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Objective: This study aims to investigate the association of red meat (processed and

unprocessed) and poultry consumption with the risk of metabolic syndrome (MetS).

Methods: Prospective cohort studies on the association of red meat (processed

and unprocessed) and poultry consumption with the risk of MetS were identified by

comprehensive literature search in the PubMed,Web of Science, and Embase databases

up to March 2021. The pooled relative risk (RR) of MetS with 95% CIs for the highest vs.

lowest category of red meat or poultry consumption was extracted for meta-analysis.

Results: A total of nine prospective cohort studies were included in this study.

Among them, eight studies were identified for red meat consumption. The overall

multi-variable adjusted RR demonstrated that red meat consumption was associated

with a higher risk of MetS (RR = 1.35, 95% CI: 1.13–1.62; P = 0.001). Moreover, four

and three studies were specifically related to processed and unprocessed red meat

consumption, respectively. Both processed (RR = 1.48, 95% CI: 1.11–1.97; P = 0.007)

and unprocessed red meat (RR = 1.32, 95% CI: 1.14–1.54; P = 0.0003) consumption

was associated with a higher risk of MetS. With regard to poultry consumption, three

studies were included. The overall multi-variable adjusted RR suggested that poultry

consumption was associated with lower risk of MetS (RR = 0.85, 95% CI: 0.75–0.97;

P = 0.02).

Conclusions: The current evidence indicates that red meat (processed and

unprocessed) consumption is associated with a higher risk of MetS, whereas, poultry

consumption is associated with a lower risk of MetS. More well-designed randomized

controlled trials are still needed to address the issues further.
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INTRODUCTION

Metabolic syndrome (MetS) is defined as the clustering of at least three of the five following
metabolic alterations: high serum triglyceride, low high-density lipoprotein cholesterol, increased
fasting plasma glucose, elevated waist circumference, and elevated blood pressure (1). In the
developed world, around 25% of the population is suffering from MetS, and the prevalence of this
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condition is still increasing exponentially (2). MetS is considered
as an important public health issue in the 21st century. It is
well-known that many etiologic factors are associated with MetS
[obesity (3), alcohol drinking (4), and cigarette smoking (5)].
Among them, diet is considered as an important factor (6, 7).

As an important part of the global dietary structure, meat is
rich in protein, fat, iron, zinc, and vitamin B12 (8, 9). According
to Healthy Eating Index-2015 (HEI-2015), a lean part of red
meat and poultry was included in protein foods, and a healthy
eating pattern with a variety of protein foods (such as red meat
and poultry) was also recommended by the latest US Dietary
Guidelines recommendations (10). However, some other parts of
red meat and poultry (e.g., fats) were classified as non-protein,
which could not be ignored for their health issues. Indeed, meat
consumption was reported to be associated with digestive system
disease (11), cardiovascular disease (12), type 2 diabetes (13), and
cancer (14) by several observational studies. Thus, it is important
and interesting to further investigate the relationship between
meat consumption and MetS.

Generally speaking, “red” meat refers to beef, pork, horse,
veal, deer, and lamb, whereas, poultry is considered as “white”
meat. “Processed red meat” mainly indicates red meat products
with ingredients (sausages, cold cuts, and others). Of note, salt is
always added to extend its shelf life (15). Therefore, the effect of
meat on MetS may vary greatly. In 2018, the meta-analysis of an
observational study has examined the issues above (16). However,
it combined the results from observational studies together,
which may raise unpredictable heterogeneity. Moreover, it failed
to demonstrate any association between red meat consumption

FIGURE 1 | The detailed flow diagram of the study identification and selection in this meta-analysis.

and the risk of MetS (only three prospective cohort studies
were included), and unprocessed red meat consumption was
not considered either. Therefore, a meta-analysis of prospective
cohort studies with detailed meat specification is important and
necessary to be performed. As far as we know, a number of
prospective cohort studies have examined the association of red
meat and poultry consumption with the risk of MetS (17–25).
However, no final conclusion can be drawn. Taken together, this
meta-analysis was, therefore, employed to further investigate the
issues above.

METHODS

Search Strategy
This meta-analysis was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines (26). We searched the PubMed,
Web of Science, and Embase databases in March 2021
by a series of keywords related to metabolic syndrome
(“metabolic syndrome”), red meat (“meat”), poultry (“poultry”)
and prospective cohort (“cohort,” “follow-up,” “incidence,”
“incident,” “prospective,” “prognosis,” “prognostic” and predict”).

No restrictions for language were set in the search strategy. Titles
and abstracts were screened to identify eligible studies. Then, full
articles were also read to include eligible studies.

Study Selection
The titles, abstracts, and full texts of all potential studies were
reviewed by two researchers (YZ and JD) independently. Criteria
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TABLE 1 | Characteristics of prospective cohort studies included in this meta-analysis.

First author

year of

publication

Location Age

years

Gender

(%)

Sample

size

Follow-up

(year)

Adjustments Exposure

assessment

Category of

Exposure

Effect estimates

for MetS

(95% CI)

Diagnostic

criteria of

MetS

Damião 2006

(17)

Brazil 40–79 Both 151 7 Age, sex, physical activity,

smoking, education level,

alcohol, total energy intake,

total fat intake, and fried

foods

FFQ Red meat NCEP-ATP III

Tertile 1 1

Tertile 2 1.84 (0.51, 6.67)

Tertile 3 3.18 (0.87, 11.5)

Poultry

Tertile 1 1

Tertile 2 2.57 (0.75, 8.83)

Tertile 3 1.36 (0.38, 4.78)

Babio 2012

(18)

Spain 55–80 Both 870 1 Age, sex, smoking, BMI,

physical activity, total energy

intake, dietary alcohol, fiber,

magnesium, and potassium

FFQ Red meat NCEP-ATP III

Quartile 1 1

Quartile 2 1.10 (0.50, 2.70)

Quartile 3 2.70 (1.30, 7.20)

Quartile 4 2.70 (1.10, 6.80)

Unprocessed

red meat

Quartile 1 1

Quartile 2 NA

Quartile 3 NA

Quartile 4 2.20 (1.00, 5.10)

Processed

red meat

Quartile 1 1

Quartile 2 NA

Quartile 3 NA

Quartile 4 2.50 (1.00, 6.20)

Baik 2013

(19)

Korea 40–69 Both 5251 6 Age, sex, income,

occupation, education,

smoking status, alcohol

intake, quartiles of

MET-hours/day, study sites,

FTO genotypes, quartiles of

energy intake, and quintiles

of food groups or food

items.

FFQ Red meat JIS

Quintile 1 1

Quintile 2 1.05 (0.88, 1.26)

Quintile 3 1.17 (0.95, 1.45)

Quintile 4 0.96 (0.75, 1.24)

Quintile 5 1.01 (0.79, 1.29)

Poultry

Quintile 1 1

Quintile 2 NA

Quintile 3 NA

Quintile 4 1.08 (0.93, 1.25)

Quintile 5 0.88 (0.71, 1.09)

Asghari 2015

(20)

Iran 6–18 Both 424 3.6 Age, sex, total energy

intake, physical activity,

dietary fiber, family history of

diabetes, and meat, poultry,

fish, grains,

legumes, and BMI

FFQ Processed

red meat

Cook criteria

Quartile 1 1

Quartile 2 1.06 (0.53, 2.13)

Quartile 3 1.48 (0.87, 2.51)

Quartile 4 2.38 (1.40, 4.05)

Shang 2016

(21)

Australia 49.2 Both 5324 11.2 Age, gender, follow-up

period, ethnicity,

socio-economic status,

physical activity, smoking,

alcohol intake, BMI, WC,

BP, plasma TC, glucose at

baseline, glycaemic index,

FFQ Red meat NCEP-ATP III

Quartile 1 1

Quartile 2 1.17 (0.85, 1.61)

Quartile 3 1.27 (0.91, 1.78)

Quartile 4 1.47 (1.01, 2.15)

(Continued)
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TABLE 1 | Continued

First author

year of

publication

Location Age

years

Gender

(%)

Sample

size

Follow-up

(year)

Adjustments Exposure

assessment

Category of

Exposure

Effect estimates

for MetS

(95% CI)

Diagnostic

criteria of

MetS

consumption of energy,

fiber, sodium, potassium,

magnesium, vitamin C,

vitamin E, saturated fat,

monounsaturated fat,

polyunsaturated fat, and

trans fat

Becerra-

Tomás 2016

(22)

Spain 55–80 Both 1868 3.2 Sex, age, leisure time

physical activity, BMI,

current smoker, former

smoker, vegetables, fruit,

legumes, cereals, fish, dairy

products, alcohol, biscuits,

olive oil, nuts, abdominal

obesity,

hypertriglyceridemia, low

HDL-cholesterol,

hypertension, and high

fasting plasma glucose.

FFQ Red meat JIS

Tertile 1 1

Tertile 2 0.98 (0.82, 1.17)

Tertile 3 1.46 (1.22, 1.74)

Unprocessed

red meat

Tertile 1 1

Tertile 2 0.86 (0.72, 1.02)

Tertile 3 1.27 (1.06, 1.52)

Processed

red meat

Tertile 1 1

Tertile 2 1.06 (0.89, 1.26)

Tertile 3 1.37 (1.15, 1.62)

Poultry

Tertile 1 1

Tertile 2 0.74 (0.63, 0.88)

Tertile 3 0.83 (0.70, 0.99)

Esfandiar

2019 (23)

Iran >18 Both 4653 3.8 Age, sex, baseline BMI,

educational level, smoking

status, total energy intake,

fiber, saturated fat, sodium,

vitamin C, and magnesium

intakes

FFQ Red meat NCEP-ATP III

Quartile 1 1

Quartile 2 0.86 (0.55, 1.26)

Quartile 3 0.96 (0.68, 1.28)

Quartile 4 0.87 (0.56, 1.24)

Huang 2020

(24)

China 18–75 Both 2797 6 Age, gender, regions and

household income level,

BMI, urbanicity index,

smoking, drinking alcohol,

physical activity, and TEI,

dietary fiber, fat,

carbohydrate, usual intake

of vegetables and fruits

FFQ Red meat JIS

Quartile 1 1

Quartile 2 1.03 (0.79, 1.34)

Quartile 3 1.14 (0.87, 1.49)

Quartile 4 1.41 (1.05, 1.90)

Unprocessed

red meat

Quartile 1 1

Quartile 2 1.03 (0.79, 1.34)

Quartile 3 1.24 (0.95, 1.63)

Quartile 4 1.37 (1.02, 1.85)

Processed

red meat

Quartile 1 1

Quartile 2 1.14 (0.90, 1.45)

Quartile 3 1.13 (0.90, 1.42)

Quartile 4 NA

Yuzbashian

2021 (25)

Iran 6–18 Both 531 6.6 Not mentioned FFQ Red meat Cook criteria

Non-red meat

consumer

1

Replacement

by red meat

1.55 (1.21, 1.97)
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for a study to be included were listed as follow: (1) prospective
cohort studies; (2) the exposure of interest was red meat and
poultry consumption; (3) the study outcome included the risk of
MetS; and (4) hazard ratio (HR) or RR with 95% CI reported.
Exclusion criteria were listed as follows: (1) duplicated studies;
(2) irrelevant studies; (3) reviews, letters, or case reports; (4)
randomized controlled trials; and (5) non-human studies.

Data Extraction
Two independent reviewers (YZ and JD) extracted the data.
The following information was collected: first author, year
of publication, location, age, gender, sample size, follow-up,
adjustments, exposure assessment, category of exposure, effect
estimates, and diagnostic criteria of MetS. The effect estimates
adjusted for the maximum number of confounding variables
with 95% CIs for the highest vs. lowest level were extracted. Red
meat refers to the combination of processed and unprocessed
red meat. The majority of included studies reported estimates
for red meat (processed or unprocessed) or poultry (white meat)
directly. However, Asghari et al. reported the estimated effect as
hamburger, sausages, and beef, which were, therefore, combined
as processed red meat (20). Moreover, Shang translated egg
consumption into protein intake, and the estimate effect was
utilized directly (21).

Statistical Analysis
The RR of the association of red meat and poultry consumption
with MetS was considered as the outcome. The percentage of the
total variation across studies due to heterogeneity was examined

by the I2 statistic (I2 > 50% was considered heterogeneity). A
random effects model was utilized when significant heterogeneity
was obtained; otherwise, a fixed effects model was employed.
Publication bias was evaluated by both Begg’s and Egger’s tests
(27). STATA version 11.0 (StataCorp LP, College Station, Texas)
was performed in all statistical analyses. A p-value < 0.05 was
accepted as statistically significant. Moreover, we conducted a
subgroup analysis for follow-up, diagnostic criteria of MetS,
geographical region, sample size, adjustment of BMI, energy
intake, and physical activity.

RESULTS

Study Identification and Selection
The detailed flow diagram of study identification and selection is
presented in Figure 1. Initially, a total of 740 potentially relevant
articles (PubMed 80, Embase 119, and Web of Science 541) were
retrieved, and 580 articles were screened by titles and abstracts
after eliminating 160 duplicated articles. We first excluded 428
irrelevant studies. Thereafter, 85 reviews, case reports or letters,
six randomized controlled trials and 52 non-human studies were
removed. Finally, we identified nine prospective cohort studies
for this meta-analysis.

Study Characteristics
The characteristics of the included studies are shown in Table 1.
These studies, which involved a total of 21,869 participants,
were published between 2006 and 2021. Five studies were
performed in Asian countries [Korea (19), Iran (20, 23, 25),

FIGURE 2 | Forest plot of meta-analysis: overall multi-variable adjusted RR of MetS for the highest vs. lowest category of red meat consumption.
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and China (24)] and two were from Spain (18, 22). The other
two studies were from Brazil (17) and Australia (21). Both male
and female participants were considered in all the studies. Red
meat and poultry consumption was assessed by a food frequency
questionnaire (FFQ) in all studies. With regard to the diagnostic
criteria of MetS, National Cholesterol Education Program-Adult
Treatment Panel (NCEP-ATP III) was utilized in four studies
(17, 18, 21, 23), and a joint interim statement (JIS) was used
in three studies (19, 22, 24), respectively. Moreover, two studies
employed Cook’s criteria in children and adolescents (20, 25).

Red Meat Consumption and the Risk of
MetS
Eight prospective cohort studies were included. The overall
multi-variable adjusted RR showed that red meat consumption

TABLE 2 | Subgroup analysis of relationship between red meat consumption and

risk of MetS.

Stratification Number

of

studies

Pooled

RR

95% CI P-value Heterogeneity

All 8 1.35 1.13, 1.62 P = 0.001 P = 0.03;

I2 = 54%

Follow-up

<5 3 1.36 0.85, 2.17 P = 0.20 P =0.03;

I2 = 70%

>5 5 1.36 1.09, 1.70 P = 0.006 P = 0.08;

I2 = 53%

Diagnostic

criteria of MetS

NCEP ATP III 4 1.51 0.91, 2.52 P = 0.11 P = 0.05;

I2 = 62%

Non-NCEP ATP III 4 1.34 1.12, 1.62 P = 0.002 P = 0.06;

I2 = 59%

Geographical

region

Asia 4 1.21 0.94, 1.56 P = 0.15 P = 0.03;

I2 = 67%

Non-Asia 4 1.51 1.29, 1.77 P < 0.001 P = 0.39;

I2 = 1%

Sample size

<1,000 3 1.65 1.30, 2.08 P < 0.001 P = 0.30;

I2 = 16%

>1,000 5 1.25 1.02, 1.52 P = 0.03 P = 0.05;

I2 = 58%

Adjustment of

BMI

Adjusted 5 1.40 1.23, 1.60 P < 0.001 P = 0.15;

I2 = 41%

Unadjusted 3 1.36 0.89, 2.08 P = 0.16 P = 0.02;

I2 = 74%

Adjustment of

physical activity

Adjusted 5 1.48 1.29, 1.71 P < 0.001 P = 0.53;

I2 = 0%

Unadjusted 3 1.14 0.81, 1.61 P = 0.46 P = 0.02;

I2 = 75%

was associated with higher risk of MetS (RR = 1.35, 95% CI:
1.13–1.62; P = 0.001) (Figure 2). We found a substantial level
of heterogeneity among the studies (P = 0.032, I2 = 54.4%).
No publication bias was observed according to the Begg’s rank-
correlation test (P = 0.386) and the Egger’s test (P = 0.574). The
results of subgroup analysis are presented in Table 2. The same
results were obtained in > 5 years follow-up (RR = 1.36, 95%
CI: 1.09–1.7; P = 0.006), non-NCEP ATP III (RR = 1.34, 95%
CI: 1.12–1.62; P = 0.002), Non-Asia (RR = 1.51, 95% CI: 1.29–
1.77; P < 0.001), adjustment of BMI (RR= 1.4, 95% CI: 1.23–1.6;
P < 0.001), and physical activity studies (RR = 1.48, 95% CI:
1.29–1.71; P < 0.001).

Unprocessed Red Meat Consumption and
the Risk of MetS
Three prospective cohort studies were included. The overall
multi-variable adjusted RR showed that unprocessed red meat
consumption was associated with a higher risk of MetS (RR =

1.32 95% CI: 1.14–1.54; P= 0.0003) (Figure 3). We did not find a
substantial level of heterogeneity among the studies (P= 0.397, I2

= 0%). No publication bias was observed according to the Begg’s
rank-correlation test (P = 0.296) and the Egger’s test (P = 0.07).

Processed Red Meat Consumption and the
Risk of MetS
Four prospective cohort studies were included. The overall
multi-variable adjusted RR showed that processed red meat
consumption was associated with a higher risk of MetS
(RR = 1.48, 95% CI: 1.11–1.97; P = 0.007) (Figure 4). We found
a substantial level of heterogeneity among the studies (P= 0.037,
I2 = 64.7%). No publication bias was observed according to
the Begg’s rank-correlation test (P = 0.734) and the Egger’s test
(P = 0.259).

Poultry Consumption and the Risk of MetS
Three prospective cohort studies were included. The overall
multi-variable adjusted RR showed that poultry consumption
was associated with lower risk of MetS (RR = 0.85, 95% CI:.75–
0.97; P = 0.02) (Figure 5). We did not find a substantial level
of heterogeneity among the studies (P = 0.707, I2 = 0%). No
publication bias was observed according to the Begg’s rank-
correlation test (P = 0.296) and the Egger’s test (P = 0.215).

DISCUSSION

In this meta-analysis, a total of nine prospective cohort
studies were identified (Table 3). The results showed that red
meat (processed and unprocessed) consumption was associated
a higher risk of MetS, whereas, poultry consumption was
associated with a lower risk of MetS.

The mechanism on how red meat consumption contributes
to the development of MetS may be explained as follows. First,
as a major compound in red meat, saturated fatty acids (SFAs)
are associated with higher body weight in animals (28), which
suggests that SFAs may contribute to the etiology of metabolic
disorders. Second, the heme iron in red meat is also related to
MetS (29). Iron can potentially induce oxidative stress and in
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FIGURE 3 | Forest plot of meta-analysis: overall multi-variable adjusted RR of MetS for the highest vs. lowest category of unprocessed red meat consumption.

FIGURE 4 | Forest plot of meta-analysis: overall multi-variable adjusted RR of MetS for the highest vs. lowest category of processed red meat consumption.

turn, lead to insulin resistance (30). Third, some additives in
the processed red meat may also contribute to MetS. Nitrites
and nitrates can be converted into nitrosamines, which may
increase diabetes risk in animal models (31). Moreover, blood
nitrites are found to play important roles in impaired insulin

response and endothelial dysfunction in adults (32). Lastly, the
sodium from processed red meat may contribute to the risk of
hypertension (33).

As mentioned in the introduction, the components in red
meat and poultry, and their procession are rather different. The
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FIGURE 5 | Forest plot of meta-analysis: overall multi-variable adjusted RR of MetS for the highest vs. lowest category of poultry consumption.

TABLE 3 | Summarized RR of MetS for highest vs. lowest category of exposure.

Study Pooled RR 95% CI

Red meat

Damiao 2006 3.18 0.87, 11.62

Babio 2012 2.70 1.10, 6.63

Baik 2013 1.01 0.79, 1.29

Shang 2016 1.47 1.01, 2.14

Tomas 2016 1.46 1.22, 1.75

Esfandiar 2019 0.87 0.56, 1.35

Huang 2020 1.41 1.05, 1.89

Yuzbashian 2021 1.55 1.13, 1.62

Unprocessed red meat

Babio 2012 2.20 1.00, 4.84

Tomas 2016 1.27 1.06, 1.52

Huang 2020 1.37 1.02, 1.84

Processed red meat

Babio 2012 2.50 1.00, 6.25

Asghari 2015 2.38 1.40, 4.05

Tomas 2016 1.37 1.15, 1.63

Huang 2020 1.13 0.90, 1.42

Poultry

Baik 2013 0.88 0.71, 1.09

Tomas 2016 0.83 0.70, 0.98

Damiao 2006 1.36 0.38, 4.87

biological effect of meat may, therefore, vary greatly. Indeed, the
relationship between meat consumption (red meat and poultry
were considered as a whole) and MetS has been investigated

by several cross-sectional studies with conflicting results (34–
38). This discrepancy might be attributed to the synthetic effect
of red meat and poultry. The results showed a direct opposite
effect of red meat vs. poultry consumption on the risk of
MetS. Furthermore, a conference abstract suggested that higher
fresh fatty red meat (but not lean red meat) consumption
was negatively associated with MetS (39). Therefore, a detailed
specification of the meat component is needed in further study.

It should be noted that the classification of exposure varied
greatly among the studies, which may influence the results
of this study. For example, the definition of estimates varies
according to the different definitions of exposure (inconsistent
metric). However, it is not sensible to investigate the inconsistent
estimates. It could be partly addressed by randomized controlled
trials (their general consistency of exposure is often stronger
than that in observational study). However, unfortunately, no
relevant randomized controlled trial has been performed yet. As a
consequence, further, well-designed randomized controlled trials
are still needed.

Of note, one cross-sectional study has tried to conduct a meta-
analysis after reporting their original data (16). However, it failed
to demonstrate the association between red meat consumption
and the risk of MetS (only three prospective cohort studies were
included). Moreover, the risk of MetS and unprocessed red meat

was not considered either. This study was, therefore, employed
to address the issues above. The results showed that both
processed and unprocessed redmeat consumption was associated
with a higher risk of MetS, whereas, poultry consumption was
associated with a lower risk of MetS. Interestingly, the positive
relationship between red meat consumption and the risk of
MetS was only obtained in >5 years follow-up, non-NCEP ATP
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III, Non-Asia, adjustment of BMI, and physical activity studies.
However, the pooled RR showed a relative similar strength
of association, and the influence of significant heterogeneity
could not be fully addressed. Thus, further studies are still
needed to elucidate the effect of follow-up, diagnostic criteria
of MetS, geographical region, BMI, and physical activity on the
relationship between meat consumption and the risk of MetS.

This study has several strengths: First, this is the first
meta-analysis of prospective cohort studies on the association
of red meat (both processed and unprocessed) and poultry
consumption with the risk of MetS, which could reflect a
causal relationship. Second, the included studies are analyzed
based on the adjusted results and large samples. On the
other hand, we should also acknowledge the limitations of
this study. First, the substantial level of heterogeneity may
distort the reliability of the results. Second, only a small
number of prospective cohort studies are identified because of
limited relevant evidence. Third, the classification of exposure
varies greatly among individuals. Fourth, the selection of
adjusted factors and definition of MetS were not uniform.
Fifth, one included study reported the combined data for
poultry and rabbit (22). Last but not the least, no study has
specified the fatty or lean red meat, so some issues cannot
be addressed. Taken together, this study may be restricted by
these limitations.

CONCLUSION

The current evidence indicates that red meat (processed and
unprocessed) consumption is associated with higher risk ofMetS,
whereas, poultry consumption is associated with lower risk of
MetS. More well-designed randomized controlled trials are still
needed to address the issues further.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS

YZ conceived the idea, performed the statistical analysis, and
drafted this meta-analysis. YZ and JD selected and retrieved
relevant papers. YZ and JL assessed each study. HG was
the guarantor of the overall content. All authors revised and
approved the final manuscript.

FUNDING

This study was supported by the Young Investigator Grant of
Xiangya Hospital, Central South University (2020Q14).

REFERENCES

1. Zhang Y, Zhang D. Relationship between serum zinc level and metabolic

syndrome: a meta-analysis of observational studies. J Am Coll Nutr. (2018)

37:708–15. doi: 10.1080/07315724.2018.1463876

2. O’Neill S, O’Driscol Ll. Metabolic syndrome: a closer look at the

growing epidemic and its associated pathologies. Obes Rev. (2015) 16:1–12.

doi: 10.1111/obr.12229

3. Coelho C, BragançaM, Oliveira B, BettiolH, Barbieri M, Cardoso V,

et al. Incidence of metabolic syndrome in adults with healthy weight,

normal weight obesity, and overweight/obesity. Nutrition. (2021) 85:111134.

doi: 10.1016/j.nut.2020.111134

4. Wakabayashi I. Frequency of heavy alcohol drinking and risk of metabolic

syndrome in middle-aged men. Alcohol Clin Exp Res. (2014) 38:1689–96.

doi: 10.1111/acer.12425

5. Kim B, Kang J, Han J, Kim J, Lee S, SeoD, et al. Association of self-reported and

cotinine-verified smoking status with incidence of metabolic syndrome in 47

379 Korean adults. J Diabetes. (2019) 11:402–9. doi: 10.1111/1753-0407.12868

6. Zhang Y, Zhang D. Associations of vegetable and fruit consumption with

metabolic syndrome. A meta-analysis of observational studies. Public Health

Nutr. (2018) 21:1693–703. doi: 10.1017/S1368980018000381

7. Zhang Y, Zhang D. Relationship between nut consumption and metabolic

syndrome: a meta-analysis of observational studies. J Am Coll Nutr. (2019)

38:499–505. doi: 10.1080/07315724.2018.1561341

8. Yang C, Pan L, Sun C, Xi Y, Wang L, Li D. Red meat consumption

and the risk of stroke: a dose-response meta-analysis of prospective

cohort studies. J Stroke Cerebrovasc Dis. (2016) 25:1177–86.

doi: 10.1016/j.jstrokecerebrovasdis.2016.01.040

9. RichiE, BaumerB, Conrad B, DarioliR, Schmid A, Keller U. Health risks

associated with meat consumption: a review of epidemiological studies. Int

J VitamNutr Res. (2015) 85:70–8. doi: 10.1024/0300-9831/a000224

10. DeSalvo K, Olson R, Casavale K. Dietary guidelines for Americans. JAMA.

(2016) 315:457–8. doi: 10.1001/jama.2015.18396

11. Xu X, Yu E, Gao X, Song N, Liu L, Wei X, et al. Red and

processed meat intake and risk of colorectal adenomas: a meta-analysis

of observational studies. Int J Cancer. (2013) 132:437–48. doi: 10.1002/ijc.

27625

12. Bovalino S, Charleson G, Szoeke C. The impact of red and processed meat

consumption on cardiovascular disease risk in women. Nutrition. (2016)

32:349–54. doi: 10.1016/j.nut.2015.09.015

13. Mari-SanchisA, Gea A, Basterra-Gortari F, Martinez-Gonzalez M, BeunzaJ,

Bes-Rastrollo M. Meat consumption and risk of developing type 2 diabetes

in the SUN project: a highly educated middle-class population. PLoS ONE.

(2016) 11:e0157990. doi: 10.1371/journal.pone.0157990

14. Choi Y, Song S, Song Y, Lee J. Consumption of red and processed meat

and esophageal cancer risk: meta-analysis. World J Gastroenterol. (2013)

19:1020–9. doi: 10.3748/wjg.v19.i7.1020

15. Zhang Y, Zhang D. Red meat, poultry, and egg consumption with the risk of

hypertension: a meta-analysis of prospective cohort studies. J HumHypertens.

(2018) 32:507–17. doi: 10.1038/s41371-018-0068-8

16. Kim Y, Je Y. Meat consumption and risk of metabolic syndrome:results from

the korean population and ameta-analysis of observational studies. Nutrients.

(2018) 10:390. doi: 10.3390/nu10040390

17. DamiãoR, Castro T, Cardoso M, Gimeno S, Ferreira S, Japanese-

Brazilian Diabetes Study Group. Dietary intakes associated with metabolic

syndrome in a cohortof Japanese ancestry. Br J Nutr. (2006) 96:532–8.

doi: 10.1079/BJN20061876

18. BabioN, Sorlí M, Bulló M, Basora J, Ibarrola-Jurado N, Fernández-Ballart J,

et al. Association between red meat consumption andmetabolic syndrome

in a Mediterranean populationat high cardiovascular risk: cross-sectional

and1-year follow-up assessment. NutrMetab Cardiovasc Dis. (2012) 22:200–7.

doi: 10.1016/j.numecd.2010.06.011

19. BaikI, Lee M, Jun N, Lee J, Shin C. A healthy dietary pattern

consisting of a variety of food choices is inversely associated with the

development of metabolic syndrome. Nutr Res Pract. (2013) 7:233–41.

doi: 10.4162/nrp.2013.7.3.233

20. AsghariG, YuzbashianE, MirmiranP, Mahmoodi B, Azizi F. Fast food

intake increases the incidence of metabolic syndrome in children and

adolescents: tehran lipid and glucose study. PLoS ONE. (2015) 10:e0139641.

doi: 10.1371/journal.pone.0139641

Frontiers in Nutrition | www.frontiersin.org 9 July 2021 | Volume 8 | Article 691848

https://doi.org/10.1080/07315724.2018.1463876
https://doi.org/10.1111/obr.12229
https://doi.org/10.1016/j.nut.2020.111134
https://doi.org/10.1111/acer.12425
https://doi.org/10.1111/1753-0407.12868
https://doi.org/10.1017/S1368980018000381
https://doi.org/10.1080/07315724.2018.1561341
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.01.040
https://doi.org/10.1024/0300-9831/a000224
https://doi.org/10.1001/jama.2015.18396
https://doi.org/10.1002/ijc.27625
https://doi.org/10.1016/j.nut.2015.09.015
https://doi.org/10.1371/journal.pone.0157990
https://doi.org/10.3748/wjg.v19.i7.1020
https://doi.org/10.1038/s41371-018-0068-8
https://doi.org/10.3390/nu10040390
https://doi.org/10.1079/BJN20061876
https://doi.org/10.1016/j.numecd.2010.06.011
https://doi.org/10.4162/nrp.2013.7.3.233
https://doi.org/10.1371/journal.pone.0139641
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Guo et al. Meat and Risk of MetS

21. Shang X, Scott D, Hodge A, English D, Giles G, Ebeling P, et al. Dietary protein

from different food sources, incident metabolicsyndrome and changes in its

components: An 11-year longitudinalstudy in healthy community-dwelling

adults. Clin Nutr. (2017) 36:1540–8. doi: 10.1016/j.clnu.2016.09.024

22. Becerra-Tomás N, BabioN,Martínez-GonzálezM, Corella D, EstruchR, Ros E,

et al. Replacing red meat and processed red meat for white meat, fish,legumes

or eggs is associated with lower risk of incidence of metabolicsyndrome. Clin

Nutr. (2016) 35:1442–9. doi: 10.1016/j.clnu.2016.03.017

23. EsfandiarZ, Hosseini-EsfahaniF, Mirmiran P, Habibi-MoeiniA, Azizi F. Red

meat and dietary iron intakes are associated with some components of

metabolic syndrome: tehran lipid and glucose study. J Transl Med. (2019)

17:313. doi: 10.1186/s12967-019-2059-0

24. Huang L, Wang H, Wang Z, Zhang J, Jia X, Zhang B, et al. Association of

red meat usual intake with serum ferritin and the risk of metabolic syndrome

in Chinese adults: a longitudinal study from the china health and nutrition

survey. Biomed Environ Sci. (2020) 33:19–29. doi: 10.3967/bes2020.003

25. YuzbashianE, Nosrati-OskouieM, AsghariG, Chan C, MirmiranP, Azizi F.

Associations of dairy intake with risk of incident metabolic syndrome in

children and adolescents: Tehran Lipid and Glucose Study. Acta Diabetol.

(2021) 58:447–57. doi: 10.1007/s00592-020-01651-0

26. LiberatiA, Altman D, Tetzlaff J, Mulrow C, Gøtzsche P, Ioannidis J, et al.

The PRISMA statement for reporting systematic reviews and meta-analyses

of studies that evaluate healthcare interventions: explanation and elaboration.

BMJ. (2009) 339:b2700. doi: 10.1136/bmj.b2700

27. Begg C, Mazumdar M. Operating characteristics of a rank correlation test for

publication bias. Biometrics. (1994) 50:1088–101. doi: 10.2307/2533446

28. StorlienL, Hulbert A, Else P. Polyunsaturated fatty acids, membrane function

andmetabolic diseases such as diabetes and obesity.CurrOpin Clin NutrMetab

Care. (1998) 1:559–63. doi: 10.1097/00075197-199811000-00014

29. OttoM, Alonso A, Lee D, Delclos G, Bertoni A,Jiang R, et al. Dietary intakes of

zinc and heme iron from red meat, but not from other sources, are associated

with greater risk of metabolic syndrome and cardiovascular disease. J Nutr.

(2012) 142:526–33. doi: 10.3945/jn.111.149781

30. Swaminathan S, Fonseca V, Alam M, Shah S. The role of iron in diabetes and

its complications. Diabetes Care. (2007) 30:1926–33. doi: 10.2337/dc06-2625

31. Tong M, Neusner A, Longato L, Lawton M, Wands J, Monte S. Nitrosamine

exposure causes insulin resistance diseases: relevance to type 2 diabetes

mellitus, non-alcoholic steatohepatitis, and Alzheimer’s disease. J Alzheimers

Dis. (2009) 17:827–44. doi: 10.3233/JAD-2009-1155

32. Pereira E, Ferderbar S, Bertolami M, Faludi A, Monte O, Xavier H, et al.

Bertolami biomarkers of oxidative stress and endothelial dysfunction in

glucose intolerance and diabetes mellitus. Clin Biochem. (2008) 41:1454–60.

doi: 10.1016/j.clinbiochem.2008.08.074

33. Sacks F, Campos H. Dietary therapy in hypertension. N Engl J Med. (2010)

362:2102–12. doi: 10.1056/NEJMct0911013

34. Song F, Tang N, Li S, Yu H, Chen X, Song G. A matched nested case-

control study on the risk factors of metabolic syndrome among male

criminal policemen. Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi.

(2013) 31:834–8.

35. Trivedi T, Liu J, Probst J, Martin A. The metabolic syndrome: are

rural residents at increased risk? J Rural Health. (2013) 29:188–97.

doi: 10.1111/j.1748-0361.2012.00422.x

36. Mahanta T, Joshi R, Mahanta B, Gogoi P. Determinants of metabolic

syndrome (MetS) amongst persons living in Dibrugarh District of Assam.

Clin Epidemiol Glob Health. (2017) 5:52–61. doi: 10.1016/j.cegh.2016.

12.004

37. Mennen L, Lafay L, Feskens E, Novak M, Lépinay P, Balkau B. Possible

protective effect of bread and dairy products on the risk of the metabolic

syndrome. Nutr Res. (2000) 20:335–47. doi: 10.1016/S0271-5317(00)00127-5

38. AekplakornW, SatheannoppakaoW, PutwatanaP, TaneepanichskulS,

KessomboonP, Chongsuvivatwong V, et al. Dietary pattern and

metabolic syndrome in thai adults. J NutrMetab. (2015) 2015:468759

doi: 10.1155/2015/468759

39. Wang Z, Zhai F,WangH, Zhang J, DuW, Su C, et al. Differential association of

fresh fatty and lean red meat intake with metabolic syndrome among Chinese

adults. Obes Rev. (2014) 15:184.

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Guo, Ding, Liang and Zhang. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Nutrition | www.frontiersin.org 10 July 2021 | Volume 8 | Article 691848

https://doi.org/10.1016/j.clnu.2016.09.024
https://doi.org/10.1016/j.clnu.2016.03.017
https://doi.org/10.1186/s12967-019-2059-0
https://doi.org/10.3967/bes2020.003
https://doi.org/10.1007/s00592-020-01651-0
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.2307/2533446
https://doi.org/10.1097/00075197-199811000-00014
https://doi.org/10.3945/jn.111.149781
https://doi.org/10.2337/dc06-2625
https://doi.org/10.3233/JAD-2009-1155
https://doi.org/10.1016/j.clinbiochem.2008.08.074
https://doi.org/10.1056/NEJMct0911013
https://doi.org/10.1111/j.1748-0361.2012.00422.x
https://doi.org/10.1016/j.cegh.2016.12.004
https://doi.org/10.1016/S0271-5317(00)00127-5
https://doi.org/10.1155/2015/468759
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Association of Red Meat and Poultry Consumption With the Risk of Metabolic Syndrome: A Meta-Analysis of Prospective Cohort Studies
	Introduction
	Methods
	Search Strategy
	Study Selection
	Data Extraction
	Statistical Analysis

	Results
	Study Identification and Selection
	Study Characteristics
	Red Meat Consumption and the Risk of MetS
	Unprocessed Red Meat Consumption and the Risk of MetS
	Processed Red Meat Consumption and the Risk of MetS
	Poultry Consumption and the Risk of MetS

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	References


