thus, the results could not be fully attributed to A-RF or
interventions. This was a major limitation. Third, in observational
studies, a dietary pattern could indeed include different antioxi-
dants with synergistic influence and it was not possible to isolate
the individual antioxidant power. Fourth, we included articles from
different countries showing different lifestyles and eating habits,
and this could affect in a different way on sarcopenia management.
Fifth, there are fewer RCTs about antioxidant supplementation on
sarcopenia and the interventions are different among them; for this
reason, future RCTs meta-analysis should be classified considering
A-RF interventions and antioxidant supplementation. Sixth, it was
not possible to conduct a RCT meta-analysis about MM and a meta-
analysis of observational studies. Seventh, some RCTs were not
significant in the results tables, but by contrast, there were signif-
icant in the meta-analysis forest plot, probably due to the RevMan
calculator estimation. Eighth, it was not possible to verify the as-
sociations of MS and PF from observational studies by RCTs because
the variables were different (plasma or serum concentrations vs.
mg/day of supplementation) or the food portion size was different
among the countries. Finally, it was not possible to estimate the
clinical impact of MM andMS outcomes because there is no clinical
reference point [59].

5. Conclusion

The present systematic review of observational studies and
meta-analysis of RCTs established that A-RF or antioxidant sup-
plementation could be a good tool to enhance and treat age-related
sarcopenia, especially MS and PF. The best interventions according
to themeta-analysis of the RCTs were supplementation of vitamin E
in combination with vitamin D and protein, magnesium, tea cate-
chins, and increasing fruit and vegetable consumption. Meanwhile,
more research is required about other antioxidants.
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