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											Abstract

											
												 
												Background: Chronic kidney disease (CKD) is a non-communicable disorder that causes a progressive decline in kidney function, leading to complications such as metabolic disorders that can increase the risk of heart diseases. Metabolic syndrome (MetS) is a significant global health issue characterized by a combination of factors like high blood pressure, central obesity, abnormal lipid levels, and elevated blood sugar levels. As such, this research conducted in Northwest Ethiopia sought to determine the prevalence of MetS and its related factors among CKD patients within the Ethiopian population.
												

												 
												Method: An institutional cross-sectional study was carried out at the renal clinic in FHCRH located in Bahir Dar, Ethiopia. Data collection was done through face-to-face interviews using a structured questionnaire. Blood pressure and anthropometric parameters were measured following standard procedures. Approximately 5 ml of serum was exploited for analyzing lipid profiles and fasting blood glucose levels using an automated chemistry analyzer. Statistical analysis of all data was conducted using the Statistical Package for the Social Sciences (SPSS) software version 25. A significance level of P < 0.05 was considered statistically significant.
												

												 
												Result: A total of one hundred CKD patients participated in the study, resulting in a response rate of 100%. The findings indicated that approximately 16.1% (95% CI: 8.02-27.67) of males and 21.1% (95% CI: 9.55-37.32) of females were found to have MetS, with an overall prevalence of around 18% (95% CI: 11.03-26.95). Analysis of the individual components of MetS revealed that most components were more prevalent in females, except for elevated fasting blood glucose, which was higher among males. The most common component among all participants was increased waist circumference (21%), while elevated triglycerides had the lowest prevalence at 14%.
												

												 
												Conclusion: In conclusion, this study underscores the significant prevalence of MetS among CKD patients in Northwest Ethiopia. It emphasizes the critical need for early detection, prevention, and effective management strategies for MetS in CKD patients, particularly those with a family history of these conditions and older age.
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										Introduction

										
											Globally, more than 750 million people are affected by chronic kidney disease (CKD), a non-communicable condition that results in a gradual deterioration of kidney function characterized by various indications of kidney damage. The decline in renal function is evaluated by lower estimated glomerular filtration rate (eGFR) levels, which are determined from serum creatinine levels using the CKD epidemiology collaboration (CKD-EPI) equation calculator [1-3]. Lower eGFR levels are crucial markers of CKD for diagnosis and categorization [4,5]. CKD is identified if either of the following criteria is met: (1) Persistent kidney damage for a minimum of 3 months, featuring structural or functional irregularities in the kidneys with or without reduced eGFR, abnormal blood or urine composition, kidney imaging, and biopsy; or (2) An eGFR level below 60 mL/min/1.73 m
											
												2
											
											 for at least 3 months, irrespective of other signs of kidney damage [6]. CKD is a significant contributor to poor health outcomes and mortality, primarily due to its link with a range of complications, notably with metabolic syndrome (MetS) that in turn leads to cardiovascular conditions [7,8].
										

										
											MetS is a growing global health concern that is increasingly linked to CKD. The prevalence of MetS is on the rise in regions such as the Middle East and sub-Saharan Africa [9,10]. MetS is characterized by a combination of disorders and risk factors for heart disease, including high blood pressure (BP), central obesity defined by waist circumference (WC), dyslipidemia, and fasting blood glucose (FBG) [11]. Studies have shown that all these components of MetS are significantly associated with CKD [9,12]. Individuals with CKD are more likely to have MetS due to metabolic imbalances [13]. Lifestyle choices and genetic factors also contribute to the development of MetS in CKD patients [14]. There is a clear connection between MetS and kidney damage [9], although the exact mechanism by which CKD leads to the occurrence of MetS components remains unclear. Factors such as high-calorie diets, poor nutrition, lack of physical activity, and obesity are common risk factors for MetS among CKD patients in developed and developing countries [15]. While CKD may contribute to the development of components of MetS [16], its impact on the individual components varies [9].
										

										
											Moreover, the lack of extensive data on the prevalence of MetS in individuals with CKD in Ethiopia is apparent, mainly due to the limited scope of research. This knowledge gap has spurred our interest in exploring the occurrence of MetS in CKD patients. Therefore, the main aim of this study is to ascertain the prevalence of MetS and associated factors among CKD patients in the Ethiopian population.
										

										Methods and Materials

										Study area, period, and design

										
											An institutional cross-sectional study was carried out at the renal clinic in FHCSH located in Bahir Dar Ethiopia, situated 560 kilometers northwest of Addis Ababa, from September to November 2020.
										

										Population

										
											A purposive non-probability sampling technique was applied to assess the prevalence of MetS among 100 CKD patients receiving treatment at the renal clinic during the study period. These patients were identified as chronically ill and presented with CKD [17].
										

										Eligibility criteria

										
											The study included CKD patients aged between 18 and 65 years who were diagnosed based on their eGFR levels and were actively receiving treatment at the renal clinic. Excluded from the study were patients with liver diseases, patients outside the age range of 18 to 65 years, pregnant women, and postpartum individuals.
										

										Study variables

										
											Socio-demographic characteristics, behavioral factors, anthropometric measurements, and clinical indicators were considered as independent variables, while MetS and its diagnostic criteria were treated as the dependent variable.
											
										

										Data collection

										
											Sociodemographic, medical, and related information was gathered through structured questionnaires administered via face-to-face interviews. Various data required for this study were collected using different methods as outlined below.
										

										Measurement of Blood Pressure (BP)

										
											BP was measured directly using a digital sphygmomanometer after the participant had been stabilized for 10 minutes. Two readings of BP were taken, and the average of these readings was used for analysis for each participant.
										

										Anthropometric measurements

										
											Anthropometric measurements including waist circumference, weight, and height were measured using standard equipment. WC was measured directly, and Body Mass Index (BMI) was calculated by dividing weight in kilograms by height in square meters using the formula: BMI = Weight (kg)/Height (m
											
												2
											
											). The calculated BMI values were then categorized according to the World Health Organization (WHO) guidelines as underweight (BMI < 18.5 kg/m
											
												2
											
											), normal weight (BMI 18.5-24.9 kg/m
											
												2
											
											), overweight (BMI 25.0-29.9 kg/m
											
												2
											
											), and obese (BMI > 30 kg/m
											
												2
											
											) [18].
										

										Laboratory tests

										
											Blood samples were obtained following an overnight fast of at least 8 hours to measure levels of FBG, triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C).
										

										Blood sample collection and laboratory analysis

										
											After obtaining informed consent, 5 ml of blood was collected from each participant and placed in a serum separator tube (SST). The blood sample was then centrifuged at 5,000 rpm for 5 minutes within 40 minutes to separate the serum. The separated serum was transferred to a Nunc tube using a micropipette and stored in a refrigerator at -70 °C until laboratory analysis. All biochemical parameters were analyzed according to the guidelines of the International Federation of Clinical Chemistry (IFCC) expert panel. The measurements were performed using a fully automated Roche Cobas
											
												®
											
											 C 502 Chemistry Analyzer [19].
											
										

										Data processing and statistical analysis

										
											Following data entry, coding, and cleaning, statistical analysis was conducted using Statistical Package for the Social Sciences (SPSS) software version 25.0. Categorical variables were reported as frequencies and percentages, while continuous variables were described using means and standard deviations (SD). Statistical significance was defined as p-values less than 0.05.
										

										Definition of CKD

										
											As previously stated, individuals are diagnosed with CKD if they meet one of the following criteria: (1) They exhibit kidney damage lasting at least 3 months, characterized by structural or functional abnormalities in the kidneys, with or without a decreased eGFR, abnormal blood or urine test results, abnormal kidney imaging findings, or biopsy results; or (2) They have a consistently decreased eGFR level (eGFR < 60 mL/min/1.73 m
											
												2
											
											) for a minimum of 3 months, regardless of other indicators of kidney damage [6].
										

										Definition of MetS

										
											Patients with CKD were assessed for MetS using the modified National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) [20]. According to the NCEP guidelines, individuals can be diagnosed with MetS if they exhibit three or more of the following conditions: (1) Central obesity (WC ≥ 94 cm in males and ≥ 80 cm in females); (2) TG level ≥ 150 mg/dL; (3) Reduced HDL-C < 40 mg/dL for males and < 50 mg/dL for females; (4) High BP (systolic BP ≥ 130 or diastolic BP ≥ 85 mmHg); (5) Elevated FBG levels ≥ 100 mg/dL.
										

										Results

										Sociodemographic and behavioral characteristics

										
											This study involved 100 participants diagnosed with CKD. Of these participants, 62 were male and 38 were female. The average ages of the male and female participants were 46.9 ± 13.45 and 41.5 ± 14.20 years, respectively. Approximately 51.6% of males and 65.8% of females were residents of urban areas. In terms of education, 65.8% of males had completed primary education, while 14.5% had completed secondary education. Similarly, 79% of males and 71.1% of females were not office workers. Regarding educational attainment, 36.8% of males were illiterate, while 7.9% of females had completed higher education. Additionally, 85.5% of males and 100% of females did not have a history of alcohol intake, and 90.3% of males and 100% of females did not have a history of cigarette smoking (Table 1).
										

										 
										
											
											
											Table 1: Density grades in male group. View Table 1
											

										

										

										Anthropometric parameters and BP in male and female participants

										
											In this study, the average BMI values for male participants were 21.14 ± 3.36 Kg/m
											
												2
											
											, while for female participants, it was 20.16 ± 3.39 Kg/m
											
												2
											
											. The mean SBP was 118.77 ± 10.73 mmHg for males and 117.92 ± 10.58 mmHg for females. Similarly, the mean DBP was 77.13 ± 9.02 mmHg for males and 76.76 ± 6.67 mmHg for females. Here, the study found that weight and height were statistically significantly correlated with the sex of the participants (Table 2).
										

										
										 
										
											
											
											Table 2: Density grades in female group. View Table 2
											

										

										

										Clinical characteristics of the study participants

										
											The study revealed that 11.3% of male participants and 13.2% of female participants reported a family history of CKD. Among the CKD patients in the study, approximately 16.1% of males and 21.1% of females were identified to have MetS. Additionally, a family history of MetS was reported by 6.5% of male participants and 13.2% of female participants (Table 3).
											
										

										
										 
										
											
											
											Table 3: Average range ratio of high frequency and low frequency in male group. View Table 3
											

										

										

										Magnitudes of MetS and its components among the study participants

										
											The data in the table below showed that the prevalence of MetS is higher in females [21.1% (95% CI: 9.55-37.32)] compared to males [16.1% (95% CI: 8.02-27.67)] with an overall prevalence of around 18% (95% CI: 11.03-26.95). Analysis of the individual components of MetS revealed that most components were more common in females than in males. However, elevated FBG was more prevalent in males (19.4%) than in females (10.5%). Among all participants, increased WC had the highest prevalence (21%), while elevated TG had the lowest prevalence (14%) (Table 4).
										

										
										 
										
											
											
											Table 4: Average range ratio of high frequency and low frequency in female group. View Table 4
											

										

										

										Comparison of factors of MetS among CKD patients with and without MetS

										
											The table below demonstrated that the prevalence of all recognized components of MetS was significantly higher in CKD patients with MetS compared to those without MetS. The prevalence of hypertension (HTN), increased WC, elevated TG, decreased HDL-C, and elevated FBG in participants with MetS were 77.8%, 94.4%, 77.8%, 72.2%, and 50%, respectively (p < 0.001 for all components) (Table 5).
										

										
										 
										
											
											
											Table 5: Average value of energy in male group. View Table 5
											

										

										


									
										
											Furthermore, this study revealed that age group, occupational status, BMI, and family history of MetS were significantly linked to the occurrence of MetS. Individuals aged 56-65 years-old had a higher prevalence of MetS at 29.6%, while those who were overweight (75%) and obese (100%) exhibited a greater magnitude of MetS. Besides, the prevalence of MetS was significantly higher (72.2%) among participants engaged in office work compared to non-office workers. Furthermore, individuals with a family history of MetS had a substantially higher prevalence of MetS (55.6%) compared to those without a history of MetS (14.3%) (Table 6).
										

											 
										
											
											
											Table 6: Average value of energy in female group. View Table 6
											

										

										

										Analysis of MetS factors using binary and logistic regression

										
											The results presented in the table below confirmed that HTN [AOR: 95% CI: 0.004 (0-0.034)], increasing WC [AOR: 95% CI: 0.003 (0-0.029)], decreased levels of HDL-C [AOR: 95% CI: 0.01 (0.002-0.055)], and elevated FBG [AOR: 95% CI: 0.093 (0.028-0.312)] were statistically significantly associated with MetS when analyzed using binary logistic regression. Subsequently, these variables were included in a multivariable logistic regression model to determine if they were independent predictors of MetS, assessed by adjusted odds ratios (AOR) with 95% confidence intervals.
										

										
											The results of the multivariable logistic regression revealed that only an increased WC and decreased HDL-C levels remained statistically significant predictors of MetS. Specifically, the study showed that CKD patients with elevated WC were more likely to have MetS compared to CKD patients with normal WC [AOR: 95% CI: 0.029 (0.002-0.545)]. Similarly, CKD patients with lower HDL-C levels were at higher risk of developing MetS compared to those with higher HDL-C levels [AOR: 95% CI: 0.052 (0.003-0.841)] (Table 7).
										

										
										 
										
											
											
											Table 7: Histogram of parenchyma of healthy lungs in male group. View Table 7
											

										

										
										Discussion

										
											CKD has various concurrent medical conditions. One such condition is MetS, that can lead to cardiovascular complications in CKD patients [7,8]. It is important for healthcare providers to regularly monitor CKD patients for MetS and its components in order to detect any concomitant diseases early on. Previous researches have shown a significant relationship between MetS and CKD [9,12], with CKD patients being more likely to have MetS due to lifestyle choices and genetic factors [14] that contribute to metabolic imbalances [13]. While the exact mechanism linking CKD and MetS is not fully understood, there is a strong association between the two conditions.
											
												9
											
											Factors like poor nutrition, lack of physical activity, and obesity are common risk factors for MetS among CKD patients both in developed and developing countries including Ethiopia [15]. Besides, there is a lack of concrete data signifying the consequence of CKD on the magnitude of MetS in Ethiopia, due to limited full-fledged study. This alarms us to assess the magnitude of MetS and its contributing factors among CKD patients in Ethiopia.
										

										
											The aim of this study was to determine the prevalence of MetS and its associated factors among CKD patients. The study found that the prevalence of MetS was higher in females (21.1%, 95% CI: 8.09-34.01) compared to males (16.1%, 95% CI: 6.97-25.28), which is consistent with a previous study conducted among working adults in Eastern Ethiopia [21,22]. The higher magnitude of MetS in females than males is more likely due to a combination of biological, hormonal, and lifestyle factors. The overall magnitude MetS among the participants was 18% (95% CI: 10.47-25.53) which aligns with other previous studies conducted in Ethiopia among different populations [21,23,24]. The finding of this study is also consistent with the finding of the study conducted in Sudan that found MetS was higher (19%) which is almost similar with our finding [10].
										

										
											However, our study found a higher overall prevalence of MetS compared to a national survey in Ethiopia, possibly due to a larger proportion of rural participants in the survey [22]. On the other hand, the finding of this research showed that the prevalence of MetS is lower than the pooled prevalence of MetS in Ethiopia found by the systematic review and meta-analysis [25]. The difference might be due to the inclusion of many and different studies in that review. Likewise, this study found that the prevalence of MetS among CKD patients was lower compared to a previous study in Thailand that focused on hypertensive CKD patients, possibly due to differences in the study participants' health conditions (being hypertensive) [26].
										

										
											When we assessed the components of MetS, the study results suggest that HTN, higher WC, lower levels of HDL-C, and elevated FBG are significantly linked to MetS (p < 0.05) based on binary logistic regression analysis. These factors were subsequently assessed in a multivariable logistic regression model to determine their individual predictive value for MetS, as shown by adjusted odds ratios (AOR) with 95% confidence intervals. The analysis revealed that only increased WC [p = 0.018, AOR = 0.029 (95% CI: 0.002-0.545)] and decreased HDL-C levels [p = 0.037, AOR = 0.052 (95% CI: 0.003-0.841)] remained as statistically significant predictors of MetS. Specifically, the study found that CKD patients with higher WC were more likely to have MetS compared to those with normal WC. This reflection is supported by various previous studies, including a research conducted in Sudan specifically among CKD patients [10,21,27]. Similarly, CKD patients with lower HDL-C levels were at a higher risk of developing MetS compared to those with higher HDL-C levels, aligning with findings from studies conducted in different countries [10,21,27].
										

										
											Evaluation of the individual components of MetS showed that most components were more frequently observed in females compared to males. However, elevated FBG was more common in males (19.4%) than in females (10.5%). Among all participants, increased WC had the highest prevalence (21%), while elevated TG had the lowest prevalence (14%). Our results are consistent with a previous study conducted in Ethiopia, which reported that WC had the highest prevalence and dyslipidemia had the lowest prevalence [27]. However, our findings differ from a study conducted in Sudan, which found that HTN was highly prevalent and high WC had a lower prevalence [10]. The incongruity might be due to the difference in the population under the study.
										

										
											Additionally, this study identified several contributing factors to the development of MetS among CKD patients. The research revealed a significant correlation between age group, occupational status, BMI, and family history of MetS with the severity of MetS (p < 0.001 for all factors). These findings align with previous studies, such as one conducted in Eastern Ethiopia on MetS among working adults, which demonstrated an increase in MetS prevalence with age [21,28]. Furthermore, a study in Malaysia also indicated that advancing age was linked to a higher prevalence of MetS [29]. Additionally, other studies have reported a connection between a family history of MetS and the development of MetS, consistent with the results of our study [28,30-32].
										

										Strength and Limitation of the Study

										
											The study's key strength lies in its originality, as it sheds light on the prevalence and risk factors of MetS among CKD patients. This serves as a foundational reference for future in-depth investigations. However, the study encountered certain limitations. Firstly, financial constraints hindered sample collection at FHCSH, restricting the study to only 100 participants. Consequently, this limited sample size may not fully represent the entire CKD population in Ethiopia. Furthermore, the study's cross-sectional design prevented the observation of prospective trends, thereby impeding the establishment of causal relationships between various factors examined.
										

										Conclusion

										
											In conclusion, this study confirms that MetS poses a significant health threat to CKD patients in Ethiopia. Consequently, individuals with CKD face an elevated risk of developing cardiovascular complications that can lead to premature mortality. Among CKD patients, various factors contribute to the development of MetS, including its individual components, age, occupation, BMI, and a family history of MetS. Therefore, healthcare providers should implement tailored interventions for high-risk CKD patients to mitigate the risk of cardiovascular complications.
										

										Ethical Approval and Consent to Participate

										
											Prior to commencing data and sample collection, ethical clearance was obtained from the Research Ethical Committees of the Biochemistry Department at Addis Ababa University, College of Health Sciences. Additionally, an official collaboration letter was obtained from the Department of Biochemistry for data collection and analysis. Written informed consent was obtained from each eligible study participant, and all ethical principles were strictly adhered to throughout the study.
										

										Funding

										
											The study was funded by Addis Ababa University.
										

										Conflict of Interest

										
											No conflict of interest was reported by the authors.
										

										Availability of Data and Materials

										
											The datasets used and/or analyzed during the present study are available from the corresponding author on reasonable request.
										

										Author Contributions

										
											All authors had a significant contribution to this study, whether that is in the conception, study design, execution, acquisition of data, analysis, and interpretation, or in all these areas. They took part in drafting, revising, or critically reviewing the article; gave final approval of the manuscript to be published; have agreed on the journal to which the article has been submitted, and are accountable for all aspects of the work.
											
										

										Acknowledgments

										
											We would like to express our wholehearted gratitude to Addis Ababa University for its supports for this study. We are also grateful to FHCSH and the EPHI for their collaboration in data collection and laboratory analysis. Lastly, we would like to acknowledge the patients participated in the study, data collectors, and laboratory professionals for their precious support.
										



										References


										
										 
										 
										  
										 
											
											
												Coresh J, Astor BC, McQuillan G, Kusek J, Greene T, et al. (2002) Calibration and random variation of the serum creatinine assay as critical elements of using equations to estimate glomerular filtration rate. Am J Kidney Dis 39: 920-929.
											
										


											
										   
											Eknoyan G, Lameire N, Kasiske BL, Jadoul M, Jenkins S, et al. (2013) KDIGO 2012 clinical practice guideline for the evaluation and management of chronic kidney disease. Kidney International Supplements. 3.
										  
										


											
										   
											National Kidney Foundation (2014) Frequently Asked Questions about GFR Estimates 2014.
										  
										


											
											
												Gansevoort RT, Matsushita K, Van Der Velde M, Astor BC, Woodward M, et al. (2011) Lower estimated GFR and higher albuminuria are associated with adverse kidney outcomes. A collaborative meta-analysis of general and high-risk population cohorts. Kidney Int 80: 93-104.
											
										


											
											
												Mwenda V, Githuku J, Gathecha G, Wambugu BM, Roka ZG, et al. (2019) Prevalence and factors associated with chronic kidney disease among medical inpatients at the Kenyatta National Hospital, Kenya, 2018: A cross-sectional study. Pan Afr Med J 33: 321.
											
										


											
											
												Hogg RJ, Furth S, Lemley KV, Portman R, Schwartz GJ, et al. (2003) National Kidney Foundation’s kidney disease outcomes quality initiative clinical practice guidelines for chronic kidney disease in children and adolescents: Evaluation, classification, and stratification. Pediatrics 111: 1416-1421.
											
										


											
											
												Sarnak MJ, Levey AS (2000) Cardiovascular disease and chronic renal disease: A new paradigm. Am J Kidney Dis 35: 117-131.
											
										


											
											
												Bello AK, Alrukhaimi M, Ashuntantang GE, Basnet S, Rotter RC, et al. (2017) Complications of chronic kidney disease: Current state, knowledge gaps, and strategy for action. Kidney Int Suppl (2011) 7: 122-129.
											
										


											
											
												Lu MC, Chen IJ, Hsu LT, Chen YJ, Tsou MT, et al. (2021) Metabolic risk factors associated with chronic kidney disease in a middle-aged and elderly Taiwanese population: A cross-sectional study. Front Med 8: 748037.
											
										


											
											
												Noor SK, Hamid S, Abdelgeyoom AE, Elsayed A, Ibrahim M, et al. (2022) The prevalence of metabolic syndrome among adult patients with chronic kidney disease: An overlooked problem in Sudan. Journal of Public Health and Emergency 6: 13.
											
										


											
											
												Alberti KGMM, Zimmet P, Shaw J, IDF Epidemiology Task Force Consensus Group (2005) The metabolic syndrome: A new worldwide definition. Lancet 366: 1059-1062.
											
										


											
											
												Raikou VD, Gavriil S (2018) Metabolic Syndrome and Chronic Renal Disease. MDPI 6: 1-12.
											
										


											
											
												Hou N, Luo C, Lin G (2022) Editorial: The link between metabolic syndrome and chronic kidney disease: Focus on diagnosis and therapeutics. Front Endocrinol 13: 1030497.
											
										


											
											
												Ramli AS, Daher AM, Nor-ashikin MNK, Mat-nasir N, Keat NgK, et al. (2013) JIS definition identified more Malaysian Adults with Metabolic Syndrome Compared to the NCEP-ATP III and IDF Criteria. Biomed Res Int 2013: 760963.
											
										


											
										   
											Lee J, Stefan Ma, Heng D, Tan CE, Chew SK, et al. (2007) Should Central Obesity Be an Optional or Essential Component of the Metabolic Syndrome?: Ischemic heart disease risk in the Singapore Cardiovascular Cohort Study. Cardiovascular and Metabolic Risk 30: 6-10.
										  
										


											
											
												Xavier NP, Chaim RC, Gimeno SGA, Ferreira SRG, Hirai AT, et al. (2010) Prevalence of metabolic syndrome in Japanese-Brazilians according to specific definitions for ethnicity. Metab Syndr Relat Disord 8: 143-148.
											
										


											
											
												Garimella PS, Uhlig K (2013) Current issues in the management and monitoring of hypertension in chronic kidney disease. Curr Opin Nephrol Hypertens 22: 599-606.
											
										


											
										   
											WHO (2017) WHO steps survilance mannual. WHO STEPwise approach to surveillance- Q-by-Q Guide v.3.2.
										  
										


											
										   
											Roche Cobas® C 502. (2020) Chemistry Analyzer for liver enzymes and bilirubin to IFCC without pyridoxal phosphate activation: Order information 14. 0: 1-4.
										  
										


										

											
											
												Moy FM, Bulgiba A (2010) The modified NCEP ATP III criteria maybe better than the IDF criteria in diagnosing Metabolic Syndrome among Malays in Kuala Lumpur. BMC Public Health 10: 678.
											
										


											
											
												Motuma A, Gobena T, Roba KT, Berhane Y, Worku A (2020) Metabolic syndrome among working adults in Eastern Ethiopia. Diabetes Metab Syndr Obes 13: 4941-4951.
											
										


											
											
												Gebreyesce YF, Goshu DY, Geletew TK, Argefa TG, Zemedu TG, et al. (2018) Prevalence of high blood pressure, hyperglycemia, dyslipidemia, metabolic syndrome and their determinants in Ethiopia: Evidences from the National NCDs STEPS Survey, 2015. PLoS One 13: e0194819.
											
										


											
											
												Tran A, Gelaye B, Girma B, Lemma S, Berhane Y, et al. (2011) Prevalence of metabolic syndrome among working adults in Ethiopia. Int J Hypertens 2011: 193719.
											
										


											
											
												Ayogu RNB, Nwajuaku C, Udenta EA (2019) Components and risk factors of metabolic syndrome among rural Nigerian workers. Niger Med J 60: 53-61.
											
										


											
											
												Ambachew S, Endalamaw A, Worede A, Tegegne Y, Melku M, et al. (2020) The Prevalence of metabolic syndrome in Ethiopian Population: A systematic review and meta-analysis. J Obes 2020: 2701309.
											
										


											
											
												Kittiskulnam P, Thokanit NS, Katavetin P, Susanthitaphong P, Srisawat N, et al. (2018) The magnitude of obesity and metabolic syndrome among diabetic chronic kidney disease population: A nationwide study. PLoS One 13: e0196332.
											
										


											
										   
											Hamza L, Solomon S, Worku B, Getachew S, Mohammed L, et al. (2020) Magnitude of metabolic syndrome and associated factors among renal transplant recipients: Experience From A New Center, Addis Ababa 1.
										  
										


											
											
												Birarra MK, Gelayee DA (2018) Metabolic syndrome among type 2 diabetic patients in Ethiopia: A cross-sectional study. BMC Cardiovasc Disord 18: 149.
											
										


											
											
												Iqbal SP, Ramadas A, Fatt QK, Shin HL, Onn WY, et al. (2020) Relationship of sociodemographic and lifestyle factors and diet habits with metabolic syndrome (MetS) among three ethnic groups of the Malaysian population. PLo S One 15: e0224054.
											
										


											
											
												Das M, Pal S, Ghosh A (2012) Family history of type 2 diabetes and prevalence of metabolic syndrome in adult Asian Indians. J Cardiovasc Dis Res 3: 104-108.
											
										


											
											
												Pyykkonen AJ, Räikkönen K, Tuomi T, Eriksson JG, Groop L, et al. (2010) Stressful life events and the metabolic syndrome: The Prevalence, Prediction and Prevention of Diabetes (PPP) - Botnia Study. Diabetes Care 33: 378-384.
											
										


											
											
												Ford ES, Kohl HW, Mokdad AH, Ajani UA (2005) Sedentary behavior, physical activity, and the metabolic syndrome among U.S. adults. Obes Res 13: 608-614.
											
										



										



 

										

	


