

[image: image1]
Association between waist-to-hip ratio and risk of myocardial infarction: a systematic evaluation and meta-analysis












	
	TYPE Systematic Review

PUBLISHED 09 December 2024
DOI 10.3389/fcvm.2024.1438817






[image: image2]

Association between waist-to-hip ratio and risk of myocardial infarction: a systematic evaluation and meta-analysis

Xiaojuan Zhang1†, Liu Yang2†, Cong Xiao1†, Jiacong Li1, Tao Hu2 and Linfeng Li2*[image: image]

1Medical College of Nanchang University, Jiangxi Provincial People’s Hospital, Nanchang, Jiangxi, China

2Department of Cardiology, Jiangxi Provincial People’s Hospital, The First Affiliated Hospital of Nanchang Medical College, Nanchang, Jiangxi, China

EDITED BY
Frank A. Orlando, University of Florida, United States

REVIEWED BY
Vu Hoang Tran, University of Massachusetts Medical School, United States
Karlo Golubić, KBC Sestre milosrdnice, Croatia

*CORRESPONDENCE Linfeng Li 970734331@qq.com

†These authors have contributed equally to this work and share first authorship.

RECEIVED 31 May 2024
ACCEPTED 11 November 2024
PUBLISHED 09 December 2024

CITATION Zhang X, Yang L, Xiao C, Li J, Hu T and Li L (2024) Association between waist-to-hip ratio and risk of myocardial infarction: a systematic evaluation and meta-analysis.
Front. Cardiovasc. Med. 11:1438817.
doi: 10.3389/fcvm.2024.1438817

COPYRIGHT © 2024 Zhang, Yang, Xiao, Li, Hu and Li. 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.



Background: Myocardial infarction(MI) is one of the most serious health threats. Despite the increasing number of clinical methods used to predict the onset of MI, the prediction of MI is still unsatisfactory and necessitates new methods.



Objective: To systematically review observational studies from the past two decades on the association between waist-to-hip ratio (WHR) and MI risk.



Methods: Original literature on the correlation between WHR and MI was searched in PubMed, Embase, Web of Science, Cochrane Library, Science Direct, CNKI, and Wanfang up to January 31, 2024. Two researchers independently screened, extracted data, and assessed quality using the Newcastle-Ottawa Scale (NOS) and Revman5.3. Meta-analysis with Stata 16.0 calculated the combined Odd ratio (OR) for WHR and MI risk. Heterogeneity was assessed with the I2 statistic to select the appropriate effects model. Subgroup analysis, meta-regression, sensitivity analysis, and funnel plots tested for heterogeneity and publication bias.



Results: A total of 22 observational studies were included, involving 709,093 participants. The meta-analysis showed that an elevated WHR was significantly associated with an increased risk of MI, with a pooled odds ratio (OR) of 1.98 [95% Confidence interval (CI): 1.75–2.24] and high heterogeneity (I2 = 91.5%, P < 0.0001). Subgroup analysis revealed a stronger association between WHR and MI in women (OR: 1.99, 95% CI: 1.43–2.77) compared to men (OR: 1.74, 95% CI: 1.36–2.22). Regional analysis indicated that the association between WHR and MI risk was highest in Asian populations (OR: 2.93 95% CI: 1.61–5.33), followed by American (OR: 1.73, 95% CI: 1.45–2.08) and European populations (OR: 2.19, 95% CI: 1.49–3.22). Sensitivity analysis demonstrated that the results remained stable after excluding one study.



Conclusion: In the general adult population, a higher WHR is a potentially significant association for MI and has predictive value for MI.
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1 Background

MI is a serious cardiovascular disease, with symptoms including severe chest pain, tightness, and difficulty breathing (1, 2). If not treated promptly, it often leads to serious complications or even death (2). Therefore, identifying valuable risk factors to help predict MI would promote healthcare. There is a large body of research indicating that obesity-related cardiometabolic diseases are risk factors for atherosclerotic cardiovascular disease (3). Per the WHO and numerous other internationally recognized organizations like the CDC, obesity is defned by body mass index(BMI), an indirect measure of body composition. However, patients can be at an increased risk of cardiometabolic diseases if they have a normal BMI but an elevated body fat percentage (i.e., “normal weight obesity”) (4). It is therefore important to consider other measures of body composition besides BMI as a measure of body fat and predict cardiometabolic risk. Dual-energy x-ray absorptiometry (DEXA) (5), bioimpedence analysis (BIA) (5), computed tomography (CT) and magnetic resonance imaging (MRI) are direct measures of body fat,while WHR, waist-to-height ratio (WHtR) and waist circumference (WC) are other indirect measures of body fat besides BMI. DEXA is a technique for measuring bone density and body fat content using the principle that different energy x-rays are absorbed to different degrees in human tissues (5). BIA is used to predict body composition based, on the electrical conductive properties of the body (5). Among these, DEXA, CT, and MRI are expensive and not readily available.BMI cannot distinguish between local and peripheral fat and does not accurately reflect the impact of WC and height (6, 7). Additionally,WC has been found in some studies to not predict the prognosis of MI well (7).

The WHR is an indicator of central obesity to predict the incidence and prognosis of cardiovascular disease. Overall, WHR as an indicator of central obesity is superior to other indicators. It not only predicts the incidence of MI but also has reference value for predicting myocardial injury before MI (8), the prognosis of MI (9, 10), and the severity of MI in patients (11, 12). The WHR is usually used as an indicator of central obesity to predict the incidence and prognosis of cardiovascular diseases. The waist circumference divided by the hip circumference defines the WHR, and the World Health Organization recommends a WHR ≥ 0.9 for men and ≥ 0.85 for women as the standard diagnostic criteria for abdominal obesity (13).

To clarify the association between WHR and MI, this paper reviews the research on the association between WHR and the risk of MI over the past two decades, summarizes the results of these studies in a meta-analysis, and aims to elucidate the relationship between WHR and MI in the general adult population. In particular, this study adds the latest data to previous studies (14, 15) and conducts a more detailed subgroup analysis, which further enriches the existing literature, especially in terms of gender, regional differences, and long-term risk assessment.



2 Materials and method


2.1 Search strategy

Computerized searches were conducted in databases such as PubMed, Embase, Web of Science, Cochrane Library, Science Direct, CNKI, and Wanfang. The English search terms included: Ratio, Waist-Hip; Ratios, Waist-Hip; Waist Hip Ratio; Waist-Hip Ratios; Waist-to-Hip Ratio; Ratio, Waist-to-Hip; Ratios, Waist-to-Hip; Waist to Hip Ratio; Waist-to-Hip Ratios; Myocardial Infarction; Cardiovascular Stroke; Cardiovascular Strokes; Stroke, Cardiovascular; Strokes, Cardiovascular; Myocardial Infarct; Myocardial Infarcts; Heart Attack; Heart Attacks. The Chinese search terms included: myocardial infarction, acute myocardial infarction, inferior wall myocardial infarction, anterior wall myocardial infarction, anteroseptal myocardial infarction, ST-segment elevation myocardial infarction, non-ST-segment elevation myocardial infarction, coronary atherosclerotic heart disease, angina, acute coronary syndrome. Two scholars from the team independently searched the above databases, with the search time up to January 31, 2024.10.21.



2.2 Inclusion and exclusion criteria for the literature

Criteria for Literature Inclusion: (1) The study subjects were the general population aged over 18 years; (2) The studies were reported in Chinese or English; (3) The studies explored the correlation between WHR and the incidence rate of MI; (4) The studies adjusted for various potential influencing factors on the association between WHR and the incidence rate of MI.

The exclusion criteria were as follows: (1) Non-clinical human trials; (2) Studies with questionable data or data that could not be extracted; (3) Literature that did not explore the WHR and the incidence rate of MI.



2.3 Literature screening

According to the specified time limit (up to January 31, 2024), two scholars independently screened the retrieved original studies. First, using Endnote to compare the titles, publication years, first authors' names, etc., to exclude duplicate literature. Then, by reading the titles and abstracts, literature unrelated to the research purpose was eliminated. Next, the remaining literature was fully searched and read, and the original studies to be finally included were confirmed according to the inclusion and exclusion criteria. In case of disagreement between the two researchers, a third researcher was involved for verification and assessment.



2.4 Data extraction

Two researchers read the papers and extracted relevant data, including the main authors' surnames, publication years, study regions, methods, sample sizes, subjects' ages, WHR, types of MI, WHR cut-off values, OR/RR/HR (95%CI), gender grouping, and adjustment factors in multivariate analysis.



2.5 Quality assessment

The final included studies covered case-control studies and cohort studies. Two methods were used for the quality assessment of the literature: firstly, the NOS was used to assess multiple aspects of case-control studies and cohort studies, mainly including the representativeness of the studies, comparability between groups, and measurement of exposure factors, with a total score of 9 points, and studies scoring above 6 points were considered high-quality research. Subsequently, Revman5.3 software was used for assessment, focusing on random sequence generation, allocation concealment, blinding, outcome assessment blinding, completeness of outcome data, selective reporting, and other potential biases.



2.6 Data analysis

This study utilized Stata 16.0 software to perform meta-analysis and statistical analysis. The analyzed data were categorical variables, presented as OR and 95% CI to demonstrate the association between WHR and MI in the general adult population. Heterogeneity among studies was assessed using Cochrane's Q test and the I2 statistic. A fixed-effect model was adopted if I2 < 50%; a random-effect model was used if I2 > 50%. Significant heterogeneity was considered present if the P-value of the Q test was <0.05 and I2 > 50%, in which case subgroup analysis and multivariate meta-regression analysis were conducted to explore the sources of heterogeneity. Subgroup analyses included gender (male, female), study region (Asia, Europe, America), type of study (case-control study, cohort study), and WHR cut-off value (<0.93, ≥0.93). The chi-square test was used to compare results within subgroups. If one subgroup had I2 < 50% and P > 0.05, while another had I2 > 50% and P < 0.05, it indicated that this subgroup might be the source of heterogeneity. Multivariate meta-regression analysis was also used, incorporating factors such as NOS score, average age, publication year, etc., that might affect the results into the model to investigate their potential impact on the study outcomes. If P < 0.05, it suggested that these factors might be sources of heterogeneity. Sensitivity analysis was conducted by excluding studies one by one to verify the stability of the results. If the OR values were stably distributed on both sides of the median line, it indicated that the results of the meta-analysis were stable. Potential publication bias was checked by visually inspecting the symmetry of the funnel plot. If the funnel plot was symmetrical, it suggested a lower risk of publication bias; if the results clustered on one side of the plot, it might indicate the presence of publication bias.




3 Results


3.1 Literature search results

We searched for English keywords in databases such as PubMed, Embase, Web of Science, Cochrane Library, Science Direct, and for Chinese keywords in CNKI and Wanfang Database, retrieving a total of 7,622 related articles. Among them, there were 521 from PubMed, 1,281 from Embase, 1,352 from Web of Science, 86 from Cochrane Library, 5,546 from Science Direct, 4 from CNKI, and 72 from Wanfang Database. After selection using Endnote and removing 3,316 duplicate articles, 4,306 remained. By reviewing titles and abstracts, and applying inclusion and exclusion criteria, 4,198 articles were screened out, including 4,170 unrelated to the study (not discussing the association between WHR and MI) and 28 unable to obtain complete data (no online access to full text, incomplete data, or obviously abnormal data). After full-text reading of the remaining 108 articles and another round of screening with inclusion and exclusion criteria, 85 articles were excluded, among which 84 had inconsistent research indicators (did not report the OR/HR/RR values of WHR and MI risk), and 1 involved a non-general population. Finally, 22 articles met the criteria (16–37). For the specific screening process, please refer to Figures 1, 2.


[image: Figure 1]
FIGURE 1
Flow diagram of search and study selection.
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FIGURE 2
Quality assessment 1.




3.2 Literature inclusion and quality assessment

This study included 22 observational studies, comprising 7 cohort studies and 15 case-control studies, spanning from 1996 to 2023. These studies encompassed multiple countries and regions, such as Europe, Asia, and South America, with a total of 709,093 participants. The age range of the subjects was from 31.1 to 69.7 years, with WHR cut-off values ranging from 0.78 to 0.95, and the OR values indicating the association between an increase in WHR and the risk of MI ranged from 1.049 to 10.9. Among these, 8 studies also included gender subgroup analyses. When exploring the association between WHR and MI, studies typically adjusted for various factors, such as age, gender, body mass index, smoking, drinking, systolic blood pressure, total cholesterol, high-density lipoprotein, triglycerides, glycated hemoglobin, and other potential confounding factors, please refer to Table 1. The included studies encompassed seven cohort studies, which furnished data regarding the incidence of MI, methods of follow-up, and duration of follow-up. Please refer to Table 2.


TABLE 1 Specific characteristics of the included studies2.

[image: Table 1]


TABLE 2 Specific characteristics of the Cohort studies.

[image: Table 2]

To assess the quality of the literature, the NOS was used for scoring, with scores ranging from 7 to 9, indicating good overall quality of the studies. For specific assessment results, please refer to Table 1. Furthermore, Revman 5.3 software was used for further quality assessment of the included studies, examining random sequence generation (selection bias), allocation concealment (selection bias), blinding among participants and personnel (performance bias), blinding in outcome assessment (detection bias), completeness of outcome data (attrition bias), selective reporting (reporting bias), and other bias factors. Given that most of the included studies were case-control studies, the quality assessment was relatively low in terms of random selection and blinding of study subjects, while other aspects including performance bias, detection bias, attrition bias, reporting bias, and other biases were rated as excellent. For specific results, please see Figures 2, 3.


[image: Figure 3]
FIGURE 3
Quality assessment 2. (The green, yellow, and red colors in the fgure represent “low risk,” “unclear,” and “high risk,” respectively.).




3.2 Publication bias

Publication Bias To assess publication bias, we conducted a funnel plot test. The funnel plot (Figure 4) shows that the studies included are relatively symmetrically distributed on the funnel plot, suggesting a lower risk of publication bias in this meta-analysis. However, caution is needed in interpretation, as the assessment of symmetry in funnel plots is somewhat subjective. For details, see Figure 4.


[image: Figure 4]
FIGURE 4
Funnel plot of publication bias among the included studies.




3.3 Data analysis results


3.3.1 Relationship between WHR and Mi

Relationship between WHR and MI The relationship between waist-hip ratio (WHR) and the risk of MI was assessed based on 22 studies of the general population. Considering the heterogeneity of the studies, a random effects model was used for analysis. Some studies were stratified by gender, age, and WHR cut-off values, with numbers 1 to 4 used to differentiate these groups within the same study. The combined results of the random effects model indicated that subjects with a higher WHR are more prone to MI compared to those with a lower WHR. The Cochrane Q test showed significant heterogeneity (P < 0.0001, I2 = 91.8%), and the adjusted OR was 1.98 with a 95% CI of 1.75–2.24. Detailed data can be seen in Figure 5. (Note: In the studies by Azevedo A1999, Oliveira A2010, Horvei LD2014, Peters SAE 2018, Hermansson J 2019, “1” represents the male group in the study,“2”represents the female group in the study; In the Wienbergen H 2022 study, “1”represents the group with WHR between 0.87–0.93, “2”represents the group with WHR ≥ 0.93; In Egeland GM2016, “1”represents the male group under 60 years of age,“2”represents the male group over 60 years of age, “3” represents the female group under 60 years of age, “4” represents the female group over 60 years of age.).


[image: Figure 5]
FIGURE 5
Forest plot of the meta-analysis of the association between waist-to-hip ratio and MI in the general population.




3.3.2 Subgroup analyses


3.3.2.1 Gender subgroup analysis

Subgroup analyses according to gender showed significant associations in both the male (OR: 1.74, 95% CI: 1.36–2.22, P < 0.05) and female groups (OR: 1.99, 95% CI: 1.43–2.77, P < 0.05), with within-group Cochrane's Q test P-values were less than 0.05 and I2 was greater than 50%, suggesting that gender group heterogeneity did not significantly affect outcomes. The combined OR of the female group was greater than that of the male group, indicating that the association between WHR and MI was more significant in females, and thus it can be inferred that WHR is more significant in predicting MI in females. The details are shown in Figure 6. (Note: P-value <0.0001 is considered 0).


[image: Figure 6]
FIGURE 6
Subgroup analysis.




3.3.2.2 Regional subgroup analyses

According to the results of regional subgroup analysis showed that region 1 = Asia (OR: 2.93, 95% CI: 1.61–5.33, P < 0.05), 2 = Europe (OR: 1.73, 95% CI: 1.45–2.08, P < 0.05) and 3 = America (OR: 2.19, 95% CI: 1.49–3.22., P < 0.05), the Cochrane's Q-test P-values for within-groups were all less than 0.05, and the I2 within-groups were all greater than 50%, suggesting that regional subgroup heterogeneity did not have a significant effect on outcomes. As shown in Figure 6. (Note: P-value <0.0001 is considered 0).



3.3.2.3 Research methods subgroup analyses

The results of the subgroup analysis according to the research methodology showed that area 1 = case-control study (OR: 2.57, 95% CI: 2.04–3.24, P < 0.05), 2 = cohort study (OR: 1.34, 95% CI: 1.17–1.54, P < 0.05), and the intragroup Cochrane's Q-test P-values were all less than 0.05 and I2 within group was greater than 50%, indicating that heterogeneity in study method grouping did not have a significant effect on outcome. As shown in Figure 6. (Note: P-value <0.0001 is considered 0).



3.3.2.4 Subgroup analysis of WHR cut-off value

According to the results of subgroup analysis of WHR critical value showed that region 1 = WHR cut-off value <0.93 (OR: 2.05, 95% CI: 1.65–2.54, P < 0.01), 2 = WHR cut-off value ≥0.93 (OR: 2.69, 95% CI: 2.06–3.52, P = 0.035), within-group Cochrane's Q-test P-values were all less than 0.05, and within-group I2 was greater than 50%, suggesting that heterogeneity of study WHR critical value subgroups did not have a significant effect on outcome. The combined ORs of subgroups with higher WHR critical values were greater than those of subgroups with lower WHR critical values, suggesting that higher WHRs may be more strongly associated with MI. As shown in Figure 6.




3.3.3 Multifactorial meta-regression analysis

To explore the sources of heterogeneity among studies, we further conducted a multifactorial meta-regression analysis. The results of the multifactorial meta-regression analysis showed that the P-values for all factors were above 0.05, indicating that factors such as publication year, NOS score, and age did not have a significant impact on the study results. Specific data can be referred to in Table 3. Table 3 shows that the effect size for publication year was −0.18 (P = 0.858), with a 95% CI ranging from −0.0551 to 0.0466, indicating that the publication year had no significant effect on the results; the effect size for the NOS score was −1.04 (P = 0.321), with a 95% CI ranging from −0.8493 to 0.3022, indicating that the NOS score had no significant effect on the results; the effect size for age was 0.33 (P = 0.746), with a 95% CI ranging from −0.0340 to 0.0461, indicating that age had no significant effect on the results. please refer to Table 3.


TABLE 3 Results of the multifactorial meta-regression analysis.

[image: Table 3]



3.3.4 Sensitivity analysis

By sequentially excluding each study and observing the changes in the combined OR value, the results show that the combined OR values are stably distributed between 1.75 and 2.24, indicating that the meta-analysis results are relatively stable. Figure 7 shows that after the exclusion of individual studies, the CI of the combined effect size (OR) did not significantly expand or shift, suggesting that individual studies have limited impact on the overall meta-analysis results. This stability indicates that the meta-analysis results are robust and reliable. For specific results, see Figure 7.


[image: Figure 7]
FIGURE 7
Assessment of meta-analysis stability after exclusion of individual studies. [The horizontal axis represents the exclusion of different studies, and the vertical axis represents the range of changes in the combined effect value (95% CI)].






4 Discussion

This systematic review and meta-analysis evaluated and summarized the existing evidence on the predictive value of WHR for MI over the past 20 years. We included 22 observational studies from various regions including Europe, Asia, and South America, with a total of 709,093 subjects. The quality of the studies was assessed using the NOS and Revman5.3 software, and the results indicated that the overall quality of the studies was good. The meta-analysis showed that subjects with a higher WHR had a greater likelihood of suffering from MI compared to those with a lower WHR, with an adjusted odds ratio (OR) of 1.98, 95% CI: 1.75–2.24, I2 = 91.5%, P < 0.0001. This suggests that WHR is a promising factor for predicting the risk of MI and has strong predictive power. This indicates that WHR may have significant clinical relevance in identifying high-risk individuals and predicting the burden of MI in the general adult population. Furthermore, these results align with the growing literature (14, 15), supporting WHR as an important indicator in the assessment of MI risk.

In this meta-analysis, by summarizing the existing evidence on the relationship between WHR and MI over the past two decades, we found that WHR has a certain predictive role for the risk of MI. This association may be related to the following mechanisms. Firstly, central obesity refers to a relative abundance of abdominal fat compared to hip fat. A reduction in gluteal region fat is associated with a higher incidence of cardiovascular diseases (38), and abdominal fat is closely related to hypertriglyceridemia and the release of pro-inflammatory cytokines from adipose tissue, implying a higher risk of cardiovascular diseases (39, 40). Secondly, an increase in abdominal fat means an increase in visceral adipose tissue (VAT) (41), which is positively correlated with coronary atherosclerosis (42). Excessive VAT can directly or indirectly cause overactivity of the sympathetic nervous system, as well as abnormal secretion of adiponectin, leptin, and other pro-inflammatory factors, leading to dyslipidemia, a prothrombotic state, insulin resistance, and chronic inflammation, all of which are independent risk factors for cardiovascular diseases (43–47).

To explore the differences in the risk of MI associated with WHR between men and women, we conducted a subgroup analysis by gender. The results showed that an increased WHR is a stronger predictor of MI in women, although the difference is small. This result is consistent with several previous studies (14, 31, 48). In a genome-wide association study of adiposity markers by Peters SAE et al. (31), it was found that visceral fat in women had a stronger correlation with cardiac metabolic risk factors; Ramezankhani A et al. (48) found that WHR increased the risk of cardiovascular events in women more than in men; Qinqin Cao et al (14) found that the OR value of WHR for MI was higher in women in their meta-analysis. Given this result, we should pay more attention to the predictive role of WHR in women for MI, which can help medical institutions and policymakers better tailor prevention and intervention measures for different groups, such as different appropriate cut-off values for WHR in predicting MI in men and women. Researching gender differences can also promote the medical community's attention to women's cardiovascular health issues, improve the diagnosis and treatment level of women's cardiovascular diseases, and optimize the allocation of medical resources and public health policies. However, some studies have reached different conclusions (49). In the study by Hanieh Mohammadi et al. (49)], it was found that the ability of abdominal obesity to be associated with MI was lower in women than in men. Hanieh Mohammadi et al (49) believe this may be related to different fat distributions between genders. Abdominal fat is composed of VAT and subcutaneous adipose tissue (SAT), and generally, men have higher VAT than women, while women have higher SAT. Therefore, compared to women, abdominal obesity is a more direct marker of visceral fat in men, and visceral fat has a stronger correlation with cardiac metabolic risk factors. Therefore, from this mechanism, WHR should have a higher predictive value in men. In summary, no studies have yet clearly explained the mechanisms related to gender differences, so conclusions related to gender need to be interpreted with caution, and further experiments need to be expanded to control more confounding factors, such as age, underlying diseases and medication, lifestyle, hormone levels, etc., to explore gender differences.

To explore whether there are regional differences in the association between WHR and the risk of MI, we conducted subgroup analyses by region. The results suggest that the association between WHR and the risk of MI may be stronger in Asian populations than in American and European populations. This could be related to a combination of factors such as racial differences, local dietary habits, socioeconomic status, medical conditions, lifestyle, and genetic factors (50–52). Particularly, the difference in body fat distribution between regions, with Asian populations tending to accumulate more visceral fat compared to Western populations (53), is closely related to the accumulation of visceral fat, WHR, and the occurrence of cardiovascular diseases. However, the study by Alenaini W et al. (54) found that the differences in visceral fat between populations across states were confounded by differences between rural and urban populations. Therefore, future large-scale prospective cohort studies could be designed to further explore the association and mechanisms between WHR and MI, controlling for confounding factors such as race, living area, body fat distribution, age, and gender.

Given these results, first, the ability of WHR to predict the risk of MI is evident, and medical professionals should consider the key role of WHR in identifying high-risk groups for MI, especially in women. For medical rehabilitation professionals, more attention should be paid to patients' WHR rather than just BMI. Second, in our study, the combined OR value for subgroups with higher WHR cut-off values was greater than for those with lower WHR, suggesting that a higher WHR may be more strongly associated with MI. In the future, the association between different gradients of WHR and the incidence of MI could be further explored to verify whether there is a linear correlation between WHR and the incidence of MI, and to find the WHR cut-off value with the strongest association to establish best practice guidelines. Third, the risks of a high WHR should be explained in patient health education so that patients understand that a high WHR means central obesity, which is closely related to cardiovascular diseases. Normal BMI does not mean the exclusion of the possibility of central obesity, and in daily life, attention should be paid to central obesity indicators such as WHR in addition to weight and BMI. Finally, as an indicator of central obesity, WHR has clinical significance beyond BMI and should receive more attention, especially in the prediction of MI with routine monitoring and early intervention to reduce the risk of MI. Meanwhile, effective treatment optimization needs to be combined with long-term follow-up, which can help minimize the incidence of cardiovascular events (55).

Additionally, this study also assessed the robustness of the meta-analysis results and the risk of publication bias. Sensitivity analysis results (Figure 7) show that after excluding any single study, the combined OR value remains stably distributed between 1.75 and 2.24, suggesting that individual studies have limited impact on the overall meta-analysis results. This stability indicates that the meta-analysis results are highly reliable, further supporting the research conclusion that an increased WHR is significantly associated with an increased risk of MI. At the same time, funnel plot assessment (Figure 6) suggests that the included studies are relatively symmetrically distributed on the funnel plot, indicating a lower risk of publication bias. This somewhat excludes the influence of a positive result publication tendency on the meta-analysis results. However, the assessment of funnel plot symmetry still has a certain subjectivity, so the interpretation of the risk of publication bias should still be cautious.



5 Limitations

Firstly, although the combined OR values of subgroups with higher WHR critical values were found to be greater than those of subgroups with with lower WHR critical values in the subgroup analysis, suggesting that a higher WHR may be more strongly correlated with MI, this study only used categorical variable data and could not accurately explain whether there is a linear association between WHR and MI. Secondly, most of the included articles were case-control studies, and there were relatively few cohort studies with high-level evidence, so more cohort studies need to be conducted in the future to increase the credibility of the research results. Thirdly, although various sources of heterogeneity were investigated, no specific cause for heterogeneity was found. The heterogeneity of the studies reduced the reliability of this meta-analysis, and the results should be viewed with caution. Fourthly, different studies used different WHR cutoff values, and it is not possible to determine the effectiveness of a single WHR threshold for predicting MI risk. Fifthly, the sample population was limited. Most of the included studies were case-control studies often focused on a certain hospital or center, and all the studies included were published in English. Therefore, this meta-analysis does not fully represent the entire population, thus limiting the generalizability and extrapolation of the research results. Sixth, the timing of WHR data collection in case-control studies may limit the inference of causal relationships between WHR and MI. This design difference represents a limitation of the current study, potentially affecting the accuracy of event validation. Future research should prioritize prospective cohort designs to enhance the accuracy of causal inference and the assessment of the association between WHR and new incident cases of MI. Seventh, there are differences among researchers in measuring WHR, and it is recommended that future research adopt standardized techniques to objectively measure WHR.

Finally, it should be noted that there was considerable heterogeneity in this meta-analysis. Unfortunately, neither subgroup analysis nor multivariate regression analysis could find the source of heterogeneity. We believe that the reasons for this heterogeneity may include: (1) This meta-analysis combined 22 original studies, which is a large number, and there are differences in the design of each study, participant characteristics, implementation of intervention measures, and outcome measurement standards, leading to inevitable heterogeneity; (2) The heterogeneity may be related to the type of MI, differences in the standards for diagnosing MI between studies, inconsistencies in the measurement methods of WHR and covariates, and Comorbidities and and follow-up measures and different follow-up times, but since the original studies did not provide corresponding data, subgroup analysis could not be conducted; (3) Potential differences in event definitions and collection methods among different studies may lead to bias. Although heterogeneity reduces the reliability of the meta-analysis, the sensitivity analysis showed that by excluding studies one by one, regardless of which study was excluded, the combined results were stable on both sides of the median line. There was no reversal of results, and the meta-analysis therefore has stability. In summary, although there is heterogeneity in this study, it still has reference value. We should treat these results with caution, and more prospective cohort studies can be set up in the future to further verify this conclusion.



6 Conclusion

WHR is an important predictor of MI risk. Individuals with a high WHR have a signifcantly higher risk of MI than those with a low WHR, an association that is more signifcant in women.Furthermore, the higher the WHR critical value, the stronger the association with MI, suggesting apossible dose-response relationship.

Clinical medical staff should therefore pay attention to the measurement and monitoring of WHR, and use it as an important means of assessing and preventing MI risk, especially for women and individuals with a signifcantly increased WHR. Morehigh-quality prospective studies are needed to further verify thepredictive value of WHR and optimize its application in MI risk assessment.

Future research should combine WHR with other risk factors to better guide the prevention and management of MI.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



Ethics statement

This study was granted an exemption from requiring ethics approval by Jiangxi provincial People's Hospital Ethics Committee because this study was a review.



Author contributions

XZ: Data curation, Formal Analysis, Investigation, Methodology, Software, Writing – original draft, Conceptualization, Validation, Writing – review & editing. LY: Data curation, Formal Analysis, Methodology, Validation, Writing – original draft, Writing – review & editing, Investigation, Software. CX: Data curation, Formal Analysis, Investigation, Methodology, Software, Visualization, Writing – original draft, Validation, Writing – review & editing. JL: Investigation, Software, Writing – review & editing, Validation. TH: Investigation, Validation, Writing – review & editing, Resources. LL: Conceptualization, Project administration, Resources, Supervision, Visualization, Writing – review & editing, Data curation, Investigation, Validation.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was funded by the Integrative Chinese and Western Medicine Expert Consensus Project of Angina Pectoris after Coronary revascularization, a pilot project of clinical cooperation of major difficult diseases, No. 2020050.



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.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Gulati R, Behfar A, Narula J, Kanwar A, Lerman A, Cooper L, et al. Acute myocardial infarction in young individuals. Mayo Clin Proc. (2020) 95(1):136–56. doi: 10.1016/j.mayocp.2019.05.001

2. Sagris M, Antonopoulos AS, Theofilis P, Oikonomou E, Siasos G, Tsalamandris S, et al. Risk factors profile of young and older patients with myocardial infarction. Cardiovasc Res. (2022) 118(10):2281–92. doi: 10.1093/cvr/cvab264

3. Hasebe T, Hasebe N. Impact of risk factors related to metabolic syndrome on acute myocardial infarction in younger patients. Hypertension Res. (2022) 45(9):1447–58. doi: 10.1038/s41440-022-00951-y

4. Mohammadian Khonsari N, Khashayar P, Shahrestanaki E, Kelishadi R, Mohammadpoor Nami S, Heidari-Beni M, et al. Normal weight obesity and cardiometabolic risk factors: a systematic review and meta-analysis. Front Endocrinol (Lausanne). (2022) 13:857930. doi: 10.3389/fendo.2022.857930

5. Kuriyan R. Body composition techniques. Indian J Med Res. (2018) 148(5):648–58. doi: 10.4103/ijmr.IJMR_1777_18

6. Han SY, Kim NH, Kim DH, Kim YH, Park YK, Kim SM. Associations between body mass index, waist circumference, and myocardial infarction in older adults aged over 75 years: a population-based cohort study. Medicina (Kaunas, Lithuania). (2022) 58:1768. doi: 10.3390/medicina58121768

7. Yoo JE, Han K, Jung JH, Hur YI, Kim YH, Kim ES, et al. Body mass index, waist circumference and cardiovascular diseases in transitional ages (40 and 66 years). J Cachexia Sarcopenia Muscle. (2023) 14(1):369–81. doi: 10.1002/jcsm.13138

8. Wang Z, Huang X, Li J, Liu N, Wei Q. Association between waist-hip ratio and subclinical myocardial injury in the general population: insights from the NHANES. Front Endocrinol (Lausanne). (2022) 13:975327. doi: 10.3389/fendo.2022.975327

9. Zhang Y, Zhang Y, Shi Y, Dong W, Mu Y, Wang J, et al. Influence of waist-to-hip ratio on the prognosis of heart failure patients with revascularized coronary heart disease. Front Cardiovasc Med. (2021) 8:732200. doi: 10.3389/fcvm.2021.732200

10. Lee SH, Park JS, Kim W, Shin DG, Kim YJ, Kim DS, et al. Impact of body mass index and waist-to-hip ratio on clinical outcomes in patients with ST-segment elevation acute myocardial infarction (from the Korean acute myocardial infarction registry). Am J Cardiol. (2008) 102(8):957–65. doi: 10.1016/j.amjcard.2008.06.022

11. Dhar S, Das PK, Bhattacharjee B, Awal A, Ahsan SA, Shakil SS, et al. Predictive value of waist height ratio, waist hip ratio and body mass index in assessing angiographic severity of coronary artery disease in myocardial infarction patients. Mymensingh Med J. (2020) 29(4):906–13.33116095

12. Jelavic MM, Babic Z, Pintaric H. The importance of two metabolic syndrome diagnostic criteria and body fat distribution in predicting clinical severity and prognosis of acute myocardial infarction. Arch Med Sci. (2017) 13(4):795–806. doi: 10.5114/aoms.2016.59703

13. Oumer A, Ale A, Tariku Z, Hamza A, Abera L, Seifu A. Waist-to-hip circumference and waist-to-height ratio could strongly predict glycemic control than body mass index among adult patients with diabetes in Ethiopia: ROC analysis. PLoS One. (2022) 17(11):e0273786. doi: 10.1371/journal.pone.0273786

14. Cao Q, Yu S, Xiong W, Li Y, Li H, Li J, et al. Waist-hip ratio as a predictor of myocardial infarction risk: a systematic review and meta-analysis. Medicine (Baltimore). (2018) 97(30):e11639. doi: 10.1097/MD.0000000000011639

15. de Koning L, Merchant AT, Pogue J, Anand SS. Waist circumference and waist-to-hip ratio as predictors of cardiovascular events: meta-regression analysis of prospective studies. Eur Heart J. (2007) 28(7):850–6. doi: 10.1093/eurheartj/ehm026

16. Pais P, Pogue J, Gerstein H, Zachariah E, Savitha D, Jayprakash S, et al. Risk factors for acute myocardial infarction in Indians: a case-control study. Lancet (London, England). (1996) 348(9024):358–63. doi: 10.1016/S0140-6736(96)02507-X

17. Gerstein HC, Pais P, Pogue J, Yusuf S. Relationship of glucose and insulin levels to the risk of myocardial infarction: a case-control study. J Am Coll Cardiol. (1999) 33(3):612–9. doi: 10.1016/S0735-1097(98)00637-8

18. Azevedo A, Ramos E, von Hafe P, Barros H. Upper-body adiposity and risk of myocardial infarction. Eur J Cardiovasc Nurs Risk. (1999) 6(5):321–5. doi: 10.1177/204748739900600509

19. Piegas LS, Avezum A, Pereira JC, Neto JM, Hoepfner C, Farran JA, et al. Risk factors for myocardial infarction in Brazil. Am Heart J. (2003) 146(2):331–8. doi: 10.1016/S0002-8703(03)00181-9

20. Kumar P, Luthra K, Dwivedi M, Behl VK, Pandey RM, Misra A. Apolipoprotein E gene polymorphisms in patients with premature myocardial infarction: a case-controlled study in Asian Indians in North India. Ann Clin Biochem. (2003) 40(Pt 4):382–7. doi: 10.1258/000456303766477020

21. Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG, Commerford P, et al. Obesity and the risk of myocardial infarction in 27,000 participants from 52 countries: a case-control study. Lancet (London, England). (2005) 366(9497):1640–9. doi: 10.1016/S0140-6736(05)67663-5

22. Avezum A, Piegas LS, Pereira JC. Risk factors associated with acute myocardial infarction in the São Paulo metropolitan region: a developed region in a developing country. Arq Bras Cardiol. (2005) 84(3):206–13. doi: 10.1590/S0066-782X2005000300003

23. Lanas F, Avezum A, Bautista LE, Diaz R, Luna M, Islam S, et al. Risk factors for acute myocardial infarction in Latin America: the INTERHEART Latin American study. Circulation. (2007) 115(9):1067–74. doi: 10.1161/CIRCULATIONAHA.106.633552

24. Kumar A, Nagtilak S, Sivakanesan R, Gunasekera S. Cardiovascular risk factors in elderly normolipidemic acute myocardial infarct patients–a case controlled study from India. Southeast Asian J Trop Med Public Health. (2009) 40(3):581–92.19842447

25. Oliveira A, Rodríguez-Artalejo F, Severo M, Lopes C. Indices of central and peripheral body fat: association with non-fatal acute myocardial infarction. Int J Obes. (2010) 34(4):733–41. doi: 10.1038/ijo.2009.281

26. Carević V, Kuzmanić M, Rumboldt M, Rumboldt Z. Predictive impact of coronary risk factors in southern Croatia: a case control study. Coll Antropol. (2010) 34(4):1363–8.

27. Kaur R, Das R, Ahluwalia J, Kumar RM, Talwar KK. Synergistic effect of angiotensin II type-1 receptor 1166A/C with angiotensin-converting enzyme polymorphism on risk of acute myocardial infarction in north Indians. J Renin-Angiotensin-Aldosterone Syst. (2012) 13(4):440–5. doi: 10.1177/1470320312438789

28. Horvei LD, Brækkan SK, Mathiesen EB, Njølstad I, Wilsgaard T, Hansen JB. Obesity measures and risk of venous thromboembolism and myocardial infarction. Eur J Epidemiol. (2014) 29(11):821–30. doi: 10.1007/s10654-014-9950-z

29. Egeland GM, Igland J, Vollset SE, Sulo G, Eide GE, Tell GS. High population attributable fractions of myocardial infarction associated with waist-hip ratio. Obesity (Silver Spring, Md.). (2016) 24(5):1162–9. doi: 10.1002/oby.21452

30. Rådholm K, Chalmers J, Ohkuma T, Peters S, Poulter N, Hamet P, et al. Use of the waist-to-height ratio to predict cardiovascular risk in patients with diabetes: Results from the ADVANCE-ON study. Diabetes Obes Metab. (2018) 20(8):1903–10. doi: 10.1111/dom.13311

31. Peters SAE, Bots SH, Woodward M. Sex differences in the association between measures of general and central adiposity and the risk of myocardial infarction: results from the UK biobank. J Am Heart Assoc. (2018) 7:e008507. doi: 10.1161/JAHA.117.008507

32. Hermansson J, Bøggild H, Hallqvist J, Karlsson B, Knutsson A, Nilsson T, et al. Interaction between shift work and established coronary risk factors. Int J Occup Environ Med. (2019) 10(2):57–65. doi: 10.15171/ijoem.2019.1466

33. Calling S, Johansson SE, Wolff M, Sundquist J, Sundquist K. The ratio of total cholesterol to high density lipoprotein cholesterol and myocardial infarction in Women’s health in the Lund area (WHILA): a 17-year follow-up cohort study. BMC Cardiovasc Disord. (2019) 19(1):239. doi: 10.1186/s12872-019-1228-7

34. Upadhyay R, Gohel BM, Chudasama RK. Determinants of myocardial infarction in saurashtra region, gujarat: a case-control study. Indian J Community Med. (2020) 45(2):154–8. doi: 10.4103/ijcmIJCM_219_19

35. Li Y, Wang C, Zhao M, Yao S, Wang M, Zhang S, et al. Effect of brachial-ankle pulse wave velocity combined with waist-to-hip ratio on cardiac and cerebrovascular events. Am J Med Sci. (2021) 362(2):135–42. doi: 10.1016/j.amjms.2021.02.014

36. Wienbergen H, Boakye D, Günther K, Schmucker J, Mata Marín LA, Kerniss H, et al. Lifestyle and metabolic risk factors in patients with early-onset myocardial infarction: a case-control study. Eur J Prev Cardiol. (2022) 29(16):2076–87. doi: 10.1093/eurjpc/zwac132

37. Zhong P, Tan S, Zhu Z, Zhu Z, Liang Y, Huang W, et al. Normal-weight central obesity and risk of cardiovascular and microvascular events in adults with prediabetes or diabetes: Chinese and British cohorts. Diabetes Metab Res Rev. (2023) 39(8):e3707. doi: 10.1002/dmrr.3707

38. da Silva CA, Mendes RML, de Moraes Santana N, Dos Santos NF, Pinho CPS. Dynapenic abdominal obesity in hospitalized elderly patients with acute myocardial infarction. Exp Gerontol. (2021) 154:111512. doi: 10.1016/j.exger.2021.111512

39. Chen GC, Arthur R, Iyengar NM, Kamensky V, Xue X, Wassertheil-Smoller S, et al. Association between regional body fat and cardiovascular disease risk among postmenopausal women with normal body mass index. Eur Heart J. (2019) 40(34):2849–55. doi: 10.1093/eurheartj/ehz391

40. Matos D, Ferreira AM. The heart and the waist: relationship between abdominal fat and recurrent events after myocardial infarction. Eur J Prev Cardiol. (2020) 27(18):1942–3. doi: 10.1177/2047487319900862

41. Sato R, Okada K, Akiyama E, Konishi M, Matsuzawa Y, Nakahashi H, et al. Impact of sarcopenic obesity on long-term clinical outcomes after ST-segment elevation myocardial infarction. Atherosclerosis. (2021) 335:135–41. doi: 10.1016/j.atherosclerosis.2021.08.038

42. Haidar A, Srikanthan P, Watson K, Allison M, Kronmal R, Horwich T. Associations between visceral fat, abdominal muscle, and coronary artery calcification: a cross-sectional analysis of the multi-ethnic study of atherosclerosis. Am J Cardiol. (2024) 217:77–85. doi: 10.1016/j.amjcard.2024.02.030

43. Horwich TB, Fonarow GC, Clark AL. Obesity and the obesity paradox in heart failure. Prog Cardiovasc Dis. (2018) 61(2):151–6. doi: 10.1016/j.pcad.2018.05.005

44. MacGregor KA, Gallagher IJ, Moran CN. Relationship between insulin sensitivity and menstrual cycle is modified by BMI, fitness, and physical activity in NHANES. J Clin Endocrinol Metab. (2021) 106(10):2979–90. doi: 10.1210/clinem/dgab415

45. Bermúdez V, Durán P, Rojas E, Díaz MP, Rivas J, Nava M, et al. The sick adipose tissue: new insights into defective signaling and crosstalk with the myocardium. Front Endocrinol (Lausanne). (2021) 12:735070. doi: 10.3389/fendo.2021.735070

46. Wang Z, Chen J, Zhu L, Jiao S, Chen Y, Sun Y. Metabolic disorders and risk of cardiovascular diseases: a two-sample Mendelian randomization study. BMC Cardiovasc Disord. (2023) 23(1):529. doi: 10.1186/s12872-023-03567-3

47. Ballin M, Nordström P, Niklasson J, Nordström A. Associations of visceral adipose tissue and skeletal muscle density with incident stroke, myocardial infarction, and all-cause mortality in community-dwelling 70-year-old individuals: a prospective cohort study. J Am Heart Assoc. (2021) 10:e020065. doi: 10.1161/JAHA.120.020065

48. Ramezankhani A, Azizi F, Hadaegh F. Sex differences in risk factors for coronary heart disease events: a prospective cohort study in Iran. Sci Rep. (2023) 13(1):22398. doi: 10.1038/s41598-023-50028-0

49. Mohammadi H, Ohm J, Discacciati A, Sundstrom J, Hambraeus K, Jernberg T, et al. Abdominal obesity and the risk of recurrent atherosclerotic cardiovascular disease after myocardial infarction. Eur J Prev Cardiol. (2020) 27(18):1944–52. doi: 10.1177/2047487319898019

50. Ullah M, Wahab A, Khan SU, Zaman U, Rehman Ku, Hamayun S, et al. Stent as a novel technology for coronary artery disease and their clinical manifestation. Curr Probl Cardiol. (2023) 48(1):101415. doi: 10.1016/j.cpcardiol.2022.101415

51. Soliman MZ, Kozman SA, Li Y, Soliman EZ, Ahmad MI. Racial differences in prevalence and impact of electrocardiographic subclinical myocardial injury risk factors. Am J Med Sci. (2024) 367(6):352–6. doi: 10.1016/j.amjms.2024.01.020

52. Karasik A, Lanzinger S, Chia-Hui Tan E, Yabe D, Kim DJ, Sheu WH, et al. Empagliflozin cardiovascular and renal effectiveness and safety compared to dipeptidyl peptidase-4 inhibitors across 11 countries in Europe and Asia: results from the EMPagliflozin compaRative effectIveness and SafEty (EMPRISE) study. Diabetes Metab. (2023) 49(2):101418. doi: 10.1016/j.diabet.2022.101418

53. Greendale GA, Han W, Finkelstein JS, Burnett-Bowie SM, Huang M, Martin D, et al. Changes in regional fat distribution and anthropometric measures across the menopause transition. J Clin Endocrinol Metab. (2021) 106(9):2520–34. doi: 10.1210/clinem/dgab389

54. Alenaini W, Parkinson JRC, McCarthy JP, Goldstone AP, Wilman HR, Banerjee R, et al. Ethnic differences in body fat deposition and liver fat content in two UK-based cohorts. Obesity (Silver Spring, Md.). (2020) 28(11):2142–52. doi: 10.1002/oby.22948

55. Locuratolo N, Scicchitano P, Antoncecchi E, Basso P, Bonfantino VM, Brescia F, et al. Follow-up of patients after an acute coronary event: the apulia PONTE-SCA program. G Ital Cardiol. (2022) 23(1):63–74. doi: 10.1714/3715.37064



OPS/images/fcvm-11-1438817-g002.jpg
Random sequence generation (selection bias) _

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) _:l
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _:l

Selective reporting (reporting bias) _

Other bias | |

0%  25% 50% 75%  100%

Low risk of bias D Unclear risk of bias igh risk of bias






OPS/images/fcvm-11-1438817-g003.jpg
seiq suo
(seiq Bupodas) Buniodal sAoaleS

(seiq uon.

) ejep awoojno aje|dwoou|

(se1q uoposlap) JusLISSasSE aW0oYNO Jo Bulpulg

(seiq @ouewopad) jsuuosiad pue sjuediied o Buly
(Se1q UORDB]aS) JUBLI[ESOUGO UOREDO]Y

(se1q uonosjes) uonesauab souanbas wopuey

Avezuma2005 | @ | @ | @ | @ | @ | @@
Azevedon 1990 | @ | @ | @ (@ | @ (@ | @

calings2019 | @ | @ | @ | © | @ | @ | @
carevicv2010 | @ | @ | @ | @ | @ | ® | @
EgelandaM2016 | @D | @D | @ | ® | @ | @ | 2
Hermansson J2010 | @) | @ | @ | @ | @ | @ | @

HerizelC 1999 | @ | @ | @ | @ @ | @ | @
HorveilD2014 | @ | @ | @ | @ | @ | @ | @

kurR2012| @ | @ | @ |®|® @@
kumarA2000 | @ | @ | @ | @ | @ | @ | @
kumarp2003 | @ | @ | @ | @ | @ | @ | @
LanasF2007 | @ | @ | @ | @ | @ (@ | @
Leopoldo 52003 | @ | @ |® |® | @ (@ | @

Lv1 | @00 000 @
oiveran2010 | @ | @ | @ |® @ | @ | @

paisP 199 | @ | @ | @ | @ | @ | @ | @
peters SAE2018 | @D | @ | @ | @ | @ | @ | @
Radhomk 2018 | @D | @ | ® | @ | @ | @ | @
UpadhyayR200 | @ | @ | @ | @ | @ | @ | @
Wienbergen H2022 | @) | @ | ® | @ |2 | @ | @

vusus2005 | @ | @ | @ (@ | @ | @ | @
zhongP2023 | @D | @ | © | @ (@ | @ |2






OPS/images/fcvm-11-1438817-g001.jpg
‘ Tnchided

Identification

Screning

Records identified from databases

searching (n=7622) :
PubMed (n=521)
Embase (n=1281)
Web of Science (n=1352)
Cochrane Library (n=86)
Science Direct (n=5546)
China National Knowledge
Infrastructure (CNKI) (n=4)
Wanfang Data (n=72)

.

Records removed before screening:
Duplicate recoreds removed (n=3316)

Fiter titles and abstracts
(n=4306)

Records excluded:
Not relevant to this meta (n=4170)
Data not available (n=28)

Full-text articles assessed (n=108)

Reports excluded:
Inconsistent with this meta-study metric (n=84)
Subjects are out of the general population (n=1)

Studies included in meta-analysis

(0=22)






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between waist-to-hip ratio and risk of myocardial infarction: a systematic evaluation and meta-analysis

		1 Background



		2 Materials and method



		2.1 Search strategy



		2.2 Inclusion and exclusion criteria for the literature



		2.3 Literature screening



		2.4 Data extraction



		2.5 Quality assessment



		2.6 Data analysis











		3 Results



		3.1 Literature search results



		3.2 Literature inclusion and quality assessment



		3.2 Publication bias



		3.3 Data analysis results



		3.3.1 Relationship between WHR and Mi



		3.3.2 Subgroup analyses



		3.3.2.1 Gender subgroup analysis



		3.3.2.2 Regional subgroup analyses



		3.3.2.3 Research methods subgroup analyses



		3.3.2.4 Subgroup analysis of WHR cut-off value











		3.3.3 Multifactorial meta-regression analysis



		3.3.4 Sensitivity analysis



















		4 Discussion



		5 Limitations



		6 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Association between waist-to-hip
ratio and risk of myocardial
infarction: a systematic
evaluation and meta-analysis





OPS/images/fcvm-11-1438817-g006.jpg
Characteristics

OR(95%Cl)

Overall 1.98[1.75,2.24] * 915 0
Sex
Male 1.74[1.36,2.22] RZl 916 0
Female 1.99[1.43,2.77) o 88.9 0
Territory
Asia 2.93[1.61,5.33] —e— 94.1 0
Europe 1.73[1.45,2.08] L2l 82.7 0
America 2.19[1.49,3.22) —o— 68 0.0444
Research method
Case-control study 2.57[2.08,3.19) —o— 837 0
Cohort study 1.34[1.17,1.54] o 816 0
WHR cut-off value
< 093 2.05[1.65,2.54] o 935 0
> 093 2.69[2.06,3.52) o 50.1  0.0350
T 1
041 10





OPS/images/fcvm-11-1438817-g007.jpg
Pai

O

oS
<)
NN
(=]=)

I

Q!
T 0.
2333
g
00002
S<<<Z0

Peters §
Peters S
Hermanssol
Hermanssor
Calli
Upadhya

Wienbergen
w |enben£hen
ong

EEPSS
. mm

3
<@
AW

T
<
NI
Of
N

Meta-analysis estimates, given named study is omitted

| Lower CI Limit

OEstimate

(0]
e}
[¢]

o

o

%o

o

0000

o %0 0%

| Upper CI Limit

1.67 1.75





OPS/images/fcvm-11-1438817-g004.jpg
Funnel plot with pseudo 95% confidence limits

o
e/ |\
L ] \
£
/ x AT K
o~ > 'R
L / \ e
° o
LN
1oty X
% o o \\
= \
2 °
Yo \
@ \
X
/ \
/ \
« Vi
N 7/
%
#
' 4
=l °
T T T T T
-3 -2 -1 0 1

100R





OPS/images/fcvm-11-1438817-g005.jpg
%
study OR (95% Cl) Weight

Pais P 1996 —— 3.12(1.80,5.40) 260
Hertzel C 1999 ——— 241(175,331) 395
AzevedoA1999 1 —_——— 250(1.30,490) 210
Azevedo A 19992 - 3.00 (0.60, 14.60) 0.54
Leopoldo S 2003 — 152(1.06,2.18)  3.68
Kumar P 2003 —————%—————— 560(140,2110) 072
Yusuf S 2005 . 1.77(1.67,1.88) 529
Avezum A 2005 —_— 3.07 (1.66,566) 2.31
Lanas F 2007 —— 249(197,314) 450
Kumar A 2009 |— 3.90(2.10,6.30) 260
Oliveira A2010 1 ' ——— 10.90(6.10, 19.40) 2.46
Oliveira A2010 2 . —— 5.84(3.37,10.10) 260
Carevié V 2010 + 1.96(1.21,3.18) 294
Kaur R 2012 . —— 480(3.20,7.30) 335
Horvei LD 2014 1 —_— 2.50(1.30,4.90) 210
Horvei LD 20142 . 1.09 (0.60, 14.60) 0.54
Egeland GM 2016 1 - 1.22(1.07,1.40) 504
Egeland GM 20162 - 1.09(0.97,123) 511
Egeland GM 20163 — 1.76(1.37,225) 440
Egeland GM 2016 4 J#— : 1.05(0.90,1.24) 491
Radholm K 2018 P - 1.08(1.00,1.18) 523
Peters SAE 2018 1 * 1.36(1.30,1.43) 532
Peters SAE 20182 . 149(1.39,159) 527
Hermansson J 2019 1 e 147(0.97,224) 332
Hermansson J 20192 | ———— 417(219,7.92) 218
Calling S 2019 —— 1.80(1.34,242) 410
Upadhyay R 2020 —— 174(102,294) 270
Liv 2021 —_— 1.34(0.46,385) 1.08
Wienbergen H 2022 1 —— 157(0.82,299) 217
Wienbergen H 2022 2 ] —_— 6.27 (3.40,1154) 232
Zhong P 2023 — 143(115,1.78) 459
Overall, DL (I = 91.5%, p < 0.000) Lo 1.98 (1.75,2.24) 100.00
T LB T
28 o123 23

NOTE: Weights are from random-effects model






OPS/images/ld.jpg






OPS/images/fcvm-11-1438817-t001.jpg
Pais P'*

Gender

WHR cutt-
of value

OR or RR or
HR (95%Cl)
3.12 (1.80-5.40)

Variable adjustment

Smoking, hypertension, income, non-vegetarianism and fasting blood sugar

Hertzel C'7

241 (1.75-3.31)

Age and gender

Azevedo A'®

2.50 (1.30-4.90)

3.00 (0.60-14.60)

Age, education level, family history of acute myocardial infarction and smoking

Leopoldo §'

1,52 (1.06-2.18)

Smoking, blood sugar, family history of coronary heart discase, low-density lipoprotein-
cholesterol, hypertension, diabetes and drinking

Kumar P*

520 (1.40-21.10)

History of acute myocardial infarction, smoking, BMI, hypertension, total cholesterol, serum
triglyceride, LDL, HDL, blood lipid and history of apolipoprotein E4 genotyping

Yusuf §7*

1.77 (1.67-1.88)

Avezum A*

Age, gender, regiom and smoking

3.07 (1.66-5.66)

Age and gender

Lanas F**

249 (1.97-3.14)

Age, gender and smoking

Kumar A

3.90 (2.10-6.30)

Age, gender and hospital

Oliveira A

10.90 (6.10-19.4)

584 (3.37-10.10)

Age, educational attainment, drinking, smoking, physical activity, family history of cercbral
infarction and the impact of menopause and hormone replacement therapy on women

Carevié V>

1.96 (1.21-3.18)

Age and gender

Kaur R”

4.80 (3.20-7.30)

Confounding effects of traditional coronary risk factors

Horvei LD*

2.50 (1.30-4.90)

1.09 (0.60-14.60)

Age, smoking, systolic blood pressure, total cholestrol, density lipoprotein, triglyceride,
glycated hemoglobin and diabetes

Egeland GM*

1.22 (1.07-1.40)

1.09 (0.97-1.23)

1.76 (1.37-2.25)

1.05 (0.90-1.24)

Age, smoking, bmi, systolic blood pressure, diabetes and total cholesterol-hdl cholesterol
ratio

1.08 (1.00-1.18)

Age, gender, smoking, region and randomized antihypertensive and hypoglycemic
interventions

1.36 (1.30-1.43)

140 (1.39-1.59)

Age, townshend deprivation index and smoking

1.47 (0.97-2.24)

P

4.17 (2.19-7.92)

Age and work system

Calling §*

1.80 (1.34-2.42)

Postmenopausal treatment,age at menopause, drinking and family history of cardiovascular
discase

Upadhyay R*

1.74 (1.02-2.94)

Age, gender and types of residential areas

Liy®

1.34 (0.46-3.85)

Gender, age, bmi, diabetes, drinking, fasting blood sugar, heart rate, hdl, hypertension, Id,
physical activity, salt consumption, systolic blood pressure and smoking

Wienbergen
e

1.57 (0.82-2.99)

627 (340-11.54)

Age, gender, nation, level of education, smoking, drinking, bmi, hypertension and diabetes

Zhong P

1.43 (1.15-1.78)

Age, gender, racist, income, level of education, lifestyle and history of current drug use







OPS/images/fcvm-11-1438817-t002.jpg
Horvei LD*

Incidence of
Ml

Gender and
year

For follow-up methods

Access to medical records

Follow-up
time(year)

Egeland GM*

Male, year < 60

Every Norwegian resident has a unique personal identification number, which is used to
identify individuals through linkage with records from the Norwegian Cause of Death
Registry and the National Hospital Discharge Diagnosis Data. In clinical drug trial studies

Male, year > 60

Female, year < 60

Radholm K*

Female, year > 60

Follow-up includes regular blood draws, among other procedures

Peters SAE™

In the UK Biobank cohort study, follow-up includes regular blood draws, among other
procedures.

Calling §33

Access to medical records

LiY®

In the Kailuan prospective cohort study, questionnaires and laboratory tests are repeated
every two years as part of the follow-up process.

Zhong P

In the UK Biobank cohort study, participants are followed up with regular blood draws and
other procedures.







OPS/images/fcvm-11-1438817-t003.jpg
Effect size | p-value | 95% confidence
interval
Nororpblaton | o1 | w00 | oo
Nossoe || om | —awewe | oomws.





OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





