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Objective: This study investigates the relationship between dietary omega-3 and

omega-6 polyunsaturated fatty acids (PUFAs) levels and sarcopenia.

Methods: A comprehensive literature search in the databases of PubMed, Web of

Science, and Embase (up to July 2021) were conducted to identify the observational

studies on the relationship between dietary omega-3 and omega-6 PUFAs level and

sarcopenia. The pooled odds ratio (OR) of sarcopenia for the highest vs. lowest dietary

omega-3 and omega-6 PUFAs level and the standard mean difference (SMD) of dietary

omega-3 and omega-6 PUFAs levels for sarcopenia vs. control subjects were calculated.

Results: A total of six studies were identified in this meta-analysis. The overall

multi-variable adjusted OR showed that dietary omega-3 PUFAs level was inversely

associated with sarcopenia (OR = 0.41, 95% CI: 0.26–0.65; P = 0.0001). Moreover,

the overall combined SMD showed that the dietary omega-3 PUFAs level in sarcopenia

was lower than that in control subjects (SMD = −0.19, 95% CI: −0.32 to −0.07;

P = 0.002). With regard to dietary omega-6 PUFAs level, the overall multi-variable

adjusted OR suggested no significant relationship between dietary omega-6 PUFAs

level and sarcopenia (OR = 0.64, 95% CI: 0.33–1.24; P = 0.19). However, the overall

combined SMD showed that the dietary omega-6 PUFAs level in sarcopenia was slightly

lower than that in control subjects (SMD = −0.15, 95% CI: −0.27 to −0.02; P = 0.02).

Conclusion: Our results suggested that the dietary omega-3 PUFAs level was inversely

associated with sarcopenia. However, current evidence is still insufficient to demonstrate

the definite relationship between dietary omega-6 PUFAs levels and sarcopenia. More

well-designed prospective cohort studies with the dietary omega-3/omega-6 PUFAs ratio

are still needed.
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INTRODUCTION

Sarcopenia, an age-related degenerative disorder, is characterized
by the reduction of muscle mass, strength, and physical
performance (1). Sarcopenia is considered to be associated
with frailty, mobility limitation, and mortality in elderly
populations (2). With the increase in life expectancy, sarcopenia
has become a serious health issue in the elderly. Generally
speaking, the pathology of sarcopenia is related to aging,
body composition, exercise, and inflammation status (3–5). In
addition, the dietary factors have also entered the researchers’
field of vision (6). Thus, the identification of modifiable
dietary factors for sarcopenia appears to be important for
its management.

Essential fatty acids are composed of two kinds of
polyunsaturated fatty acids (PUFAs), omega-3 and omega-
6 PUFAs. These two important nutritional bioactive compounds
often have opposing physiological functions (7). Some
epidemiological studies indicated that dietary omega-3 PUFAs
level was inversely associated with cardiovascular disease (8),
metabolic syndrome (9), and fractures (10). Importantly, PUFAs
were also associated with the hypertrophy ofmuscle (11). Ameta-
analysis of randomized controlled trials has demonstrated that
omega-3 PUFAs supplementation could increase muscle mass
and strength in the elderly population (12). Moreover, omega-3
PUFAs could also modulate the molecules related to sarcopenia
in experimental animal models (13–15). Taken together, the
dietary omega-3 PUFAs level seems to be inversely associated
with sarcopenia.

To our best knowledge, several observational studies have
examined the relationship between dietary omega-3 and omega-
6 PUFAs levels and sarcopenia. However, their results are
still controversial (16–21). Therefore, this meta-analysis of
observational studies was systematically performed to investigate
the above issues further.

METHODS

Search Strategy
This meta-analysis was performed according to the Preferred
Reporting Items for Systematic review and Meta-analyses
(PRISMA) guidelines (22). Using a series of logic combinations
of sarcopenia (“sarcopenia,” “sarcopenic”) and fatty acids (“fatty
acids,” “fatty acids”), the electronic databases of PubMed, Web of
Science, and Embase were searched up to July 2021. No language
restrictions were set in the search strategy. The titles and abstracts
were first screened and then the full articles were read to identify
eligible studies.

Study Selection
The title and abstract screening of relevant articles was done
separately by two researchers (YZ and YSL) to identify eligible
studies for inclusion. The potentially eligible articles were
required to meet the following criteria: (1) observational studies;
(2) the exposure of interest was the dietary omega-3 or omega-
6 PUFAs level; (3) the outcomes included sarcopenia; (4) Odds
ratio (OR) with 95% CI or the standard mean difference (SMD)

of dietary omega-3 and omega-6 PUFAs level for sarcopenia
vs. control subjects were reported. The exclusion criteria were
listed as follows: (1) duplicated or irrelevant articles; (2) reviews,
letters, or case reports; (3) randomized controlled trials; and (4)
non-human studies.

Data Extraction
Data extraction was conducted by two independent reviewers
(YZ and YSL); disagreements were resolved by consensus. The
first author, year of publication, location, age, gender, sample
size, adjustment, exposure assessment, category of exposure,
effect estimates, and the diagnostic criteria of sarcopenia were
extracted. The corresponding effect estimates adjusted for the
maximum number of confounding variables with corresponding
95%CIs for the highest vs. lowest level were calculated.Moreover,
the dietary omega-3 and omega-6 PUFAs levels (mean± SD) for
sarcopenia vs. control subjects were also extracted to calculate
the SMD.

Statistical Analysis
The OR for sarcopenia and SMD for dietary omega-3 and omega-
6 PUFAs levels were the outcome measures in our study. The
I2 statistic, which measures the percentage of the total variation
across studies due to heterogeneity, was examined (I2 > 50%
was considered heterogeneity). If significant heterogeneity was
observed among studies, the random-effects model was used;
otherwise, the fixed-effects model was acceptable. Begg’s tests
were performed to assess the publication bias (23), and statistical
analyses were performed using STATA version 11 (StataCorp LP,
College Station, TX, USA). A value of p ≤ 0.05 was accepted as
statistically significant. A subgroup analysis for a geographical
region, gender, sample size, exposure assessment, adjustment
of BMI, energy intake, and physical activity was conducted for
OR analysis. The subgroup analysis for dietary omega-6 PUFAs
level was not employed since only 3 studies were available.
In addition, a subgroup analysis for a geographical region,
sample size, and exposure assessment was also performed for
SMD analysis. Since the SD for omega-3 PUFAs consumption
was reported as “0.0” in Yang’s study (19), we excluded this
study in SMD analysis. In addition, a sensitivity analysis was
conducted to determine whether an individual study may affect
the pooled result.

RESULTS

Study Identification and Selection
The detailed flow diagram of the articles included in this
meta-analysis was presented in Figure 1. A total of 791
potentially relevant articles (PubMed: 191, Embase: 246,
and Web of Science: 354) were yielded during initial
literature searches. After eliminating 335 duplicated
articles, 456 articles were screened by titles and abstracts.
One hundred and sixty-three irrelevant studies, 194
reviews, case reports or letters, 73 non-human studies,
and 20 randomized controlled trials studies were removed.
Eventually, a total of 6 articles were identified for this
meta-analysis (17–22).
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FIGURE 1 | The detailed flow diagram of the study identification and selection in this meta-analysis.

Study Characteristics
The main characteristics of the included studies were presented
in Table 1. These studies were published between 2016 and 2021,
which included six studies. three studies were performed in
Asia (Japan and Korea) (17, 19, 21), and the other 3 ones were
conducted in the Netherlands (16), Australia (18), and Brazil
(20). Five studies included both male and female participants
(16, 17, 19–21), whereas 1 study included only male participants
(18). The sample size ranged from 125 to 3,815. The dietary
PUFAs level was assessed by food-frequency questionnaire (FFQ)
in five studies (16–19, 21) and 24 h recall method in 1 study
(20). The diagnostic criteria of sarcopenia are EuropeanWorking
Group on Sarcopenia (EWGSOP) (16, 20), AsianWorking Group
for Sarcopenia (AWGS) (19, 21), Foundation for the National
Institutes of Health (FNIH) (18), and Japan Society of Hepatology
guidelines for sarcopenia (JSHS) (17), respectively.

OR of Sarcopenia for the Highest vs.
Lowest Dietary Omega-3 PUFAs Category
The overall multi-variable adjusted OR showed that the dietary
omega-3 PUFAs level was inversely associated with sarcopenia
(OR = 0.41, 95% CI: 0.26–0.65; P < 0.001) (Figure 2). A
substantial level of heterogeneity was found among various

studies (P = 0.028, I2 = 60%). Begg’s rank-correlation test
showed no evidence of publication bias (P = 0.06). The results of
subgroup analysis were presented in Table 2. The above findings
were confirmed in women (OR = 0.25, 95% CI: 0.11–0.54),
>500 sample-sized (OR = 0.41, 95% CI: 0.21–0.77; P = 0.006),
adjustment of BMI (OR = 0.89, 95% CI: 0.86–0.93; P < 0.001),
and energy intake (OR = 0.38, 95% CI: 0.19–0.75; P = 0.005)
studies, but not in men (OR = 0.58, 95% CI: 0.23–1.47; P =

0.25), <500 sample-sized (OR = 0.28, 95% CI: 0.06–1.45; P =

0.13), unadjustment of BMI (OR = 0.28, 95% CI: 0.06–1.45; P
= 0.13), and energy intake (OR = 0.42, 95% CI: 0.17–1.05; P =

0.06) studies.

SMD of the Dietary Omega-3 PUFAs Level
for Sarcopenia vs. Control Subjects
The overall combined SMD showed that the dietary omega-3
PUFAs level in sarcopenia was lower than that in control subjects
(SMD = −0.19, 95% CI: −0.32 to −0.07; P = 0.002) (Figure 3).
No substantial level of heterogeneity was found among various
studies (P= 0.707, I2 = 0%). Begg’s rank-correlation test showed
no evidence of publication bias (P = 0.806). The results of
subgroup analysis were showed in Table 3. The above findings
were confirmed in FFQ (SMD=−0.21, 95% CI:−0.34 to−0.08;
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TABLE 1 | Characteristics of the individual studies included in this meta-analysis.

First author year

of publication

Location Age Gender Sample

size

Adjustments Exposure

assessment

Category of

exposure

Effect estimates (OR or

SMD)

Diagnostic

criteria of

sarcopenia

Borg (16) Netherlands ≥65 Both 227 NA 104-item FFQ
Control subjects

Sarcopenia subjects

Control subjects

Sarcopenia subjects

Omega-3 PUFAs

7.14 (6.96, 7.32)

6.98 (6.70, 7.26)

Omega-6 PUFAs

28.0 (27.7, 28.3)

27.9 (27.5, 28.3)

EWGSOP

Das (18) Australia ≥75 Male 794 Age, BMI, marital status,

living arrangement, income,

smoking status, MMSE

score, alcohol intake, SRH,

meal service, able to shop

for groceries, meal

preparation, no of

co-morbidities, PASE

and energy

111-item FFQ Omega-3 PUFAs

Quartiles 1

Quartiles 2

Quartiles 3

Quartiles 4

Omega-6 PUFAs

Quartiles 1

Quartiles 2

Quartiles 3

Quartiles 4

Control subjects

Sarcopenia subjects

Control subjects

Sarcopenia subjects

1.00

0.86 (0.40, 1.83)

0.70 (0.30, 1.63)

0.45 (0.21, 0.95)

1.00

0.58 (0.25, 1.33)

0.45 (0.19, 1.04)

0.36 (0.17, 0.78)

Omega-3 PUFAs

1.30 (1.23, 1.37)

1.10 (0.96, 1.24)

Omega-6 PUFAs

10.10 (9.67, 10.53)

8.70 (7.70, 9.70)

FNIH

Okamura (17) Japan ≥65 Both 342 Age, sex, exercise,

smoking status, diabetes

duration, Hemoglobin A1c,

energy intake, protein

intake, fat intake

58-item FFQ Omega-3 PUFAs

Tertiles 1

Tertiles 2

Tertiles 3

Control subjects

Sarcopenia subjects

Control subjects

Sarcopenia subjects

1.0

0.62 (0.20, 3.16)

0.10 (0.02, 0.64)

Omega-3 PUFAs

3.00 (2.86, 3.14)

2.60 (2.30, 2.90)

Omega-6 PUFAs

10.10 (9.64, 10.56)

8.80 (7.78, 9.82)

JSHS

(Continued)
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TABLE 1 | Continued

First author year

of publication

Location Age Gender Sample

size

Adjustments Exposure

assessment

Category of

exposure

Effect estimates (OR or

SMD)

Diagnostic

criteria of

sarcopenia

Yang (19) Korea ≥60 Both 3,815 Age, BMI, total cholesterol,

systolic blood pressure,

fasting plasma glucose,

AST, hsCRP, current

smoking status, heavy

alcohol intake, economic

status, marital status,

education duration,

occupation, sufficient

physical activity, history of

diabetes mellitus, history of

hypertension and protein

intake

FFQ Male

Omega-3 PUFAs

Quartiles 1

Quartiles 2

Quartiles 3

Quartiles 4

Female

Omega-3 PUFAs

Quartiles 1

Quartiles 2

Quartiles 3

Quartiles 4

Male

Control subjects

Sarcopenia subjects

Female

Control subjects

Sarcopenia subjects

1.00

1.56 (0.80, 3.05)

1.25 (0.61, 2.53)

0.92 (0.46, 1.86)

1.00

0.66 (0.38, 1.16)

0.64 (0.37, 1.10)

0.25 (0.11, 0.53)

Omega-6 PUFAs

3.70 (3.50, 3.90)

3.90 (3.50, 4.30)

Omega-6 PUFAs

4.00 (3.80, 4.20)

3.80 (3.41, 4.19)

AWGS

Reis (20) Brazil 48 Both 125 Sex, age, weight, waist

circumference, energy

intake, glomerular filtration

rate, physical activity,

C-reactive protein, use of

immunosuppressive and

corticoids drugs:

calcineurin inhibitor, cell

proliferation and mTOR

inhibitors, prednisone and

caloric intake misreporting

24 h recall Omega-3 PUFAs

Non-consumer

Consumer

Omega-6 PUFAs

Non-consumer

Consumer

Control subjects

Sarcopenia subjects

Control subjects

Sarcopenia subjects

1.00

0.55 (0.45, 0.93)

1.00

0.97 (0.87, 1.07)

Omega-3 PUFAs

1.40 (0.70, 2.10)

1.40 (0.50, 2.30)

Omega-6 PUFAs

14.3 (12.8, 15.8)

12.6 (10.2, 15.0)

EWGSOP

Otsuka (21) Japan ≥60 Both 1,345 Age, sex, BMI, residence

area, current smoking

habit, current alcohol

drinking habit, and total

caloric intake

56-item FFQ Omega-3 PUFAs

Quartiles 1

Quartiles 2

Quartiles 3

Quartiles 4

Omega-6 PUFAs

Quartiles 1

Quartiles 2

Quartiles 3

Quartiles 4

Control subjects

Sarcopenia subjects

Control subjects

Sarcopenia subjects

1.00

1.19 (0.54, 2.63)

0.96 (0.41, 2.23)

0.28 (0.09, 0.89)

1.00

1.65 (0.77, 3.51)

(0.42, 2.39)

0.39 (0.12, 1.26)

Omega-3 PUFAs

3.10 (3.02, 3.18)

2.90 (2.58, 3.22)

Omega-6 PUFAs

10.3 (10.1, 10.5)

9.0 (8.3, 9.7)

AWGS
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FIGURE 2 | Forest plot of meta-analysis: Overall multi-variable adjusted OR of sarcopenia for the highest vs. lowest category of dietary omega-3 PUFAs level.

P = 0.002), but not 24 h recall method (SMD= 0, 95% CI:−0.45
to 0.45) studies.

OR of Sarcopenia for the Highest vs.
Lowest Dietary Omega-6 PUFAs Category
The overall multi-variable adjusted OR suggested no significant
relationship between dietary omega-6 PUFAs level and
sarcopenia (OR = 0.64, 95% CI: 0.33 to 1.24; P = 0.19)
(Figure 4). A substantial level of heterogeneity was found
among various studies (P = 0.049, I2 = 66.8%). Begg’s
rank-correlation test showed no evidence of publication
bias (P = 1).

SMD of the Dietary Omega-6 PUFAs Level
for Sarcopenia vs. Control Subjects
The overall combined SMD showed that the dietary omega-6
PUFAs level in sarcopenia was lower than that in control subjects
(SMD = −0.15, 95% CI: −0.28 to −0.02; P = 0.023) (Figure 5).
A substantial level of heterogeneity was found among various
studies (P = 0.036, I2 = 55.4%). Begg’s rank-correlation test
showed no evidence of publication bias (P = 0.548). The results
of subgroup analysis were showed in Table 4. The above findings
were confirmed in FFQ (SMD=−0.14, 95% CI:−0.28 to−0.01;
P = 0.04), but not 24 h recall method (SMD = −0.23, 95% CI:
−0.69 to 0.22) studies.

Sensitivity Analysis
The sensitivity analysis showed only minimal changes in the
pooled estimate when any study was excluded from the
meta-analysis. It showed that no individual study had
an excessive influence on these robust aggregate results
(data not shown).

DISCUSSIONS

In the present meta-analysis, a total of 6 studies were
identified for examination, and the pooled analysis showed
that the dietary omega-3 PUFAs level was inversely associated
with sarcopenia.

The potential negative association between dietary omega-
3 PUFAs level and sarcopenia may be explained as follow.
First, omega-3 PUFAs could activate the mammalian target
of rapamycin/ribosomal protein kinase S6 (mTORp/70s6k)
signaling pathway and then improve the anabolism of net
muscle protein. The sensitivity of responses to anabolic stimuli
(enhanced protein intake, resistance exercise, and insulin)
could therefore be increased (24, 25). Second, omega-3 PUFAs
could inhibit the synthesis of Prostaglandin I2 (PGI2) at
the level of cyclooxygenases (COX) and subsequently inhibit
lipogenesis (26–28). Third, omega-3 PUFAs could attenuate
oxidative stress and suppress muscle atrophy by suppressing
the forkhead box-containing protein O1 (foxo1) pathway (29,
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TABLE 2 | Subgroup analysis of sarcopenia for the highest vs. lowest dietary omega-3 polyunsaturated fatty acids (PUFAs) category.

Stratification Number of studies Pooled OR 95% CI P-value Heterogeneity

All studies 5 0.41 0.26, 0.65 P < 0.001 P = 0.03; I² = 60%

Geographical region

Asia 3 0.33 0.13, 0.80 P = 0.01 P = 0.02; I² = 71%

Non-Asia 2 0.53 0.44, 0.65 P < 0.001 P = 0.28; I² = 13%

Gender

Male 2 0.58 0.23, 1.47 P = 0.25 P = 0.07; I² = 69%

Female 1 0.25 0.11, 0.54 / /

Sample size

<500 2 0.28 0.06, 1.45 P = 0.13 P = 0.04; I² = 76%

>500 3 0.41 0.21, 0.77 P = 0.006 P = 0.06; I² = 59%

Exposure assessment

FFQ 4 0.35 0.18, 0.67 P = 0.002 P = 0.04; I² = 61%

24h recall 1 0.55 0.45, 0.67 / /

Diagnostic criteria of sarcopenia

AWGS 2 0.42 0.17, 1.05 P = 0.06 P = 0.03; I² = 71%

Other 3 0.38 0.19, 0.75 P = 0.005 P = 0.07; I² = 62%

Adjustment of BMI

Adjusted 3 0.41 0.21, 0.77 P = 0.006 P = 0.06; I² = 59%

Unadjusted 2 0.28 0.06, 1.45 P =0.13 P = 0.04; I² = 76%

Adjustment of physical activity

Adjusted 2 0.52 0.30, 0.91 P = 0.02 P = 0.05; I² = 68%

Unadjusted 3 0.28 0.16, 0.51 P < 0.001 P = 0.37; I² = 0%

Adjustment of energy intake

Adjusted 3 0.38 0.19, 0.75 P = 0.005 P = 0.07; I² = 62%

Unadjusted 2 0.42 0.17, 1.05 P = 0.06 P = 0.03; I² = 71%

Adjustment of co-morbidities

Adjusted 3 0.35 0.16, 0.78 P = 0.01 P = 0.02; I² = 70%

Unadjusted 2 0.54 0.44, 0.66 P < 0.001 P = 0.25; I² = 24%

30). Fourth, animal studies have demonstrated that omega-3
PUFAs alone or combined with cholecalciferol or menaquinone-
7 intervention could significantly modulate the molecules related
to sarcopenia (13–15).

Recently, our topic has been discussed by a meta-analysis
of randomized controlled trials, which showed a beneficial
effect of omega-3 PUFAs supplementation on muscle mass and
walking speed in the elderly population (especially for those
consuming more than 2 g/day) (12). Indeed, our results showed
an inverse relationship between dietary omega-3 PUFAs level
and sarcopenia. Moreover, another recent meta-analysis has
compared the nutrient intake among the elderly with andwithout
sarcopenia (31). It showed that the saturated fatty acids intake
in sarcopenia subjects was lower than that in control. However,
PUFAs were not considered. Taken together, our study was a
perfect addition to current evidence.

So far, the circulating omega-3 PUFAs level in sarcopenia has
also been investigated in several studies. Borg et al. indicated
that a lower circulating level of eicosapentaenoic acid (EPA) was
associated with sarcopenia (32). Jang et al. showed that the serum
omega-3 PUFAs level was positively associated with muscle
strength (33). Moreover, Murphy showed that the depleted

plasma omega-3 PUFAs in cancer patients with sarcopenia
may contribute to accelerate the rates of muscle loss (34). In
addition, Belury et al. also found that the lean mass and grip
strength in women with breast cancer was positively associated
with the level of erythrocyte omega-3 PUFAs (35). On the
other hand, the bioavailability of omega-3 PUFAs is commonly
ignored in defeating disorders. The biological effect of omega-
3 PUFAs is determined by the formation of phospholipids and
the regulation of membrane properties. The omega-3 PUFAs
content in erythrocyte membranes (36) and fatty acids-based
membrane lipidomics (37) are considered as reliable indicators
for omega-3 PUFAs intake. However, FFQ could not reflect
the biological effective quantity of omega-3 PUFAs. Above all,
further studies on the bioavailability of omega-3 PUFAs are
still needed.

Interestingly, the inverse relationship between dietary omega-
3 PUFAs levels and sarcopenia was only obtained in women,
but not in men. Although the number of studies with gender
specification is rather limited, some genetic gender differences
may be associated with the diet-related pathology of sarcopenia.
In addition, the inconsistent result with regard to the adjustment
of BMI and energy intake was also acquired. Indeed, BMI
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FIGURE 3 | Forest plot of meta-analysis: SMD of dietary omega-3 PUFAs level for sarcopenia vs. control subjects.

TABLE 3 | Subgroup analysis for standard mean difference (SMD) of dietary omega-3 PUFAs level in sarcopenia vs. control subject.

Stratification Number of studies Pooled OR 95% CI P-value Heterogeneity

All studies 5 −0.19 −0.32, −0.07 P = 0.002 P = 0.71; I² = 0%

Geographical region

Asia 2 −0.21 −0.39, −0.02 P = 0.03 P = 0.30; I² = 6%

Non-Asia 3 −0.18 −0.35, −0.01 P = 0.03 P = 0.59; I² = 0%

Sample size

<500 3 −0.19 −0.39, 0.01 P = 0.06 P = 0.44; I² = 0%

>500 2 −0.19 −0.35, −0.03 P = 0.02 P = 0.48; I² = 0%

Exposure assessment

FFQ 4 −0.21 −0.34, −0.08 P = 0.002 P = 0.71; I² = 0%

24h recall 1 0.00 −0.45, 0.45 / /

and energy intake were reported to be associated with omega-
3 PUFAs and sarcopenia (38–41), which indicated that they
should be considered as confounding factors in further study.
Moreover, the significant findings were disappeared in <500
sample-sized studies, suggesting that a large sample-sized study
may be more reliable to address the issues. Regarding the
diagnostic criteria of sarcopenia, the corresponding result was
lost in AWGS but existed in others. However, the distribution
of diagnostic criteria is scattered (4 criteria in 6 studies), which
may influence the reliability of this subgroup analysis. Above all,
further large well-designed studies are still needed to address the
issues above.

The metabolites of omega-6 fatty acids are pro-
inflammatory/pro-aggregatory agents (42), which may
contribute to the risk of all-cause or coronary heart disorder
mortality and cardiovascular events (43). Indeed, omega-3
and omega-6 fatty acids are supposed to balance each other
when they are consumed in the diet at a ratio of around 1 to
1 (44). The decrease in omega-3/omega-6 PUFAs ratio could
shift the balance into a pro-inflammatory/pro-aggregatory state
(44). Thus, the omega-3/omega-6 PUFAs ratio may be more
useful and reliable than omega-6 PUFAs alone, which may also
partly account for the inconsistent results with regard to its
OR and SMD analysis. Taken together, more studies with the
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FIGURE 4 | Forest plot of meta-analysis: Overall multi-variable adjusted OR of sarcopenia for the highest vs. lowest category of dietary omega-6 PUFAs level.

FIGURE 5 | Forest plot of meta-analysis: SMD of dietary omega-6 PUFAs level for sarcopenia vs. control subjects.

Frontiers in Nutrition | www.frontiersin.org 9 January 2022 | Volume 8 | Article 738083

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Zhang et al. PUFA and Sarcopenia

TABLE 4 | Subgroup analysis for SMD of dietary omega-6 PUFAs level in sarcopenia vs. control subject.

Stratification Number of studies Pooled OR 95% CI P-value Heterogeneity

All studies 6 −0.15 −0.27, −0.02 P = 0.02 P = 0.04; I² = 55%

Geographical region

Asia 3 −0.14 −0.31, 0.04 P = 0.13 P = 0.01; I² = 72%

Non-Asia 3 −0.20 −0.37, −0.03 P = 0.02 P = 0.56; I² = 0%

Sample size

<500 3 −0.20 −0.40, 0.00 P = 0.05 P = 0.48; I² = 0%

>500 3 −0.13 −0.30, 0.04 P = 0.12 P = 0.01; I² = 72%

Exposure assessment

FFQ 5 −0.14 −0.28, −0.01 P = 0.04 P = 0.02; I² = 62%

24h recall 1 −0.23 −0.69, 0.22 / /

dietary omega-3/omega-6 PUFAs ratio are needed to address the
issues above.

Our study has several strengths. First, this is the first meta-
analysis of observational studies on the relationship between
dietary omega-3 and omega-6 PUFAs levels and sarcopenia based
on the most comprehensive literature search to date. Second,
all included studies were published in recent years, suggesting
a potential novel topic in our study. Third, our results are
consistent with the corresponding clinical and experimental
research, whichmay be helpful to better consider the effect of diet
on sarcopenia.

The limitations of this meta-analysis should also be notified.
First, the substantial level of heterogeneity might have distorted
the results. Second, due to the limitation of relevant literature,
only 6 studies were identified totally. Third, the classification
of exposure may also vary greatly among individuals. Fourth,
the diagnostic criteria of sarcopenia and selection of adjusted
factors were not uniform. Fifth, no prospective cohort study was
included, which precluded a causal relationship. Last but not
the least, only one study has specified the ratio of omega-3 and
omega-6 PUFAs consumption (17), some issues could not be
addressed. These limitations might weaken the significance of
this study.

CONCLUSIONS

Our results suggested that the dietary omega-3 PUFAs
level was inversely associated with sarcopenia. However,
current evidence is still insufficient to demonstrate the
definite relationship between dietary omega-6 PUFAs levels
and sarcopenia. More well-designed prospective cohort
studies with the dietary omega-3/omega-6 PUFAs ratio are
still needed.
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