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Introduction

The prevalence of metabolic syndrome among type 2 diabetes mellitus patients was inconsistent in Ethiopia. Therefore, we aimed to pool the prevalence of metabolic syndrome among type 2 diabetes mellitus patients using a systematic review and meta-analysis.





Methods

PubMed, EMBASE, and Cochrane Library databases were systematically searched for relevant articles from January 2023 to January 2024. In addition, a manual search was conducted using published articles’ reference lists. The random-effects model was used to pool prevalence from individual studies. All analysis was performed using R software.





Results

A total of nine articles met the inclusion criteria and were included in the analysis. The participants’ average age was 59.8 ± 3.84 years old. The pooled prevalence of MetS in T2DM patients was 53% (95% CI: 47–58). A significant heterogeneity was found across the included studies (P < 0.001, I2 = 92%). Based on diagnostic criteria, the prevalence of MetS in T2DM patients was 49% (95% CI: 43–56), 57% (95% CI: 47–67), 57% (95% CI: 43–77), and 44% (95% CI: 20-58) based on IDF, NCEP-ATP II, 2009 harmonized, and WHO criteria. By gender, the prevalence of MetS in T2DM patients was 48% (95% CI: 28–68) for females and 32% (95% CI: 17–49) for males.





Conclusion

This study found that over half of type 2 diabetes mellitus patients in Ethiopia are affected by metabolic syndrome, with a higher prevalence observed in females compared to males. The NCEP-ATP II and 2009 harmonized criteria consistently yielded similar prevalence rates of metabolic syndrome. These findings highlight the importance of educating T2DM patients on preventing and managing cardiovascular disease and its related complications.
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Introduction

Metabolic syndrome (MetS) was defined as the presence of three or more of the following five risk factors: elevated fasting plasma glucose, high blood pressure, abdominal obesity, low HDL cholesterol, and/or elevated plasma triglycerides (1). It is a condition that increases the risk of coronary heart disease, diabetes, stroke, and other serious health issues, also known as insulin resistance syndrome (2–4). Moreover, it is primarily characterized by insulin resistance, obesity, dyslipidemia, and hypertension (5). MetS and type 2 diabetes mellitus (T2DM) are closely related. Their main consequences in the general population increase the risks of cardiovascular disease (CVD), stroke, and death due to cardiovascular complications (6). On the other hand, T2DM is a specific metabolic disorder characterized by chronic hyperglycemia due to insulin resistance or insufficient insulin production (7). While individuals with MetS are at a higher risk of developing T2DM (4, 7).

Noncommunicable diseases, such as metabolic syndrome, have become a global epidemic and a serious public health concern as a result of modernization and industrialization (8). Recent evidence suggests that the elevation of metabolic syndrome has raised various thoughts and considerations within the scientific community. Patients with type 2 diabetes mellitus have a high risk for metabolic syndrome due to a combination of multifactorial risk factors (T2DM). Research findings indicate that metabolic syndrome (MetS) among individuals with diabetes is influenced by various risk factors, such as advanced age (9–13), urban residence (14, 15), cigarette smokers (14), lack of adequate meal plan (11, 14, 15), BMI (9, 11, 13, 16, 17), palm oil users (14, 15), physical inactivity (12, 13, 15, 18), waist circumference (19, 20), systolic blood pressure (14, 19–21), diastolic blood pressure (20, 21), triglyceride (19–21), low high-density lipoprotein (20, 21), family history of diabetes (9, 13, 17), gender (9, 11–13, 17–19, 22), hyperuricemia (12), cholesterol (12), and any chronic disease (13).

Globally, an estimated 25% of the general population and 70–80% of patients with type 2 diabetes (T2DM) have metabolic syndrome (MetS) (23). In Sub-Saharan Africa, the prevalence of MetS among T2DM patients is 59.62% (24), while in Ethiopia, it reaches as high as 70.1% (12, 13, 25). Several studies focusing on gender revealed that MetS was quite frequent, with the prevalence ranging from 7.9% to 43% in men and 7% to 56% in women (26). Similar to this, previous studies conducted in Ethiopia revealed that, depending on various diagnostic criteria, the prevalence of MetS in men and women ranged from 16–42% in men and 25–61% in women (13, 17, 18). Moreover, the prevalence reported in the most recent study remains inconsistent (12–15, 17, 18, 22, 25). One of the primary reasons for discrepancies in results between different studies is the absence of a common set of metabolic syndrome diagnostic guidelines. In addition, a recent meta-analysis of eight cross-sectional studies reported a prevalence of 64.49% and 52.38% using the NCEP/ATP III and IDF criteria, respectively (27). However, the recent meta-analysis utilized only two criteria and included eight articles, while the current meta-analysis incorporates four commonly used criteria for assessing metabolic syndrome. This review provides comprehensive, updated insights relevant to the Ethiopian population and scientific community, offering evidence-based guidance to inform health policymakers and develop targeted intervention strategies for the emerging health challenge of metabolic syndrome in type two diabetic mellitus patients.





Materials and methods

The current study was conducted based on the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (28). This study was conducted to pool the prevalence of metabolic syndrome among type 2 diabetes patients in Ethiopia.




Study selection

Articles were searched in the PubMed, EMBASE, and Cochrane Library databases from January 2023 to January 2024. The following search terms were used to identify relevant articles: “metabolic syndrome” OR “MS” OR “MetS” OR “insulin resistance syndrome” OR “MtS” AND “Type 2 diabetes mellitus” OR “T2DM” AND “Ethiopia.” Additionally, a manual search was conducted on the reference lists.





Study inclusion criteria

Studies were included in this meta-analysis based on the following criteria: (1) written in English; (2) original human studies; (3) study subjects were T2DM patients; (4) studies conducted in Ethiopia; (5) studies provided the prevalence of MetS.





The measurement used for MetS

The International Diabetes Federation (IDF) defines metabolic syndrome (MetS) as having a waist circumference (WC) > 80 cm for women and > 94 cm for men, plus two or more of the following: blood pressure (BP) ≥ 130/85 mmHg or on treatment, triglycerides (TG) ≥ 150 mg/dl or on treatment, and low HDL cholesterol (3). The advantage of using the IDF criteria lies in its incorporation of ethnicity-specific waist circumference thresholds, which enhances sensitivity to regional obesity variations. By emphasizing central obesity as a core criterion, the IDF criteria focus on a key factor closely linked to metabolic risks. However, a shortcoming of the IDF criterion is its mandatory central obesity requirement, which may exclude individuals with other MetS components.

The National Cholesterol Education Program’s Third Adult Treatment Panel defines MetS as having at least three of five risk factors: WC > 102 cm for men and > 88 cm for women, BP > 130/85 mmHg or on treatment, fasting blood glucose (FBG) ≥ 100 mg/dl or on treatment, TG ≥ 150 mg/dl or on treatment, and HDL < 40 mg/dl for men or < 50 mg/dl for women, or on treatment (3). The NCEP ATP III criteria are widely used, featuring clear cut-off points for each component and a simplified diagnostic method. However, the criteria are less sensitive to ethnic differences and rely on universal waist circumference thresholds, which may not accurately reflect obesity across diverse populations.

The 2009 harmonized criteria define metabolic syndrome as a cluster of three or more of the following five interrelated risk factors: triglycerides (TG) ≥ 150 mg/dl, HDL cholesterol < 40 mg/dl for men and < 50 mg/dl for women, blood pressure (BP) > 130/85 mmHg, fasting blood glucose (FBG) ≥ 100 mg/dl, and waist circumference (WC) > 94 cm for men and > 80 cm for women (29). The 2009 harmonized criteria for measuring Metabolic Syndrome enhance standardization and inclusivity, their complexity and potential for overdiagnosis can pose challenges in clinical application.

The World Health Organization (WHO) defines metabolic syndrome as impaired fasting glucose (IFG) > 100 mg/dl or impaired glucose tolerance (IGT), plus two of the following: abdominal obesity (waist-to-hip ratio > 0.9 in men or > 0.85 in women, or body mass index (BMI) > 30 kg/m²), triglycerides ≥ 150 mg/dl, HDL cholesterol < 40 mg/dl in men and < 50 mg/dl in women, blood pressure (BP) ≥ 140/90 mmHg, or microalbuminuria (urinary albumin secretion rate ≥ 20 μg/min or albumin-to-creatinine ratio ≥ 30 mg/g) (30). The WHO criteria provide a comprehensive approach to Metabolic Syndrome by requiring insulin resistance as a key component and assessing both clinical and biochemical markers for a holistic view of metabolic health. However, their reliance on complex testing for insulin resistance limits practicality for routine clinical screening, making them better suited for research or specialized settings.





Data extraction

TGC and HL independently extracted all relevant articles and identified eligible studies. Any disagreements during data extraction were resolved through discussion. The following information was extracted from each included study: first author, publication year, proportion of females, sample size, the average age of the participants in the study, components of MetS (abdominal obesity, elevated blood pressure, high triglycerides, low HDL cholesterol levels, and elevated fasting blood glucose), the prevalence of MetS, and the MetS criteria used in the study.





Quality assessment

In this study, the Newcastle-Ottawa Scale (NOS) was used to evaluate the quality of individual studies (31). It includes a set of items and assigns a maximum of nine stars to the following parameters: selection, comparability, exposure, and outcome. The quality of the study was classified based on the stars earned: five stars or less were considered low quality, six to seven stars were considered moderate, and eight stars or more were considered high quality.





Statistical analysis

Descriptive statistics, including the mean and standard deviation, were used. A DerSimonian-Laird random-effects meta-analysis was conducted (32) because we detected significant heterogeneity between the studies. Since prevalence values are always between 0 and 1, the prevalence of MetS in each study was transformed using the Freeman-Tukey double arcsine method, and the results were then converted back to prevalence estimates for interpretation. This transformation was applied to minimize the influence of small sample studies (33). The double arcsine transformation addresses issues such as confidence limits falling outside the 0-1 range and variance instability. The analysis was performed on the transformed proportions, using the inverse of the variance of the transformed proportion as the study weight (33).

Furthermore, subgroup analyses based on gender and diagnostic criteria were conducted. Heterogeneity across studies was assessed using Cochran’s Q-statistic test, and inconsistency was quantified using the I² statistic (34, 35). Funnel plots for visual inspection and Egger’s test were performed to detect any potential publication bias (36). A forest plot was used to present the estimated pooled prevalence of MetS and its subcomponents. All analyses were conducted using the R program (version 4.4.1; R Foundation for Statistical Computing, Vienna, Austria).






Results




Study characteristics

A flow chart summarizing the process of study selection is shown in Figure 1. Systematically searching for relevant studies, a total of 174 articles were identified from the electronic database search. Out of this, 35 articles were excluded due to duplicates and unrelated titles. After screening articles, 114 articles were excluded based on the title and abstract because of their irrelevance to our study aim. Twenty-four full-text articles were assessed for eligibility. Seven were excluded because the study subjects were not T2DM patients, two were review articles, three did not report the prevalence, two were excluded due to a case-control study design, and two studies used the same population data, the more recent study (12) included in this analysis and the older one (37) excluded. Finally, 9 articles with a total of 2,588 subjects were included in the final analysis (11, 13–15, 17, 18, 25) (Table 1). The participants’ average age was 51.88 years (SD: 3.84 years).




Figure 1 | Flow chart for study inclusion and exclusions.




Table 1 | Descriptive characteristics of all included studies.



The results of methodological quality assessment tools indicate that all nine articles had a moderate or above quality (11–15, 17, 18, 22, 25). Among the included studies, the highest prevalence of MetS was 70.5% based on 2009 harmonized criteria (12) and the lowest was 31.4% based on IDF (18). The characteristics of the studies selected for this meta-analysis are presented in Table 1.

Overall, the pooled prevalence of MetS in T2DM patients was 53% (95% CI: 47 - 58). Significant heterogeneity was observed across the included studies (P < 0.001, I2 = 92%, Figure 2). In subgroup analysis, the pooled prevalence of MetS in T2DM patients was 49% (95% CI: 43 - 56), 57% (95% CI: 47 - 67), 57% (95% CI: 43 - 71), and 44% (95% CI: 20-69) based on the IDF, NCEP-ATP II, 2009 harmonized, and WHO criteria, respectively (Figure 3). By gender, MetS was more prevalent in females (48%) than in males (32%) (Figure 4). Among the five defining components of metabolic syndrome (MetS), elevated blood pressure, increased triglyceride levels, and abnormal central obesity were the most frequently observed. These components were consistently prevalent across studies, underscoring their critical role in the diagnosis and risk assessment of MetS.




Figure 2 | Forest plot of the prevalence of metabolic syndrome in T2DM patients in Ethiopia.






Figure 3 | Forest plot of the prevalence of metabolic syndrome in T2DM patients in Ethiopia based on the metabolic syndrome measurement criteria.






Figure 4 | Forest plot of the prevalence of metabolic syndrome in T2DM patients based on gender.







Publication bias

The funnel plot visualization demonstrates that there was no asymmetry among the included studies (Figure 5). Additionally, no statistically significant evidence of publication bias was found using Egger’s test (P = 0.29).




Figure 5 | Funnel plot of publication bias, proportion versus standard error.








Discussion

This systematic review and meta-analysis aimed to determine the pooled prevalence of metabolic syndrome among type 2 diabetes mellitus patients in Ethiopia. A total of nine studies, involving 2,588 men and women, were included in the final analysis. The prevalence of MetS across these studies varied significantly, ranging from 31% to 70%. The highest prevalence of MetS was 70.5% based on 2009 harmonized criteria (12) and the lowest was 31.4% based on IDF (18). Several previous studies on metabolic syndrome have suggested that the wide variation in prevalence is largely due to differences in MetS definitions or measurement criteria (38–40), a report that is supported by the current study. Additionally, factors such as participant age, gender distribution, and the sampling design used in the studies may also contribute to these observed discrepancies.

We found that the pooled prevalence of MetS among type 2 diabetes mellitus patients was 53% (95% CI: 47-58), regardless of the diagnostic criteria used for metabolic syndrome. Our findings are consistent with those of previous systematic reviews and meta-analyses conducted in sub-Saharan countries (24), and a recent study in Ethiopia reported a prevalence of 64.49% (95% CI: 62.39–66.59) using the NCEP/ATP III criteria and 52.38% (95% CI: 50.05–54.73) using the IDF (27). Similarly, the review conducted in Europe suggested that the prevalence of MetS among T2DM patients ranged between 3% and 71.7% (41). However, our findings were higher than those of previous reviews in Africa, which reported a prevalence of 32.4% (10). This discrepancy could be explained by several factors, including variations in diagnostic criteria, differences in ethnicity, and potential cultural differences, which are considered significant factors in the general population (11, 13–15, 17, 18, 25, 42).

In the subgroup analysis, the highest prevalence of metabolic syndrome was 64.8% (95% CI: 54.74, 74.86) reported using the NCEP ATP III criteria (24). Consistently, in the current study, we found that the prevalence of metabolic syndrome was 57% using both the NCEP-ATP II and 2009 harmonized criteria. Our results align with those of Shiferaw et al., who similarly found higher and lower prevalence rates of MetS based on the NCEP-ATP II and WHO criteria, respectively (24). We also found that metabolic syndrome was more prevalent in females (48%) compared to males (32%). Consistent with our findings, several studies have suggested that MetS is about twice as highly prevalent in females compared with males (26, 43). The higher prevalence of MetS in women may be due to their increased rates of obesity and body mass index. Additionally, women tend to have a higher proportion of upper body adiposity and abdominal obesity, including fat deposition in the buttock, hip, and leg regions, which are more common in women than in men.

There are several limitations in our meta-analysis. First, individual studies used different diagnostic criteria to measure metabolic syndrome, which contributed to heterogeneity and variability in the findings across studies. This led to disparities in the pooled prevalence between IDF, NCEP ATP III, 2009 harmonized, and WHO diagnostic criteria. Second, all the included studies used small sample sizes, which may slightly affect the robustness of the MetS prevalence estimates. Third, most of the studies included in this meta-analysis were single-center and facility-based, potentially limiting their generalizability to the broader population of Ethiopia. Lastly, our analysis was based on observational studies, and future cohort prospective studies may be needed to confirm our findings.





Conclusions

This meta-analysis revealed that the prevalence of metabolic syndrome (MetS) among type 2 diabetic patients was 53%, with a higher prevalence observed in females compared to males (48% vs. 32%). Healthcare providers can play a crucial role in reducing the prevalence of MetS by implementing routine screening protocols, offering gender-specific interventions, and promoting awareness of lifestyle modifications. These strategies can effectively address the high prevalence of MetS among type 2 diabetic patients, ultimately improving patient outcomes and quality of life.
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