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Introduction

Metabolic Syndrome (MetS), known as ‘Syndrome X’ is a 
constellation of interrelated risk factors of metabolic origin 
that increase the risk of atherosclerotic cardiovascular disease. 
It has been associated with markers of chronic kidney disease 
such as reduced glomerular filtration rate, proteinuria and/or 
microalbuminuria, and histological features such as tubular at-
rophy and interstitial fibrosis [1,2].

Three criteria have been proposed for diagnosis of MetS 
which include WHO, NCEP-ATP III and IDF criteria (Figure 2).

Out of the three criteria for diagnosis of MetS, the NCEP-ATP 
III criteria has been deemed useful in clinical setting. The modi-
fied NCEP-ATP III criteria take into consideration the phenotypic 
characters of the Indian population, where the cut off for waist 
size of men is 90 cm and women is 80 cm.

The etiological role of MetS in Chronic Kidney Disease (CKD) 
is unclear. Studies on the association of CKD with Mets have 
been documented in the western population, however there is 
paucity of literature in the Indian population.

Metabolic syndrome has been associated with derangement 
of glucose and lipid metabolism in conjunction with hyper-
tension and obesity. Factors that exacerbate these underlying 
mechanisms include age, genetic makeup and sedentary life-
style in combination with salty food consumption. An additional 
risk factor is the prototypical Indian phenotype with high body 
fat percentage in spite of a low Body Mass Index (BMI) and high 
waist hip ratio with low lean body mass. Taking this into account 
a modified diagnostic criterion has been devised specifically for 
Asians [4].

This study aims to determine the prevalence of metabolic 
syndrome in CKD patients in a South Indian population, and as-
sess the correlation between the CKD and Metabolic Syndrome 
using the NCEP-ATP III criteria. We also aim to study the associa-
tion of demographic details such as age, gender, BMI with CKD 
and MetS, in an Indian context. Patients with CKD who present-
ed to the Outpatient department at Kasturba Hospital, Manipal, 
Karnataka, India was recruited, over a period of two months.

Review of Literature

The association of cardiovascular events with MetS has been 
known for a long time, however its relationship with renal in-
volvement is only currently being studied. The plausible mecha-
nisms which have been documented include insulin resistance 
and oxidative stress, increased pro-inflammatory cytokine pro-
duction, increased connective tissue growth and pro-fibrotic 
factor production, increased micro vascular injury, and renal 
ischemia [1] (Figure 2).

Figure 1: Different criteria for diagnosis of metabolic syndrome 
[3].
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A recent meta-analysis showed that the different compo-
nents in metabolic syndrome negatively affect the kidney in 
different proportions in terms of proteinuria, and their effects 
are hypertension, hypertriglyceridemia, low HDL, abdominal 
obesity, and impaired glucose intolerance in decreasing order 
respectively [6].

A longitudinal analysis by Fox et al in the Framingham Off-
spring Study cohort, with 2585 participants, over a mean fol-
low up of 19 years revealed that new-onset of chronic kidney 
disease was associated with hypertension, low HDL levels and 
diabetes [7].

A population-based study in South Korea conducted by Evan-
gelista et al revealed that general obesity and abdominal obesi-
ty were more prevalent in patients with CKD compared to those 
without CKD; and that prevalence of obesity was significantly 
associated with earlier stages of CKD [8].

A study by Bakhshayeshkaram et al based in Shiraz, Iran indi-
cated a strong association between CKD and MetS in the Iranian 
population. This was analyzed by a logistic regression model, to 
determine the adjusted odds ratios. In their study the adjusted 
ORs (95% CI) of developing CKD was 1.189 (0.554 - 2.555), 2.025 
(0.990 - 4.141) and 4.769 (2.413 - 9.424) as the number of risk 
factors increased from 1 to ≥ 3. Individuals with hypertension 
and abdominal obesity had a higher OR of increased susceptibil-
ity to CKD in multivariate analysis. The authors recommended 
that individuals with metabolic risk factors should be detected 
earlier and undergo multidisciplinary interventions to prevent 
the development of CKD [9].

A 5-year prospective analysis of the Hong Kong Diabetes Reg-
istry by Luk et al revealed a multivariable- adjusted Hazard Ratio 
(HR) of CKD was 1.31 (95% CI 1.12–1.54, P = 0.001) for subjects 
with metabolic syndrome compared with those without meta-
bolic syndrome [10]. Kitiyakara et al conducted a cross- section-
al study in a South East Asian cohort, with a 12-year follow up 
which also revealed a positive relationship between presence 
of metabolic syndrome and development of CKD. In their study, 
participants with selected combination of risk factors had an 
8-to 12-fold higher risk of prevalence of CKD. The OR of CKD 
prevalence with these combinations was 1.5- to fourfold higher 
than when these components are considered individually or 
nearly twofold higher than those with metabolic syndrome by 
NCEP ATP III definition [11].

Aims and Objectives

The aims and objectives of this study are:

• To determine the prevalence of metabolic syndrome in 
patients with chronic kidney disease.

• To elucidate association of the stages of CKD with vari-
ous diagnostic criteria for Metabolic Syndrome

• To correlate non-modifiable parameters such as age 
and BMI with modified NCEP- ATP III diagnostic criteria

• To study the association of MetS with cardiovascular 
events.

Material and Methods

Study Design

This is a record based cross sectional study.

Participants

The participants include patients who had been diagnosed 
with CKD between the age of 30 and 80 years.

Definition of Chronic Kidney Disease

CKD is defined as kidney damage or Glomerular Filtration 
Rate (GFR) <60 mL/min/1.73 m2 for 3 months or more, irrespec-
tive of the cause [11].

Definition of Metabolic Syndrome

As per NCEP-ATP III criteria for Asians [4]

1. Serum Triglyceride (TG) level >150 mg/dl or specific 
treatment for this lipid abnormality,

2. Serum High Density Lipoprotein (HDL) cholesterol level 
<40 mg/dl in men or <50 mg/dl in women or specific treatment 
for this lipid abnormality,

3. Systolic blood pressure more than 130 mmHg and dia-
stolic blood pressure more than 85 mmHg or use of antihyper-
tensive medication,

4. Fasting plasma glucose level >100 or use of anti-dia-
betic medication

5. Waist girth >90 cm for men >80 cm for women (modi-
fied NCEP- ATP III criteria for Asians) Those fulfilling at least 3 
out of 5 criteria were diagnosed with metabolic syndrome.

Sample Size

233 patients were recruited for the study however only 194 
patients satisfied the inclusion criteria.

Inclusion Criteria: All patients diagnosed with CKD of both 
genders, between the ages of 30-80 years.

Exclusion Criteria: All cases of acute glomerulonephritis and 
acute kidney disease were excluded. All CKD patients below 30 
years or above 80 years.

Study Method

All patients who had been diagnosed with CKD were evalu-
ated for Metabolic Syndrome, according to the modified NCEP- 
ATP III criteria for Asians. The frequency of CKD patients suffer-
ing from Metabolic Syndrome and the number of parameters of 
MetS criteria satisfied (3/5, 4/5 or 5/5) was be noted.

Figure 2: Potential pathways by which obesity leads to the develop-
ment of chronic kidney disease. CKD: Chronic Kidney Disease; DM: 
Diabetes Mellitus; ESRD: End-Stage Renal Disease; GFR: Glomeru-
lar Filtration Rate; RAS: Renin– Angiotensin– Aldosterone System; 
TGF-β: Transforming Growth Factor Beta [5].
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The association between the number of parameters satisfied 
and the stage of CKD was studied. Other parameters included 
were history of dialysis and history of cardiovascular events 
(stroke, Myocardial Infarction). An association of demographic 
details and MetS with cardiovascular events such as myocardial 
infarction and stroke and between obesity and CKD was studied.

Data Collection

The data of the subjects with CKD was collected from the 
medical records at the outpatient clinic in the Department of 
Nephrology, KH, Manipal.

Procedure

At the time of visit, the subjects’ waist-girth measurement 
was taken after obtaining a written informed consent. The infor-
mation obtained from the records included age, gender, stage 
of CKD, history of dialysis, history of diabetes/impaired glucose 
tolerance, type of diabetic medication, history of hypertension, 
HDL levels, TG levels and history of cardiovascular events.

Confidentiality: All data was coded and kept confidential.

Statistical tools: Data was entered in Microsoft Excel 2013, 
and exported to SPSS 16.0 for Windows (SPSSTM Inc., Chicago, 
IL, USA) for analysis. Descriptive statistics, namely frequencies 
and percentages, were calculated for categorical data. Continu-
ous variables were analyzed and presented as mean +/- SD. Chi 
square test was done to study the association between risk fac-
tors and the outcome. A p value of <0.05 was considered to be 
significant. Odds ratio was calculated for risk factors with a 95% 
Confidence Interval l (CI).

Ethical consideration: The study commenced after obtaining 
permission from the Institutional Ethics Committee of Kasturba 
Hospital, Manipal (IEC 448/2019) and CTRI.

Observations and Results

This study was conducted during a period of 2 months from 
June15 – August 15, 2019. The data of 233 CKD patients was 
collected on an outpatient basis. After careful evaluation of the 
medical records, 194 patients were deemed fit for the study 
due to complete availability of data and fulfillment of the inclu-
sion criteria.

Demographic features of study population

The ages ranged between 30-80 years with a median age of 
59 years (Figure 4)

159 males and 35 females were included in the study, the 
male to female ratio was 4.54:1.

Prevalence of Metabolic syndrome

Prevalence of Metabolic syndrome amongst the CKD patients 

was 55.2%, with 107 out of 194 patients fulfilling 3 or more of 
modified NCEP-ATP III Criteria. Out of 194 patients, 99(51%) had 
stage 5 CKD disease. Out of 107 patients, 1.9% had stage 2 CKD, 
28% had Stage 3 CKD and 21.5% had Stage 4 CKD, 48.6% had 
Stage 5 CKD. Out of 87 patients who did not have MetS, 1.10% 
had Stage 2 CKD, 23.00% had Stage 3 CKD, 21.8% had stage 4 
CKD, and 54% had stage 5 CKD (Figure 6).

Number of patients with CKD and components of MetS

107 patients with CKD were diagnosed to have Metabolic 
Syndrome as per NCEP-ATP III criteria. Among these, 50 pa-
tients (46.73%) satisfied 3 out of 5 components of the criteria 
for MetS. 87 patients with CKD did not satisfy the MetS crite-
ria. Within the population without Metabolic Syndrome, 45 pa-
tients (51.72%) satisfied 2 components for diagnosis of Meta-
bolic Syndrome (Figure 7)

Association and Correlation between MetS components 
and CKD stages

All (194) patients were categorized into 5 groups based on 
the number of criteria satisfied for MetS (Figure 8) and the 
stage of CKD within each group was analyzed, but there was 
NO statistically significant association (p=0.789) Spearman’s rho 

Figure 3: Age distribution.
Figure 4 Gender distribution.

Figure 5: CKD stages among patients with and without MetS.

Figure 6: Number of Components of MetS with CKD.

Figure 7: Stages of CKD in patients and number of components of 
MetS.
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correlation coefficient was 0.795. Hence, NO significant correla-
tion was established between stages of CKD and MetS criteria.

Prevalence of various components of MetS with CKD

Among 194 patients, hypertension was the most common 
criteria in majority of the patients (81.96%), followed by ab-
dominal obesity (65.46%) and Diabetes (48.45%). There was NO 
significant gender difference with respect to the MetS criteria 
(Figure 9).

CKD Patients on Dialysis with and without MetS

A total of 80 patients in the study were on dialysis. Out of 
which, 37.14% of CKD patients with Metabolic Syndrome were 
on dialysis, compared to 42.68% of CKD patients without Meta-
bolic Syndrome (Figure 9).

Association between Demographic features, MetS and CKD 
All patients were categorized into 3 groups based on age. Group 
I: 30-45 years, Group II: 45-60, Group III: 60-80.

NO significant association was seen between Age and CKD 
stage (p>0.05). However, a significant association was seen be-
tween Age and CKD categories in patients without metabolic 
syndrome (p=0.028) NO significant association was seen be-
tween gender and metabolic syndrome.

The BMI was calculated for each patient, and the patients 
were categorized into 4 groups as per WHO criteria:

I Underweight: <18.5 II Normal Range: 18.5-24.9 III Over-
weight: 25.0-29.9 IV Obese: >=30.0

A significant association was seen between BMI and CKD 
stages in the overall population and the group of patients with-
out MetS (Figure 10).

Association between Cardiovascular events, MetS and CKD

There was a significant association (p=0.015) between Car-
diovascular events and MetS with CKD (Odds Ratio of 2.195 
(1.176-4.097) at 95% CI). The prevalence of cardiovascular 
events in CKD patients with MetS was 40.75% when compared 
to patients without MetS (25%) (Figure 11).

Discussion

Metabolic syndrome is a global health concern which is fre-
quently diagnosed at later stages particularly in India, when 
complications arise. The prevalence of MetS in the Indian popu-
lation was studied by Harikrishnan et al and shown to be 24%, 
after standardization for age and adjustment for sex and urban- 
rural distribution in Kerala [12]. In a multiracial study done in 
the UK by Tillin et al., 29% of South Asian men and 32% of wom-
en had MS compared to 18% of white men and 14% of women 
with South Asians having a 50% to 100% higher prevalence of 
MetS [13].

In this study, the overall prevalence of metabolic syndrome 
among the CKD patients was 55.2%, with 107 out of 194 pa-
tients fulfilling 3 or more of modified NCEP-ATP III Criteria. A 
similar study in North Indian in renal transplant patients by Ba-
nerjee et al revealed a prevalence of MetS in 34% of the pa-
tients with CKD [14].

A review of literature showed studies documenting the as-
sociation between MetS and CKD, however further studies are 
required to establish the causality. Each component of MetS has 
been associated with both incidence and progression of CKD 
and share a complex, bidirectional relationship. [1]. In our study, 
there was no significant association between MetS and stages 
of CKD. Within the population diagnosed with MetS as per the 
NCEP-ATP III criteria, majority of the patients (46.73%) satisfied 
3 out of 5 criteria. In the group without MetS, 51.72% satisfied 
only 2 criteria for diagnosis. Chen et al, analyzed 7800 partici-
pants with a follow up period of 21 years, found that the risk of 
CKD increased with the number of MetS components (Odds ra-
tio (OR) of 1.89) in adults with one MetS component to 5.85OR 
in adults with all five components. The risk of microalbuminuria 
among adults with MetS was double when compared to adults 
without MetS. The risk of microalbuminuria also increased in a 
step-wise fashion with the number of MetS components [15]. A 
study by Mendy et al among African American adults revealed a 
multivariable adjusted Odds ratio of 2.57, 3.64, 5.85, 6.82, 9.89 
of developing CKD with 1, 2, 3, 4 and 5 components of meta-
bolic syndrome respectively [16] In this study, the population 
included only patients with CKD patients and normal popula-
tion was not included.

Figure 8: Prevalence of CKD on Dialysis with and without MetS.

Figure 9: Association of demographic features with CKD and MetS.

Figure 10: Prevalence of cardiovascular events in CKD patients 
with and without MetS.
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In our study, hypertension, (81.96%), abdominal obesity 
(65.46%) and diabetes (48.45%) were the most common preva-
lent components. This is in agreement with the general trend 
of non-communicable diseases in India, which has the highest 
incidence of diabetes and hypertension in the world. It is fore-
told that India will face a catastrophic CKD/End-Stage Renal Dis-
ease (ESRD) burden, with 25–40% of its population being at risk 
[17]. The rising prevalence of abdominal obesity in India also 
poses a major public health problem, with 30-65% of the adult 
urban population being overweight or obese [18]. A community 
based cross-sectional study by Undavalli et al revealed a central 
obesity prevalence of 71.2% within Andhra Pradesh [19]. Vari-
ous other studies done in the Indian population has revealed a 
high prevalence of abdominal obesity as compared to general 
obesity [20–22].

There is paucity of literature regarding association of MetS 
in CKD patients on dialysis. Alshelleh et al noticed a significantly 
lower prevalence of MetS (34%) among renal transplant pa-
tients compared to those on dialysis (55.7%; P=0.016) [23]. In a 
study by Alswat et al in Saudi Arabia, a high prevalence of MetS 
(38.2%) was noted in patients on hemodialysis [24]. However, in 
our study, there was a low prevalence of MetS among patients 
on dialysis. (37.14% versus 42.68% without dialysis).

In this study, there was a significant association between 
increasing BMI and stages of CKD within the total CKD popu-
lation (p=0.03) and within the population without Metabolic 
syndrome (p<0.001). In a multiracial population study by Hsu 
et al, they examined the association between BMI and risk of 
incident ESRD, and noted that patients who were overweight, 
or had class I,II and extreme obesity (defined as BMI ranges of 
25.0–29.9, 30.0–34.9, 35.0–39.9, and ≥40.0kg/ m2, respectively) 
had a 1.9, 3.6, 6.1, and 7.1-fold higher risk of developing ESRD 
when compared with normal weight (BMI 18.0–24.9 kg/m2) in-
dependent of socio-demographics, comorbidities, and labora-
tory tests, including proteinuria [23] In contrast, a prospective 
observational study by Brown et al showed no effect of BMI on 
progression of kidney disease [26]. However, there have been 
documented studies showing the association between BMI and 
CKD which may be due to the fact that obese people tend to de-
velop diabetes mellitus and hypertension which are risk factors 
for CKD [27,28]. In the literature, an ‘Obesity Paradox’ has been 
described where patients with End-Stage Renal Disease (ESRD) 
and a higher Body Mass Index (BMI) has been paradoxically as-
sociated with better survival [29].

Our study also revealed a significant association (p<0.05) be-
tween increasing age and CKD among patients without Meta-
bolic Syndrome. The high prevalence of CKD in the elderly re-
flects the presence of a variety of different risk factors for CKD 
such as diabetes and hypertension in older individuals. This may 
also be due to age-associated decline in kidney function that is 
not explained by other known risk factors. An important pub-
lic health implication is the fact that CKD may progress to end 
stage renal disease rapidly, if appropriate interventions are not 
taken [30].

There was a significant association (p<0.05) between cardio-
vascular events and MetS in our study population (Odds ratio 
of 2.195(1.176-4.097 at 95% CI). Studies have documented the 
association of MetS with cardiovascular disease and these two 
features when combined might be associated with the devel-
opment and progression of CKD. [31] A study by Sagun et al 
revealed 37% of patients with chronic renal failure had three or 
more major cardiovascular risk factors, and 70% had MetS [32] 

A noteworthy feature is that, despite the low rates of obesity, 
there is a high prevalence of diabetes and coronary heart dis-
ease among South Asian populations which is commonly known 
as the ‘Asian Indian’ or ‘South Asian’ paradox [33].

To the best of our knowledge, very few studies have exam-
ined the prevalence of MetS among CKD patients in the Indian 
population. Sabanayagam et al examined the ethnic variations 
and the impact of metabolic syndrome components and chron-
ic kidney disease in Singapore. In their study, there was a high 
prevalence of CKD within Malays. Among Indians, glycemic and 
the obesity showed a positive association, while the blood pres-
sure had a protective association [34].

Other factors such as type of diet, lifestyle and socio-eco-
nomic status have been associated with CKD, which was not 
included in our study. Krop et al [35] reported that income 
<$16,000 compared with income >$35,000 was associated with 
2.4-fold increase in CKD. In a case–control study by Plantinga 
et al people with CKD were more likely to come from families 
of unskilled workers and smoking increase the risk factors [36].

Conclusion

In our study the prevalence of MetS was 55.2% in the CKD 
population. There was no significant association or correlation 
between MetS and CKD. This could be due to small sample size. 
However, there was a statistically significant association be-
tween BMI and CKD, and age and CKD. Additionally, there was a 
high prevalence of risk factors such as hypertension, abdominal 
obesity and diabetes in this study. It is important to note that 
the metabolic syndrome constitutes a risk for developing CKD 
as well as cardiovascular events – as revealed by a statistically 
significant association between cardiovascular events and met-
abolic syndrome in our study. Early detection and early modi-
fication of lifestyle factors could significantly reduce morbid-
ity and mortality, especially in the ageing Indian population. A 
multidisciplinary approach is recommended for identifying indi-
viduals with metabolic syndrome to reduce the burden chronic 
kidney disease.

Limitations of the Study

1. There were more males than females in the study.

2. Small sample size and short duration of study.

3. Life style factors were not included in the study.

Summary

1. The Indian population has a higher risk for metabolic 
syndrome and should be efficiently screened to prevent chronic 
diseases involving the kidney and heart.

2. The prevalence of Metabolic syndrome among patient 
with CKD was 55.2%, with almost half (48.6%) with Stage 5 CKD.

3. Hypertension, abdominal obesity and diabetes were 
the most common NCEP-ATP III criteria in our study population.

4. There was no significant association or correlation be-
tween Metabolic Syndrome and CKD.

5. There was a significant association between BMI and 
CKD, and age and CKD among patients without MetS.

There was a statistically significant increased risk of cardio-
vascular events in patients with MetS.



Submit your Manuscript | www.austinpublishinggroup.com Austin Diabetes Res 9(2): id1033 (2024) - Page - 06

Austin Publishing Group

References

1. Prasad GVR. Metabolic syndrome and chronic kidney disease: 
Current status and future directions. World J Nephrol. 2014; 3: 
210-9.

2. Reisin E, Alpert MA. Definition of the metabolic syndrome: Cur-
rent proposals and controversies. In: American Journal of the 
Medical Sciences. 2005; 330: 269-72.

3. Huang PL. A comprehensive definition for metabolic syndrome. 
DMM Disease Models and Mechanisms. 2009; 2: 231-7.

4. Mohanan P. Metabolic Syndrome in the Indian Population: Pub-
lic Health Implications. Hypertens J. 2016; 2: 1-6.

5. Rhee CM, Ahmadi SF, Kalantar-Zadeh K. The dual roles of obesity 
in chronic kidney disease: A review of the current literature. Cur-
rent Opinion in Nephrology and Hypertension. 2016; 25: 208-16.

6. Thomas G, Sehgal AR, Kashyap SR, Srinivas TR, Kirwan JP, Nava-
neethan SD. Metabolic syndrome and kidney disease: A system-
atic review and meta-analysis. Clin J Am Soc Nephrol. 2011; 6: 
2364-73.

7. Fox CS, Larson MG, Leip EP, Culleton B, Wilson PWF, Levy D. 
Predictors of New-Onset Kidney Disease in a Community-Based 
Population. J Am Med Assoc. 2004; 291-844-50.

8. Evangelista LS, Cho WK, Kim Y. Obesity and chronic kidney dis-
ease: A population-based study among South Koreans. PLoS 
One. 2018; 13: e0193559.

9. Bakhshayeshkaram M, Roozbeh J, Heidari ST, Honarvar B, Dab-
baghmanesh MH, Lankarani KB. Relationships between various 
components of metabolic syndrome and chronic kidney disease 
in Shiraz, Iran. Int J Endocrinol Metab. 2019; 17: e81822.

10. Luk AOY, So WY, Ma RCW, Kong APS, Ozaki R, Ng VSW, et al. Met-
abolic syndrome predicts new onset of chronic kidney disease in 
5,829 patients with type 2 diabetes A 5-year prospective analy-
sis of the Hong Kong diabetes registry. Diabetes Care. 2008; 31: 
2357-61.

11. Kitiyakara C, Yamwong S, Cheepudomwit S, Domrongkitchaiporn 
S, Unkurapinun N, Pakpeankitvatana V, et al. The metabolic syn-
drome and chronic kidney disease in a Southeast Asian cohort. 
Kidney Int. 2007; 71: 693-700.

12. Harikrishnan S, Sarma S, Sanjay G, Jeemon P, Krishnan MN, 
Venugopal K, et al. Prevalence of metabolic syndrome and its 
risk factors in Kerala, South India: Analysis of a community 
based cross-sectional study. PLoS One. 2018; 13: e0192372.

13. Tillin T, Forouhi N, Johnston DG, McKeigue PM, Chaturvedi N, 
Godsland IF. Metabolic syndrome and coronary heart disease 
in South Asians, African-Caribbeans and white Europeans: A UK 
population-based cross-sectional study. Diabetologia. 2005; 48: 
649-56.

14. Banerjee D, Chitalia N, Raja R, Bhandara T, Poulikakos D, Jha V. 
Metabolic syndrome in chronic kidney disease and renal trans-
plant patients in North India. Int Urol Nephrol. 2012; 44: 937-43.

15. Chen J, Muntner P, Hamm LL, Jones DW, Batuman V, Fonseca V, 
et al. The Metabolic Syndrome and Chronic Kidney Disease in 
U.S. Adults. Ann Intern Med. 2004; 140: 167-74.

16. Mendy VL, Azevedo MJ, Sarpong DF, Rosas SE, Ekundayo OT, 
Sung JH, et al. The association between individual and combined 
components of metabolic syndrome and chronic kidney disease 
among African Americans: The Jackson Heart Study. PLoS One. 
2014; 9: e101610.

17. Srinath Reddy K, Shah B, Varghese C, Ramadoss A. Responding 
to the threat of chronic diseases in India. Lancet. 2005; 366: 
1744-9.

18. Misra A, Khurana L. Obesity and the metabolic syndrome in de-
veloping countries. Journal of Clinical Endocrinology and Me-
tabolism. 2008; 93: S9-30.

19. Undavalli VK, Ponnaganti SC, Narni H. Prevalence of generalized 
and abdominal obesity: India’s big problem. Int J Community 
Med Public Heal. 2018; 5: 1311-1316.

20. Bhardwaj S, Misra A, Misra R, Goel K, Bhatt SP, Rastogi K, et al. 
High prevalence of abdominal, intra-abdominal and subcutane-
ous adiposity and clustering of risk factors among Urban Asian 
Indians in North India. PLoS One. 2011; 6: e24361.

21. Pradeepa R, Anjana RM, Joshi SR, Bhansali A, Deepa M, Joshi PP, 
et al. Prevalence of generalized & abdominal obesity in urban & 
rural India- the ICMR-INDIAB study (Phase-I) [ICMR-INDIAB-3]. 
Indian J Med Res. 2015; 142: 139-150.

22. Deepa M, Farooq S, Deepa R, Manjula D, Mohan V. Prevalence 
and significance of generalized and central body obesity in an 
urban Asian Indian population in Chennai, India (CURES: 47). Eur 
J Clin Nutr. 2009; 63: 259-67.

23. Alshelleh S, Alawwa I, Oweis A, Alryalat SA, Al-Essa M, Saeed I, 
et al. Prevalence of metabolic syndrome in dialysis and trans-
plant patients. Diabetes, Metab Syndr Obes Targets Ther. 2019; 
12: 575-579.

24. Alswat KA, Althobaiti A, Alsaadi K, Alkhaldi AS, Alharthi MM, 
Abuharba WA, et al. Prevalence of Metabolic Syndrome Among 
the End-Stage Renal Disease Patients on Hemodialysis. J Clin 
Med Res. 2017; 9: 687-694.

25. Hsu CY, McCulloch CE, Iribarren C, Darbinian J, Go AS. Body mass 
index and risk for end-stage renal disease. Ann Intern Med. 
2006; 144: 21-8.

26. Brown RNKL, Mohsen A, Green D, Hoefield RA, Summers LKM, 
Middleton RJ, et al. Body mass index has no effect on rate of 
progression of chronic kidney disease in non-diabetic subjects. 
Nephrol Dial Transplant. 2012; 27: 2776-80.

27. Henegar JR, Bigler SA, Henegar LK, Tyagi SC, Hall JE. Functional 
and structural changes in the kidney in the early stages of obe-
sity. J Am Soc Nephrol. 2001; 12: 1211-1217.

28. Haslam D, James WP. Seminar - Obesity. Lancet. 2005; 366: 
1197-209.

29. Park J, Ahmadi SF, Streja E, Molnar MZ, Flegal KM, Gillen D, et 
al. Obesity paradox in end-stage kidney disease patients. Prog 
Cardiovasc Dis. 2014; 56: 415-25.

30. Prakash S, O’Hare AM. Interaction of Aging and Chronic Kidney 
Disease. Semin Nephrol. 2009; 29: 497-503.

31. Lopes JA, Raimundo M. Metabolic syndrome, chronic kidney dis-
ease, and cardiovascular disease: A dynamic and life-threaten-
ing triad. Cardiology Research and Practice. 2011; 2011: 747861.

32. Sagun G, Kantarci G, Mesci B, Gungor S, Turkoglu F, Yorulmaz 
E, et al. Frequency of cardiovascular risk factors and metabolic 
syndrome in patients with chronic kidney disease. Clin Med Res. 
2010; 8: 135-141.

33. Prasad DS, Kabir Z, Dash AL, Das BC. Prevalence and risk factors 
for metabolic syndrome in Asian Indians: A community study 
from urban Eastern India. J Cardiovasc Dis Res. 2012; 3: 204-211.

34. Sabanayagam C, Teo BW, Tai ES, Jafar TH, Wong TY. Ethnic varia-
tion in the impact of metabolic syndrome components and 
chronic kidney disease. Maturitas. 2013; 74: 369-74.

35. Krop JS, Coresh J, Chambless LE, Shahar E, Watson RL, Szklo M, 
et al. A community-based study of explanatory factors for the 
excess risk for early renal function decline in black’s vs whites 
with diabetes: The atherosclerosis risk in communities study. 
Arch Intern Med. 1999; 159: 1777-83.

36. Plantinga LC. Socio-economic impact in CKD. Nephrologie et 
Therapeutique. 2013; 9: 1-7.

https://pubmed.ncbi.nlm.nih.gov/25374814/
https://pubmed.ncbi.nlm.nih.gov/25374814/
https://pubmed.ncbi.nlm.nih.gov/25374814/
https://pubmed.ncbi.nlm.nih.gov/16355010/
https://pubmed.ncbi.nlm.nih.gov/16355010/
https://pubmed.ncbi.nlm.nih.gov/16355010/
https://pubmed.ncbi.nlm.nih.gov/19407331/
https://pubmed.ncbi.nlm.nih.gov/19407331/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6994803/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6994803/
https://pubmed.ncbi.nlm.nih.gov/14970063/
https://pubmed.ncbi.nlm.nih.gov/14970063/
https://pubmed.ncbi.nlm.nih.gov/14970063/
https://pubmed.ncbi.nlm.nih.gov/29489920/
https://pubmed.ncbi.nlm.nih.gov/29489920/
https://pubmed.ncbi.nlm.nih.gov/29489920/
https://pubmed.ncbi.nlm.nih.gov/31372168/
https://pubmed.ncbi.nlm.nih.gov/31372168/
https://pubmed.ncbi.nlm.nih.gov/31372168/
https://pubmed.ncbi.nlm.nih.gov/31372168/
https://pubmed.ncbi.nlm.nih.gov/18835954/
https://pubmed.ncbi.nlm.nih.gov/18835954/
https://pubmed.ncbi.nlm.nih.gov/18835954/
https://pubmed.ncbi.nlm.nih.gov/18835954/
https://pubmed.ncbi.nlm.nih.gov/18835954/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5870937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5870937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5870937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5870937/
https://pubmed.ncbi.nlm.nih.gov/15759110/
https://pubmed.ncbi.nlm.nih.gov/15759110/
https://pubmed.ncbi.nlm.nih.gov/15759110/
https://pubmed.ncbi.nlm.nih.gov/15759110/
https://pubmed.ncbi.nlm.nih.gov/15759110/
https://pubmed.ncbi.nlm.nih.gov/21660424/
https://pubmed.ncbi.nlm.nih.gov/21660424/
https://pubmed.ncbi.nlm.nih.gov/21660424/
https://pubmed.ncbi.nlm.nih.gov/14757614/
https://pubmed.ncbi.nlm.nih.gov/14757614/
https://pubmed.ncbi.nlm.nih.gov/14757614/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4081650/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4081650/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4081650/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4081650/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4081650/
https://pubmed.ncbi.nlm.nih.gov/16291069/
https://pubmed.ncbi.nlm.nih.gov/16291069/
https://pubmed.ncbi.nlm.nih.gov/16291069/
https://pubmed.ncbi.nlm.nih.gov/18987276/
https://pubmed.ncbi.nlm.nih.gov/18987276/
https://pubmed.ncbi.nlm.nih.gov/18987276/
https://www.ijcmph.com/index.php/ijcmph/article/view/2833
https://www.ijcmph.com/index.php/ijcmph/article/view/2833
https://www.ijcmph.com/index.php/ijcmph/article/view/2833
https://pubmed.ncbi.nlm.nih.gov/21949711/
https://pubmed.ncbi.nlm.nih.gov/21949711/
https://pubmed.ncbi.nlm.nih.gov/21949711/
https://pubmed.ncbi.nlm.nih.gov/21949711/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4613435/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4613435/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4613435/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4613435/
https://pubmed.ncbi.nlm.nih.gov/17928807/
https://pubmed.ncbi.nlm.nih.gov/17928807/
https://pubmed.ncbi.nlm.nih.gov/17928807/
https://pubmed.ncbi.nlm.nih.gov/17928807/
https://pubmed.ncbi.nlm.nih.gov/31118720/
https://pubmed.ncbi.nlm.nih.gov/31118720/
https://pubmed.ncbi.nlm.nih.gov/31118720/
https://pubmed.ncbi.nlm.nih.gov/31118720/
https://pubmed.ncbi.nlm.nih.gov/28725317/
https://pubmed.ncbi.nlm.nih.gov/28725317/
https://pubmed.ncbi.nlm.nih.gov/28725317/
https://pubmed.ncbi.nlm.nih.gov/28725317/
https://pubmed.ncbi.nlm.nih.gov/16389251/
https://pubmed.ncbi.nlm.nih.gov/16389251/
https://pubmed.ncbi.nlm.nih.gov/16389251/
https://pubmed.ncbi.nlm.nih.gov/22442391/
https://pubmed.ncbi.nlm.nih.gov/22442391/
https://pubmed.ncbi.nlm.nih.gov/22442391/
https://pubmed.ncbi.nlm.nih.gov/22442391/
https://pubmed.ncbi.nlm.nih.gov/11373344/
https://pubmed.ncbi.nlm.nih.gov/11373344/
https://pubmed.ncbi.nlm.nih.gov/11373344/
https://pubmed.ncbi.nlm.nih.gov/16198769/
https://pubmed.ncbi.nlm.nih.gov/16198769/
https://pubmed.ncbi.nlm.nih.gov/24438733/
https://pubmed.ncbi.nlm.nih.gov/24438733/
https://pubmed.ncbi.nlm.nih.gov/24438733/
https://pubmed.ncbi.nlm.nih.gov/19751895/
https://pubmed.ncbi.nlm.nih.gov/19751895/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3043294/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3043294/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3043294/
v
v
v
v
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3425027/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3425027/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3425027/
https://pubmed.ncbi.nlm.nih.gov/23395404/
https://pubmed.ncbi.nlm.nih.gov/23395404/
https://pubmed.ncbi.nlm.nih.gov/23395404/
https://pubmed.ncbi.nlm.nih.gov/10448782/
https://pubmed.ncbi.nlm.nih.gov/10448782/
https://pubmed.ncbi.nlm.nih.gov/10448782/
https://pubmed.ncbi.nlm.nih.gov/10448782/
https://pubmed.ncbi.nlm.nih.gov/10448782/
https://pubmed.ncbi.nlm.nih.gov/23318113/
https://pubmed.ncbi.nlm.nih.gov/23318113/

	Introduction
	Review of Literature 
	Aims and Objectives 

	Material and Methods 
	Study Design 
	Participants
	Definition of Metabolic Syndrome 
	Sample Size 
	Study Method 
	Data Collection 
	Procedure
	Observations and Results 
	Demographic features of study population 
	Prevalence of Metabolic syndrome 
	Number of patients with CKD and components of MetS 
	Association and Correlation between MetS components and CKD stages
	Prevalence of various components of MetS with CKD 
	CKD Patients on Dialysis with and without MetS 
	Association between Cardiovascular events, MetS and CKD 

	Discussion
	Conclusion
	Limitations of the Study 
	Summary

	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10

