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Association between metabolic syndrome
and myocardial infarction among patients
with excess body weight: a systematic review
and meta-analysis
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Abstract

Background Cardiovascular diseases (CVDs) are a major cause of morbidity and mortality worldwide. Controversial
views exist over the effects of metabolically unhealthy obesity phenotypes on CVDs. This study aimed to perform

a meta-analysis to assess the association between metabolic syndrome and myocardial infarction (MI) among
individuals with excess body weight (EBW).

Methods We searched PubMed/Medline, Scopus, and Web of Science databases as of December 9, 2023. Cohort
studies involving patients with overweight or obesity that reported the relevant effect measures for the association
between metabolic syndrome and Ml were included. We excluded studies with incomplete or unavailable original
data, reanalysis of previously published data, and those that did not report the adjusted effect sizes. We used the
Newcastle Ottawa Scale for quality assessment. Random-effect model meta-analysis was performed. Publication bias
was assessed by Begg's test.

Results Overall, nine studies comprising a total of 61,104 participants were included. There was a significant positive
association between metabolic syndrome and Ml among those with obesity (hazard ratio (HR): 1.68; 95% confidence
interval (Cl): 1.27, 2.22). Subgroup analysis showed higher HRs for obesity (1.72; 1.03, 2.88) than overweight (1.58; 1.-13-
2.21). Meta-regression revealed no significant association between nationality and risk of Ml (p=0.75). All studies had
high qualities. There was no significant publication bias (p=0.42).

Conclusions Metabolic syndrome increased the risk of Ml in those with EBW. Further studies are recommended to
investigate other risk factors of CVDs in EBW, in order to implement preventive programs to reduce the burden of CVD
in obesity.
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Fig. 1 Study selection process

Introduction

Cardiovascular diseases (CVDs) are a major cause of
morbidity and mortality in developed and developing
countries and are accounting for 46.2% of total deaths
worldwide [1]. As a risk factor for CVDs, metabolic syn-
drome is a disorder defined by the co-occurrence of at
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least three of five medical conditions, which are hyper-
glycemia, elevated triglyceride (TG), hypertension, low
high-density lipoprotein (HDL), and obesity [2]. Along
with lifestyle changes, metabolic syndrome is becoming a
more serious health issue as the number of obese patients
constantly increases among children and adults [3, 4].
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Table 1 Characteristic of the included studies

Page 3 of 9

First author Year Country/continent Follow up duration (year) Sample size Definition of metabolic syndrome
Wataru Hirokawa 2010 Japan 11.0 242 JSIM

Leon Simons 2011 Australia 1.0 194 AHA/NHLBI

Alexandra Ogorodnikova 2012 United States 116 1167 ATP-IlI

Mette Thomsen 2013 Denmark 80 7080 ATP-IlI

Seung Hun Lee 2018 Korea 10.0 2460 ATP-III

Yijie Xu 2018 China 1.0 1167 HIDF

Laura Sanchez-lhigo 2016 Europe 10.0 426 WHO

Jiacheng Ding 2023 China 1.9 46,055 JIS

Jacob Opio 2022 Australia 9.7 2313 IDF

Abbreviations: JSIM: Japanese Society of Internal Medicine; AHA/NHLBI: American Heart Association/National Heart, Lung and Blood Institute; ATP-IIl: Adult
Treatment Panel lll; HIDF: Harmonized International Diabetes Federation; WHO: World Health Organization’ JIS: Joint Interim Statement; IDF: International Diabetes

Federation

Metabolic syndrome is associated with several debilitat-
ing outcomes, such as myocardial infarction (MI), dia-
betes, and stroke [5]. Additionally, metabolically healthy
obese individuals are at a higher risk of MI than meta-
bolically healthy individuals with normal weight [6].

Several prior studies have been conducted to identify
the association between metabolic syndrome and MI,
all of which have shown that metabolic syndrome is an
important risk factor for MI [1, 7, 8]. It is believed that
lifestyles and nutritional factors, especially excess body
weight (EBW) and insufficient physical activity play
important roles in hypertension, hyperglycemia, dyslipid-
emia, and ultimately, MI development [1, 9].

However, there are controversial findings in the stud-
ies regarding the association between metabolic syn-
drome and CVDs. Moreover, studies were conducted on
different populations and in different settings [1, 10, 11].
Although several studies suggested a positive association
between metabolic syndrome and MI in individuals with
obesity [12, 13], others reported contradictory results
[14, 15]. So, opinions regarding the impact of metabolic
syndrome on MI in people with EBW or metabolically
unhealthy obese patients are debatable. It is important to

Table 2 Baseline characteristics of the participants in Lee,
Thomsen, and Ogorodnikova studies

Variables Seung Hun  Mette Thomsen Alexandra
Lee Ogorodnikova

Mean age (year) 56.2 580 555

Sex (Male %) 100% 55% 32.2%

BMI 274 33.00 337

SBP 131.8£288  150(137-162) 1225+182

DBP 815179 89 (82-96) 744+10.6

HDL 396+159 46(39-54) 56.8+135

LDL 119.3+388 131(108-158) 134.7+364

TG 189.9+1449  212(177-283) 96.00+44

FBS 1792734  97.0(88.0-108.0) 953+84

Diabetes 26.9% 11.0% 3.3%

Abbreviations: BMI: Body mass index; SBP: Systolic blood pressure; DBP:
Diastolic blood pressure; HDL: High density lipoprotein; LDL: Low density
lipoprotein; TG: Triglyceride; FBS: Fasting blood sugar

note that while meta-analyses are carried out to examine
the association between metabolic syndrome and CVDs
[16, 17], none have examined the association between
metabolically unhealthy obesity and MI, nor have they
been published in recent years. Therefore, there is a need
to conduct a pooled analysis to make a conclusive state-
ment about the association between metabolic syndrome
and CVDs in those with EBW. This systematic review and
meta-analysis aimed to investigate both whether there is
an association between metabolic syndrome and MI in
individuals with EBW and to investigate the strength of
the association using meta-analysis while reporting the
pooled effect size of the association.

Methods

The study was conducted according to the guidelines of
the Preferred Reporting Items for Systematic reviews and
Meta-Analyses 2020 [18].

Study design and eligibility criteria
We included data from studies evaluated the association
between metabolic syndrome and MI among partici-
pants with overweight or obesity, collectively mentioned
as EBW. The PICO framework was as follow: Population:
Individuals with EBW; Intervention/exposure: Diagnosis
of metabolic syndrome using valid criteria; Comparison:
Individuals with normal body mass index (BMI); and
Outcomes: ML

Cohort studies that evaluated the association between
metabolic syndrome and MI in individuals with EBW
without applying any limitation on age, sex, language,
and ethnicity were included. Studies with incomplete or
unavailable original data, reanalysis of previously pub-
lished data, and those that did not report the adjusted
effect size of the association between metabolic syn-
drome and outcomes of interest were excluded. More-
over, clinical trials, case reports, editorials, reviews, news,
book chapters, and retracted articles were excluded. In
the cases where outcomes were published at different
time points, the last evaluation was considered.
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Database searching and study selection

We searched electronic databases, including PubMed/
Medline, Scopus, and Web of Science. Initially, keywords
were selected using medical subject headings and screen-
ing of related articles and journals. Then, searches were
performed separately in the databases from January 1,
2010 to June 30, 2021. We also updated the search on
December 9, 2023. The detailed search quaery for each
database is presented in Table S1.

The search records were imported into the Mendeley
software and deduplicated using that software. Then, two
independent reviewers screened the titles and abstract.
In the next step, the full-texts of the articles were
retrieved and evaluated by the same reviewers. Discrep-
ancies were resolved by consultation with the principal
investigator. If the data could not be extracted from the
study, we emailed the corresponding authors three times
with a one week interval and asked to provide the data.
If we did not receive a response or they did not provide
such results, we excluded those studies.

Data extraction and risk of bias assessment

Data were extracted and summarized in a predefined
data extraction form in Microsoft Excel software. In case
of disagreement between the two reviewers, the third
reviewer was consulted. The extracted data included
study characteristics (i.e., first author’s name, publica-
tion year, follow-up, country, and study type), popula-
tion characteristics (i.e., sample size, sex, age, systolic and
diastolic blood pressures, fasting blood sugar (FBS), TG,
HDL, low-density lipoprotein (LDL), waist circumfer-
ences, BMI, and history of smoking) and outcomes. If a
study reported the results as a graph, data were extracted
by “data extraction from graph method” explained by Sis-
trom and Mergo [19].

The risk of bias assessment was performed using the
nine-star Newcastle Ottawa scale (NOS), including selec-
tion (representativeness of the population), comparabil-
ity of groups (adjustment for confounders such as age
and sex), and ascertainment of outcomes [20]. The NOS
assigns four stars for selection, two for comparability, and
three for outcome. The NOS scores of more than seven
were acknowledged as high quality [20].

Statistical analysis

The STATA version 14.0 (Stata Corporation, College Sta-
tion, TX) was used for statistical analysis. We used the
“metan” command to perform a pooled analysis (a ran-
dom or fixed effect analysis based on the heterogeneity
among studies). Findings were presented as an overall
hazard ratio (HR) with a 95% confidence interval (95%
CI). Heterogeneity among studies was assessed using the
Q-statistic and I-square test, and p-values less than 0.05
or I-square>50% were considered as high heterogeneity.
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In case of high heterogeneity, subgroup analysis and
meta-regression were used to investigate the poten-
tial source of heterogeneity. Funnel plot was only used
to evaluate publication bias if at least ten studies were
included [21]. Also, Begg's test was used to identify pub-
lication bias [22].

Results

The search found 2898 results. Following removing 963
duplicates, 1935 articles were included for the title/
abstract screening. Then, 113 studies were included for
the full-text reviewing. Finally, the data from nine stud-
ies were included in the meta-analysis [6, 23—30]. Eighty
studies were excluded because they were not conducted
on individuals with EBW and 24 studies were excluded
because the adjusted effect sizes were not reported

(Fig. 1).

Study characteristics

These studies included 61104 participants from eight
different countries and regions. The follow-up duration
ranged from one to 11.6 years. The studies were pub-
lished between 2010 and 2023. Three studies used adult
treatment panel III (ATP-III) [25-27], while others used
other definitions like Japanese society of internal medi-
cine [6], American heart association/National heart,
lung, and blood institute [24], harmonized international
diabetes federation (IDF) [23], World Health Organi-
zation [28], joint interim statement [29], and IDF [30]
(Table 1).

The study by Ogorodnikova et al. [25] was conducted
on obese participants (BMI: 33.7 kg/m2) compared to
the study by Lee et al. which was conducted on people
with overweight [27]. The average of TG was lower in the
study by Ogorodnikova et al. than Lee et al. (96.0 mg/dl
vs. 189.9 mg/dl). Systolic blood pressures (SBPs) were
122.5, 131.8, and 150.0 mmHg in the studies by Ogoro-
dnikova et al., Lee et al., and Thomsen et al., respectively
[25-27]. FBS was 95.3 mg/dl in the Ogorodnikova’s study
[25] compared to 179.2 mg/dl in Lee’s study [27] and
97.0 mg/dl in Thomsen’s study [26]. In addition, HDL
values were 56.8, 39.6, and 46.0 mg/dl in Ogorodnikova
et al., Lee et al.,, and Thomsen et al., respectively [25-27]
(Table 2).

Quality assessment and publication bias

All studies had a high quality. The quality assessment
scores were seven in three studies, eight in five studies,
and nine in one study [27]. All studies had a high quality
regarding selection of non-exposed cohorts, ascertain-
ment of exposure, controlling for confounders, and dura-
tion of follow-up. The risk of bias assessment showed
that seven studies did not report data regarding report
the adequacy of a follow-up cohort (Table 3).
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Table 3 Quality assessment results based on Newcastle-Ottawa scale for cohorts
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The Begg's test showed no significant publication bias
(p=0.42).

Overall meta-analysis results

We found a significant positive association between
metabolic syndrome and MI among obese patients
(HR=1.68; 95% CI: 1.27, 2.22). Among nine studies
included in the analysis, only one study showed a signifi-
cant negative association between metabolic syndrome
and MI (HR=0.59; 95% CI: 0.47, 0.73) (Fig. 2).

Subgroup analysis and meta-regression

We performed subgroup analysis by quality assessment
scores and BMI values. The pooled HRs for overweight
(25<BMI<29.9 kg/m2) and obesity (BMI=30 kg/m?2)
were 1.58 (95% CI: 1.13, 2.21) and 1.72 (95% CI: 1.03,
2.88), respectively (Fig. 3A). Subgroup analysis by quality
assessment scores showed higher pooled HRs for score
eight (1.72; 95% CI: 1.03, 2.88) than score seven (1.66;
95% CI: 1.31, 2.09) (Fig. 3B). The meta-regression showed
no significant association between nationality and risk of
MI (p=0.75).

Discussion
To the best of our knowledge, no previous meta-analyses
have assessed the association between metabolic syn-
drome and MI among individuals with EBW. Our results
suggested that metabolic syndrome increased the risk of
MI by 1.68 times among patients with EBW. The effect
size was higher for obesity compared with overweight.

Among the nine studies included, only one study
reported a negative association between metabolic syn-
drome and MI in patients with EBW [25]. In this regard,
the article by Lavie and colleagues proposed a debate
that some studies showed a better prognosis for CVDs in
people with EBW than those with normal weights [31].
Nevertheless, the overall findings of our meta-analysis
showed a significant higher risk of MI in people with
EBW and metabolic syndrome. Also, previous studies
showed adverse effects of metabolic syndrome. Accord-
ingly, metabolic syndrome increased the risk of major
adverse cardiovascular events by 1.55 times (95% CI:
1.28, 1.87) in patients with hypertension [32]. Another
meta-analysis on eight studies showed that patients with
end-stage renal disease and metabolic syndrome had an
increased risk of mortality (risk ratio (RR): 1.92; 95% CI:
1.15, 3.21) and CVDs (RR: 6.42; 95% CI: 2.00, 20.58) com-
pared to those without metabolic syndrome [33]. There-
fore, it appears that metabolic syndrome has remarkable
negative effects on risk of MIL. Nevertheless, other large
scale studies on people with EBW are recommended.

We found a high heterogeneity between studies
(I-square: 92.7%). To account for the source of hetero-
geneity, we performed meta-regression and subgroup
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Fig. 2 Forest plots of the association between metabolic syndrome and myocardial infarction among individuals with excess body weight. ES: effect size;

Cl: confidence interval

analysis. Meta-regressions showed no significant asso-
ciation with nationality. Also, subgroup analysis by
quality assessment and BMI determined no source for
heterogeneity. So, this heterogeneity might be related
to the received treatments and relevant drugs that were
not specifically reported in the primary studies. In this
regard, the paper by Ogorodnikova et al. mentioned that
the components of metabolic syndrome were controlled
through medications [25].

It is worth noticing that people who are involved in the
cohort studies might be different from healthy people in
the general population because those who participated
in the cohort study are under both drug and non-drug
treatment, especially in obese patients. In addition, peo-
ple with obesity are more taken under control, and their
disease is under treatment. Due to this fact, metabolic
syndrome is a protective factor for CVDs in this study.
Interestingly, among different factors, the country is con-
sidered an important special contributor to that protec-
tive association. It is noticeable that the pattern of obesity
is different among different countries [34]. For example,
the average BMI in the United States is higher than other
countries [35]. In that regard, patients with metabolic

syndrome who reside in China, Japan, and Korea may
not need any treatment although they have symptoms
of metabolic syndrome. As a result, the severity of meta-
bolic syndrome varies from one country to another [36].
Considering all these explanations, they did not require
any drug treatments due to the early diagnosis of partici-
pants’ metabolic syndrome at the primary stages. On the
other hand, the severity of metabolic syndrome in the
United States was high, and all patients underwent drug
treatments. Accordingly, this might explain the reasons
for the protective results found in the study by Ogorod-
nikova et al., which was conducted in the United States
[25].

Strengths and limitations

The strength of the study lies in that it is one of the pio-
neer studies that was focused on people with EBW and
evaluated the association between metabolic syndrome
and MI among them. We used a robust meta-analytical
approach to report the pooled effect size for this asso-
ciation. Also, our included cohort studies were of high
quality.
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Fig. 3 Forest plots of the association between metabolic syndrome and myocardial infarction among individuals with excess body weight by body mass
index values (A) and quality assessment scores (B). ES: effect size; Cl: confidence interval

Additionally, the issue of confounders was controlled
by including only cohort studies and using adjusted HRs
in the analysis. So, the findings can be valuable for health
policymaking and clinicians for prevention and reduction
the mortality and morbidity of CVDs, particularly M, in
individuals with EBW.

Nevertheless, this systematic review and meta-analysis
has some limitations that need to be taken into consid-
eration when interpreting the results. First, the number
of studies included in this meta—analysis was low. There-
fore, we could not assess the publication bias using a fun-
nel plot. Moreover, there was a high heterogeneity. To
find the potential sources of heterogeneity, we performed
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subgroup analysis and meta-regression. However, due to
the small sample number of included studies, the hetero-
geneities remained high. Second, a large proportion of
studies did not provide sufficient information about the
effect sizes among participants, leading to their exclusion.
Third, although the included studies performed adjusted
analysis based on several factors, there is still a possibility
of biases due to inadequate adjustment for confounders.
Fourth, in most primary studies, medical records were
used for data gathering, raising the possibility of mis-
classification. Although we searched three major online
databases, we did not perform grey literature search, thus
potentially missing unpublished data.

Conclusions

Overall, metabolic syndrome significantly increased the
risk of MI by 68% among individuals with EBW. There-
fore, the findings of the study can be used by health poli-
cymakers to develop preventive programs for patients
with EBW. Also, physicians should control the relevant
risk factors, especially metabolic syndrome, in order to
prevent from MI in individuals with EBW. Further large-
scale observational studies and meta-analyses are needed
to determine other risk factors of CVDs in patients with
EBW, especially in other countries and populations like
African countries and the African American race.

Abbreviations

CVD Cardiovascular disease
HDL High-density lipoprotein
Ml Myocardial infarction
EBW Excess body weight

BMI Body mass index

FBS Fasting blood sugar

TG Triglyceride

LDL Low-density lipoprotein
NOS Newcastle Ottawa scale
HR Hazard ratio

@] Confidence interval
ATP-IIl - Adult treatment panel Il
IDF International diabetes federation
RR Risk ratio

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512889-024-17707-7.

[ Supplementary Material 1 ]

Acknowledgements
This study is related to the project of a student from Shahid Beheshti
University of Medical Sciences, Tehran, Iran.

Author contributions

S. Khodakarim and S. Sabour contributed in conception and design of the
work; data analysis was performed by Z. Sedaghat. The first draft of the
manuscript was written by Z. Sedaghat and S.A. Nejadghaderi. It was critically
revised by S.A. Nejadghaderi. All authors commented on previous versions

of the manuscript. All authors read and approved the final manuscript

and agreed to be accountable for all aspects of the work in ensuring that

Page 8 of 9

questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Funding
The present study was financially supported by Shahid Beheshti University of
Medical Sciences, Tehran, Iran.

Data availability

The datasets generated and/or analyzed during the current study are not
publicly available due to decision of the research team but are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol was evaluated and approved by the ethics committee
of Shahid Beheshti University of Medical Sciences, Tehran, Iran (ethics code:
IR.SBMU.PHNS.REC.1400.149).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 17 October 2023 / Accepted: 9 January 2024
Published online: 12 February 2024

References

1. LiX ZhaiY, Zhao J, He H, LiY, Liu Y et al. Impact of Metabolic Syndrome and
It's Components on Prognosis in Patients With Cardiovascular Diseases: A
Meta-Analysis. 2021. p. 704145-.

2. Sarrafzadegan N, Gharipour M, Sadeghi M, Nezafati P, Talaie M, Oveisgharan
S, et al. Metabolic syndrome and the risk of ischemic stroke. J Stroke Cerebro-
vasc Dis. 2017;26(2):286-94.

3. PopaS, Mota M, Popa A, Mota E, Serafinceanu C, Guja C, et al. Prevalence
of overweight/obesity, abdominal obesity and metabolic syndrome and
atypical cardiometabolic phenotypes in the adult Romanian population:
PREDATORR study. J Endocrinol Investig. 2016;39(9):1045-53.

4. He F, Rodriguez-Colon S, Fernandez-Mendoza J, Vgontzas AN, Bixler EO, Berg
A, et al. Abdominal obesity and metabolic syndrome burden in adolescents-
penn state children cohort study. J Clin Densitometry. 2015;18(1):30-6.

5. Lovic MB, Djordjevic DB, Tasic IS, Nedeljkovic IP. Impact of metabolic
syndrome on clinical severity and long-term prognosis in patients with
myocardial infarction with ST-segment elevation. Hellenic J Cardiol.
2018;59(4):226-31.

6. Hirokawa W, Nakamura K, Sakurai M, Morikawa Y, Miura K, Ishizaki M, et al.
Mild metabolic abnormalities, abdominal obesity and the risk of cardio-
vascular diseases in middle-aged Japanese men. J Atheroscler Thromb.
2010;17(9):934-43.

Han TS, Lean ME. A clinical perspective of obesity, metabolic syndrome and
cardiovascular disease. JRSM Cardiovasc Disease. 2016;5:2048004016633371.

8. Cheong KC, Lim KH, Ghazali SM, Teh CH, Cheah YK, Baharudin A et al. Associa-
tion of metabolic syndrome with risk of cardiovascular disease mortality
cause mortality among Malaysian adults: a retrospective cohort study.
2021:1-9.

9. Nejadghaderi SA, Grieger JA, Karamzad N, Kolahi A-A, Sullman MJM, Safiri S,
et al. Burden of diseases attributable to excess body weight in the Middle
East and North Africa region, 1990-2019. Sci Rep. 2023;13(1):20338.

10. Caleyachetty R, Thomas GN, Toulis KA, Mohammed N, Gokhale KM,
Balachandran K, et al. Metabolically healthy obese and Incident Cardiovas-
cular Disease events among 3.5 million men and women. J Am Coll Cardiol.
2017;70(12):1429-37.

11. Yeh T+, Chen H-h, Tsai S-y, Lin C-y, Liu S-j. Chien K-I. The relationship between
Metabolically Healthy Obesity and the risk of Cardiovascular Disease: a
systematic review and Meta-analysis. 2019(Cvd):1-15.

12. Hinnouho GM, Czernichow S, Dugravot A, Nabi H, Brunner EJ, Kivimaki M, et
al. Metabolically healthy obesity and the risk of cardiovascular disease and
type 2 diabetes: the Whitehall Il cohort study. Eur Heart J. 2015;36(9):551-9.


https://doi.org/10.1186/s12889-024-17707-7
https://doi.org/10.1186/s12889-024-17707-7

Sedaghat et al. BVIC Public Health

22.

23.

24,

25,

26.

(2024) 24:444

Hosseinpanah F, Tasdighi E, Barzin M, Mahdavi M, Ghanbarian A, Valizadeh M
et al. The association between transition from metabolically healthy obesity
to metabolic syndrome, and incidence of cardiovascular disease: Tehran lipid
and glucose study. PLoS ONE. 2020;15(9 September).

Lavie CJ, Milani RV, Ventura HO. Disparate effects of metabolically healthy
obesity in coronary heart disease and heart failure. Elsevier USA; 2014. pp.
1079-81.

Oh CM, Park JH, Chung HS, Yu JM, Chung W, Kang JG, et al. Effect of body
shape on the development of cardiovascular disease in individuals with
metabolically healthy obesity. Medicine. 2020,99(38).e22036-¢.

Salari N, Doulatyari PK, Daneshkhah A, Vaisi-Raygani A, Jalali R, Jamshidi Pk, et
al. The prevalence of metabolic syndrome in cardiovascular patients in Iran: a
systematic review and meta-analysis. Diabetol Metab Syndr. 2020;12(1):96.
Mottillo S, Filion KB, Genest J, Joseph L, Pilote L, Poirier P, et al. The metabolic
syndrome and cardiovascular risk a systematic review and meta-analysis. J
Am Coll Cardiol. 2010;56(14):1113-32.

Matthew JP, Joanne EM, Patrick MB, Isabelle B, Tammy CH, Cynthia DM, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ. 2021,372:n71.

Sistrom CL, Mergo PJ. A simple method for obtaining Original data from
published graphs and plots. Am J Roentgenol. 2000;174(5):1241-4.

Wells G, Shea B, O'Connell D, Peterson j, Welch V, Losos M et al. The New-
castle-Ottawa Scale (NOS) for Assessing the Quality of Non-Randomized
Studies in Meta-Analysis. . 2000,&#4447.

Jonathan ACS, Alex JS, John PAI, Norma T, David RJ, Joseph L, et al. Recom-
mendations for examining and interpreting funnel plot asymmetry in meta-
analyses of randomised controlled trials. BMJ. 2011,343:d4002.

Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics. 1994;50(4):1088-101.

XuY, LiH,Wang A, Su Z,Yang G, Luo'Y, et al. Association between the
metabolically healthy obese phenotype and the risk of myocardial infarction:
results from the Kailuan study. Eur J Endocrinol. 2018;179(6):343-52.

Simons LA, Simons J, Friedlander Y, McCallum J. Is prediction of cardiovascular
disease and all-cause mortality genuinely driven by the metabolic syndrome,
and independently from its component variables? The Dubbo study. Heart
Lung Circ. 2011,20(4):214-9.

Ogorodnikova AD, Kim M, McGinn AP, Muntner P, Khan U, Wildman RP. Inci-
dent cardiovascular disease events in metabolically benign obese individuals.
Obes (Silver Spring). 2012,20(3):651-9.

Thomsen M, Nordestgaard BG. Myocardial infarction and ischemic heart
disease in overweight and obesity with and without metabolic syndrome.
JAMA Intern Med. 2014;174(1):15-22.

28.

29.

30.

31.

32

33.

34.

35.

36.

Page 9 of 9

Lee SH, Jeong MH, Kim JH, Kim MC, Sim DS, Hong YJ, et al. Influence of obe-
sity and metabolic syndrome on clinical outcomes of ST-segment elevation
myocardial infarction in men undergoing primary percutaneous coronary
intervention. J Cardiol. 2018;72(4):328-34.

Sénchez-Ifigo L, Navarro-Gonzalez D, Ferndndez-Montero A, Pastrana-
Delgado J, Martinez JA. Risk of incident ischemic stroke according to the
metabolic health and obesity states in the vascular-metabolic CUN cohort.
Int J Stroke. 2017;12(2):187-91.

Ding J, Chen X, Shi Z, Bai K, Shi S. Association of Metabolically Healthy Obesity
and risk of Cardiovascular Disease among adults in China: a retrospective
cohort study. Diabetes Metab Syndr Obes. 2023;16:151-9.

Opio J, Wynne K, Attia J, Hancock S, Oldmeadow C, Kelly B, et al. Overweight
or obesity increases the risk of cardiovascular disease among older Australian
adults, even in the absence of cardiometabolic risk factors: a bayesian
survival analysis from the Hunter Community Study. Int J Obes (Lond).
2023;47(2):117-25.

Lavie CJ, Milani RV, Ventura HO, Obesity, Disease C. Risk factor, Paradox, and
impact of weight loss. J Am Coll Cardiol. 2009;53(21):1925-32.

Liu J, ChenYY, Cai K, Gong Y. Association of metabolic syndrome with
cardiovascular outcomes in hypertensive patients: a systematic review and
meta-analysis. J Endocrinol Investig. 2021,44(11):2333-40.

Sanguankeo A, Upala S. Metabolic syndrome increases mortality risk in Dialy-
sis patients: a systematic review and Meta-analysis. Int J Endocrinol Metab.
2018;16(2):¢61201.

Gallus S, Lugo A, Murisic B, Bosetti C, Boffetta P, La Vecchia C. Overweight and
obesity in 16 European countries. Eur J Nutr. 2015;54(5):679-89.

Sanyaolu A, Okorie C, Qi X, Locke J, Rehman S. Childhood and adolescent
obesity in the United States: a Public Health concern. Glob Pediatr Health.
2019;6:2333794x19891305.

Ansarimoghaddam A, Adineh HA, Zareban |, Iranpour S, HosseinZadeh A, Kh
F. Prevalence of metabolic syndrome in Middle-East countries: Meta-analysis
of cross-sectional studies. Diabetes Metab Syndr. 2018;12(2):195-201.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association between metabolic syndrome and myocardial infarction among patients with excess body weight: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and eligibility criteria
	﻿Database searching and study selection
	﻿Data extraction and risk of bias assessment
	﻿Statistical analysis

	﻿Results
	﻿Study characteristics
	﻿Quality assessment and publication bias
	﻿Overall meta-analysis results
	﻿Subgroup analysis and meta-regression

	﻿Discussion
	﻿Strengths and limitations

	﻿Conclusions
	﻿References


