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            Abstract

            
               
Background: Obesity, Metabolic syndrome and dyslipidaemia are gaining prevalence as noncommunicable causes of health hazards like CVD,
                  IHD. National surveys under the leadership of ICMR were in progress to detect causes of high fat content in the body and means
                  to detect the same early are underway. We made an attempt to know the importance of body fat percentage in Type 2 Diabetes
                  Mellitus as marker of dyslipidaemia. 
               

               Aim & Objectives: To study relationship of BMI, body fat percent (BFP) and lipid profile in type 2 Diabetes Mellitus.
               

               Materials and Methods: 35 Type2DM (normotensive) subjects in the age group of 30-55yrs in both sexes and 35 age & sex matched healthy controls
                  were selected for the study after obtaining informed consent. Anthropometric data was recorded. Their fasting venous blood
                  samples were analysed for sugar & Lipid profile ERBA Chem 5 semiautoanalyser. BMI and BFP were calculated.
               

               Results & Discussion: BFP was well above normal levels in both cases and controls (38.03±12.13 &44.9±7.66 respectively) for the age group of 30-55yrs
                  normal limits being 19,3% -26.3% according to Jackson & Pollard. The mean BMI of cases was 33.22±8.59 compared to 37.07±4.1
                  of controls, indicating both groups were class II obese individuals. BMI & BFP showed statistically significant correlation
                  between cases and controls by Student’s ‘t’ test (p <0.009 & <0.003 respectively) and also within the groups (P <0.00001)
                  by way of ANOVA. Analysis was done to detect gender difference. In males and females there was strongly positive correlation
                  of BMI as detected by Pearson’s Correlation coefficient (r = 0.914 & 0.976). TC, TG & HDL showed weak positive correlation
                  with BMI & BFP in diabetic subjects, whereas LDL correlated negatively with BMI & BFP.
               

               Conclusion: We could not conclude superiority of BFP over BMI in assessing dyslipidaemia. Nevertheless, the study can be done using
                  other methods of evaluation of BFP in T2DM like ultrasound, computerised tomography.
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               Introduction

            Lipid profile as estimated by Serum Total Cholesterol, Triglycerides, HDL. LDL indicates general status of circulating lipid
               concentrations. When we want to assess total body fat either in Obesity, Metabolic syndrome or any other endocrine disorder
               other methods available are - waist circumference (WC), waist hip ratio (WHR), Body mass index (BMI). Recently assessment
               of Body fat percentage (BFP) is gaining popularity over these anthropometric data. Body fat is basically essential fat and
               storage fat. Essential fat is necessary to maintain life and reproductive functions. Storage fat accumulates in adipose tissue
               & has important function of protecting intrathoracic & intraabdominal organs.
            

            The following methods are available to assess BFP

            
                  
                  	
                     Underwater weighing 

                  

                  	
                     Whole-body air displacement plethysmography 

                  

                  	
                     Near-infrared interactance 

                  

                  	
                     Dual energy X-ray absorptiometry (DXA) 

                  

                  	
                     Body average density measurement 

                  

                  	
                     Bioelectrical impedance analysis 

                  

                  	
                     Anthropometric methods 

                  

                  	
                     Ultrasound 

                  

                  	
                     From BMI 

                  

               

            

            Most of these methods need instruments which may not be available and moreover accuracy of the values obtained needs to be
               cross-checked. Anthropometric measurements include neck circumference (NC), hip circumference (HC), WHR (waist hip ratio),
               WC (waist circumference) & are markers for central obesity assessment. BMI cannot distinguish between body fat mass and lean
               body mass and BMI varies with Ht, weight and age. BMI raises if skeletal muscle mass is more or when bones are larger. To
               overcome the hurdle, BFP was being considered. Computed Tomography (CT) or dual-energy X-ray absorptiometry (DXA) are frequently
               used methods for evaluating the distribution of body fat.1 
            

            Most obesity indices such as NC, HC, WHR, WC are only markers of central obesity. BF% is a measure of fitness level irrespective
               of Ht. & Wt. BFP is total body fat divided by total body mass. BFP was calculated by the formula given below. 
            

            BFP = 1.20 × BMI + 0.23 × Age - 16.2 (♂) BFP = 1.20 × BMI + 0.23 × Age - 5.4 (♀)
            

            The ideal BFP for men and women were as under.

            
                  
                  Table 1

                  Jackson & Pollard ideal body fat percentages

               

               
                     
                        
                           	
                              
                           
                            Age

                           
                        
                        	
                              
                           
                            Women

                           
                        
                        	
                              
                           
                            Men

                           
                        
                     

                     
                           	
                              
                           
                            20

                           
                        
                        	
                              
                           
                            17.7%

                           
                        
                        	
                              
                           
                            8.5%

                           
                        
                     

                     
                           	
                              
                           
                            25

                           
                        
                        	
                              
                           
                            18.4%

                           
                        
                        	
                              
                           
                            10.5%

                           
                        
                     

                     
                           	
                              
                           
                            30

                           
                        
                        	
                              
                           
                            19.3%

                           
                        
                        	
                              
                           
                            12.7%

                           
                        
                     

                     
                           	
                              
                           
                            35

                           
                        
                        	
                              
                           
                            21.5%

                           
                        
                        	
                              
                           
                            13.7%

                           
                        
                     

                     
                           	
                              
                           
                            40

                           
                        
                        	
                              
                           
                            22.2%

                           
                        
                        	
                              
                           
                            15.3%

                           
                        
                     

                     
                           	
                              
                           
                            45

                           
                        
                        	
                              
                           
                            22.9%

                           
                        
                        	
                              
                           
                            16.4%

                           
                        
                     

                     
                           	
                              
                           
                            50

                           
                        
                        	
                              
                           
                            25.2%

                           
                        
                        	
                              
                           
                            18.9%

                           
                        
                     

                     
                           	
                              
                           
                            55

                           
                        
                        	
                              
                           
                            26.3%

                           
                        
                        	
                              
                           
                            20.9%

                           
                        
                     

                  
               

            

            Type-2 Diabetes Mellitus (T2DM) accounts for 23 deaths per lakh population, which translates into more than 3 lakh deaths
               per year (or 3% of all deaths) in India.2 T2DM frequently leads to Metabolic syndrome(MetS) and complications thereof.
            

            The aim of this study was to find correlation of body fat percentage (BF%) and Body mass index (BMI) with lipid profile in
               Diabetes Mellitus patients for the prediction of Metabolic Syndrome.
            

         

         
               Aim and Objectives 

            To find correlation of BMI and BFP with lipid profile in type 2 DM and assess advantage of BFP over BMI in evaluating risk
               of MetS. The objective of the study was to find the relation between BMI and BFP.
            

         

         
               Materials and Methods

            The cross- sectional study was conducted in Government General Hospital, Machilipatnam in Dec/Jan 2022/23. Based on inclusion
               and exclusion criteria, 35 Type 2 Diabetes Mellitus (T2DM) patients both males and females in the age group of 30yrs -55yrs
               and 35 age and sex matched healthy controls were selected for the study after obtaining their informed consent. Both controls
               and study subjects were normotensive. These subjects were attending medicine OPD for treatment purpose.
            

            Sample size calculation

            

               
               
                     
                     N
                     =
                     
                        
                           
                              Z
                              2
                           
                           ×
                           p
                           
                              
                                 1
                                 -
                                 p
                              
                           
                        
                        
                           M
                           2
                        
                     
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                     n
                     =
                     
                        N
                        
                           
                              
                                 1
                                 +
                                 
                                    
                                       
                                          
                                             N
                                             -
                                             1
                                          
                                       
                                       /
                                       P
                                    
                                 
                              
                           
                        
                     
                  
               

            

            Where N is sample size for infinite population, Z is z-score at 95% confidence interval (1.96), p is standard deviation (50%
               or 0.5), M is margin of error (10% or 0.1), n is sample size for finite population and P is size of population (170,000).
               Approximate sample size calculated using above mentioned formula is 96. 
            

            Their fasting blood samples were collected and evaluated for plasma sugar, serum total cholesterol, triglycerides, high density
               cholesterol, low density cholesterol and very low-density cholesterol. All the serum parameters were analyzed by dry chemistry
               on Johnson and Johnson Vitros 250. Plasma sugar by GOD-POD method. TC by CHOD-POD method, Tgs by Glcerol kinase -POD method,
               HDL by CHOD-POD method after precipitation of Non-HDL Lipoproteins with Phosphotungstic acid & MgCl2, Burstein et al3 and Allain et al4 LDL calculated using Friedewald’s formula. Anthropometric parameters like Height (in Cms), weight (in Kgs) and waist circumference
               were recorded. BMI was calculated by the formula Body Wt / (Height).2 BFP was calculated by the afore mentioned formula.
            

            
                  Inclusion criteria

               Individuals diagnosed and under treatment for Diabetes Mellitus for more than one yr within the age group of 30yrs to 55yrs
                  were selected for the study. Healthy age & sex matched persons attending hospital for nonmedical reasons were selected as
                  controls.
               

            

            
                  Exclusion criteria

               Individuals with endocrine disorders like thyroid diseases, Cushing’s syndrome, Liver and Kidney diseases, pregnancy, individuals
                  with heart diseases which adversely affect body weight were excluded from the study. Individuals with hereditary obesity were
                  also excluded.
               

            

         

         
               Results

            Results were expressed as Mean±SD for continuous variables. Statistical analysis included Student’s ‘t’ test done to find
               statistically significant difference between means, Oneway ANOVA done to assess interrelationship of variables and Pearson’s
               Correlation Coefficient done to know linear association between variables. The probability value of <.05 at 95% confidence
               interval considered statistically significant. The biochemical values, BMI and BFP of both cases and controls were as mentioned
               below. Table  2  (N = Number of subjects) 
            

            
                  
                  Table 2

                  N= Number of subjects

               

               
                     
                        
                           	
                              
                           
                           
                              Controls (N =35)
                              
                           

                           
                        
                        	
                              
                           
                            Diabetics (N = 35)

                           
                        
                     

                     
                           	
                              
                           
                           Parameter

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            SD

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            SD

                           
                        
                        	
                              
                           
                             t

                           
                        
                        	
                              
                           
                            P value

                           
                        
                     

                     
                           	
                              
                           
                           BMI

                           
                        
                        	
                              
                           
                            37.07

                           
                        
                        	
                              
                           
                            4.10

                           
                        
                        	
                              
                           
                            33.22

                           
                        
                        	
                              
                           
                            8.59

                           
                        
                        	
                              
                           
                            2.389

                           
                        
                        	
                              
                           
                            <0.009

                           
                        
                     

                     
                           	
                              
                           
                           RBS

                           
                        
                        	
                              
                           
                            97.45

                           
                        
                        	
                              
                           
                            10.95

                           
                        
                        	
                              
                           
                            172.32

                           
                        
                        	
                              
                           
                            43.06

                           
                        
                        	
                              
                           
                            9.725

                           
                        
                        	
                              
                           
                            <0.00001

                           
                        
                     

                     
                           	
                              
                           
                           TC

                           
                        
                        	
                              
                           
                            182.09

                           
                        
                        	
                              
                           
                            30 .48

                           
                        
                        	
                              
                           
                            190.97

                           
                        
                        	
                              
                           
                            35.22

                           
                        
                        	
                              
                           
                            -1.128

                           
                        
                        	
                              
                           
                            <0.132

                           
                        
                     

                     
                           	
                              
                           
                           TG

                           
                        
                        	
                              
                           
                            155.03

                           
                        
                        	
                              
                           
                            48.39

                           
                        
                        	
                              
                           
                            197.91

                           
                        
                        	
                              
                           
                            63.44

                           
                        
                        	
                              
                           
                            3.179

                           
                        
                        	
                              
                           
                            <0.001

                           
                        
                     

                     
                           	
                              
                           
                           HDL

                           
                        
                        	
                              
                           
                            39.03

                           
                        
                        	
                              
                           
                            4.87

                           
                        
                        	
                              
                           
                            41.83

                           
                        
                        	
                              
                           
                            14.9

                           
                        
                        	
                              
                           
                            -1.056

                           
                        
                        	
                              
                           
                            <0.147

                           
                        
                     

                     
                           	
                              
                           
                           LDL

                           
                        
                        	
                              
                           
                            113.17

                           
                        
                        	
                              
                           
                            26.65

                           
                        
                        	
                              
                           
                            112.22

                           
                        
                        	
                              
                           
                            29.94

                           
                        
                        	
                              
                           
                            -0.139

                           
                        
                        	
                              
                           
                            <0.445

                           
                        
                     

                     
                           	
                              
                           
                           VLDL

                           
                        
                        	
                              
                           
                            29.86

                           
                        
                        	
                              
                           
                            9.99

                           
                        
                        	
                              
                           
                            38.23

                           
                        
                        	
                              
                           
                            9.46

                           
                        
                        	
                              
                           
                            3.269

                           
                        
                        	
                              
                           
                            <0.0009

                           
                        
                     

                     
                           	
                              
                           
                           BF%

                           
                        
                        	
                              
                           
                            44.9

                           
                        
                        	
                              
                           
                            7.66

                           
                        
                        	
                              
                           
                            38.03

                           
                        
                        	
                              
                           
                            12.13

                           
                        
                        	
                              
                           
                            2.828

                           
                        
                        	
                              
                           
                            <0.003

                           
                        
                     

                     
                           	
                              
                           
                           Age

                           
                        
                        	
                              
                           
                            36.8

                           
                        
                        	
                              
                           
                            9.23

                           
                        
                        	
                              
                           
                            46.92

                           
                        
                        	
                              
                           
                            13.66

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                  
               

            

            Mean age was 36.8±9.23 (controls) & 46.92 ±13.66 (DM). Both BMI and BFP showed higher mean±SD in controls compared to cases.
               Both Controls and Cases fall in Class II obesity group as the mean BMI was 37.07±4.1 for controls and 33.22±8.59 for cases.
               The mean of Tg between cases & controls was statistically significant (P value <0.001). Increase in VLDL in cases (38.03 ±12.13)
               compared to controls (29.86±9.99) was observed which was secondary to high Glucose concentrations.
            

            Among the 35 Diabetes Mellitus patients 20 were men and 15 were women, whereas in controls there was female preponderance
               30 women as compared to 5 men. The ideal percentage of body fat according to Jackson & Pollard criteria was 19% to 26% for
               females in the age group of 30 - 55yrs, whereas the same is 13% - 21% in men.
            

            In our study Mean ± SD values of the variables in men & women was as follows.

            
                  
                  Table 3

                  Diabetic males
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Diabetic Males
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            BMI

                           
                        
                        	
                              
                           
                            TC

                           
                        
                        	
                              
                           
                            TG

                           
                        
                        	
                              
                           
                            HDL

                           
                        
                        	
                              
                           
                            LDL

                           
                        
                        	
                              
                           
                            BF%

                           
                        
                     

                     
                           	
                              
                           
                           N

                           
                        
                        	
                              
                           
                            20

                           
                        
                        	
                              
                           
                            20 

                           
                        
                        	
                              
                           
                            20 

                           
                        
                        	
                              
                           
                            20

                           
                        
                        	
                              
                           
                            20

                           
                        
                        	
                              
                           
                            20

                           
                        
                     

                     
                           	
                              
                           
                           Mean

                           
                        
                        	
                              
                           
                            32.18

                           
                        
                        	
                              
                           
                            198.25

                           
                        
                        	
                              
                           
                            215.55

                           
                        
                        	
                              
                           
                            44.3

                           
                        
                        	
                              
                           
                            119.41

                           
                        
                        	
                              
                           
                            33.29

                           
                        
                     

                     
                           	
                              
                           
                           Std.Dev.

                           
                        
                        	
                              
                           
                            8.15

                           
                        
                        	
                              
                           
                            35.84

                           
                        
                        	
                              
                           
                            70.44

                           
                        
                        	
                              
                           
                            18.34

                           
                        
                        	
                              
                           
                            32.161

                           
                        
                        	
                              
                           
                            8.97

                           
                        
                     

                     
                           	
                              
                           
                           
                              Diabetic Females
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           N

                           
                        
                        	
                              
                           
                            15

                           
                        
                        	
                              
                           
                            15

                           
                        
                        	
                              
                           
                            15

                           
                        
                        	
                              
                           
                            15

                           
                        
                        	
                              
                           
                            15

                           
                        
                        	
                              
                           
                            15

                           
                        
                     

                     
                           	
                              
                           
                           Mean

                           
                        
                        	
                              
                           
                            34.61

                           
                        
                        	
                              
                           
                            181.27

                           
                        
                        	
                              
                           
                            174.4

                           
                        
                        	
                              
                           
                            38.53

                           
                        
                        	
                              
                           
                            102.64

                           
                        
                        	
                              
                           
                            44.35

                           
                        
                     

                     
                           	
                              
                           
                           Std.Dev.

                           
                        
                        	
                              
                           
                            9.27

                           
                        
                        	
                              
                           
                            33.06

                           
                        
                        	
                              
                           
                            44.76

                           
                        
                        	
                              
                           
                            7.93

                           
                        
                        	
                              
                           
                            24.53

                           
                        
                        	
                              
                           
                            13.18

                           
                        
                     

                  
               

            

            The Mean±SD of continuous variables and BMI showed marginal variation by way of gender difference, but BFP was moderately
               elevated in females compared to males (44.35±13.18 in♀ & 33.29±8.97 in ♂) Table  3. This finding was in accordance with the study of Katherine M Flegal, et al 2009.5 
            

            BMI and BFP showed statistically significant correlation with lipid profile in both cases and controls with p value <.00001
               except HDL in cases, BFP did not show correlation with HDL (P value <.1234).(Table  4) The present study was in agreement with the findings (Imamura et al., 1993) on relationship between fat distribution and
               serum lipids.
            

            
                  
                  Table 4

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Student’s ‘t’ test in Controls - BF% to lipid profile – 

                           
                        
                     

                     
                           	
                              
                           
                            Parameter

                           
                        
                        	
                              
                           
                            TC

                           
                        
                        	
                              
                           
                            TG

                           
                        
                        	
                              
                           
                            HDL

                           
                        
                        	
                              
                           
                            LDL

                           
                        
                     

                     
                           	
                              
                           
                            P-value

                           
                        
                        	
                              
                           
                            < .00001

                           
                        
                        	
                              
                           
                            < .00001

                           
                        
                        	
                              
                           
                            < .0001

                           
                        
                        	
                              
                           
                            < .00001

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                             BMI to lipid profile

                           
                        
                     

                     
                           	
                              
                           
                            P-value

                           
                        
                        	
                              
                           
                            <.00001

                           
                        
                        	
                              
                           
                            <.00001

                           
                        
                        	
                              
                           
                            <.03

                           
                        
                        	
                              
                           
                            <.00001

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Student ‘t’ test in Diabetics - BF% to lipid profile – 

                           
                        
                     

                     
                           	
                              
                           
                            Parameter

                           
                        
                        	
                              
                           
                            TC

                           
                        
                        	
                              
                           
                            TG

                           
                        
                        	
                              
                           
                            HDL

                           
                        
                        	
                              
                           
                            LDL

                           
                        
                     

                     
                           	
                              
                           
                            P-value

                           
                        
                        	
                              
                           
                            < .00001

                           
                        
                        	
                              
                           
                            < .00001

                           
                        
                        	
                              
                           
                            < .1234

                           
                        
                        	
                              
                           
                            < .00001

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            BMI to lipid profile – P Value

                           
                        
                     

                     
                           	
                              
                           
                            P-value

                           
                        
                        	
                              
                           
                            < .00001

                           
                        
                        	
                              
                           
                            < .00001

                           
                        
                        	
                              
                           
                            < .002

                           
                        
                        	
                              
                           
                            < .00001

                           
                        
                     

                  
               

            

            Higher BMI and BFP were detected in controls compared to diabetic cases, though statistically significant correlation was
               observed (t = 2.389, p=<0.003 BMI) & (t=2.828, p=<0.003 BFP) (Table  2). This study did not correlate with the study of Garg, Deepika Kumar et al. (2019).6 The cases included by Garg et al were basically underweight with BMI of <18.5 kg/m2. Similarly, study by Anjana et al. reported that visceral and central abdominal fat was high among diabetic subjects as compared
               to nondiabetic subjects (P value = 0.005 and 0.011).7 Arora et al. report that the percentage of body fat was significantly high among diabetics as compared to healthy controls
               (P value < 0.05.8 Strotmeyer et al.9 in their study stated that fat mass was significantly high among individuals with diabetes mellitus (P value < 0.05).
            

            Pearson’s correlation showed negative correlation of BMI & BFP with triglycerides (r = -0.257 & -0.317 respectively). Similarly,
               LDL showed negative correlation (r = -0,0684) with BFP in diabetic subjects. (Table  6) This finding in our study disproves the results of similar study by Shukohifar, M., Mozafari, Z., et al. (2022).10 Significant negative correlation was observed amongst cases and controls for both BMI & BFP r = - 0.0162 & -0,0336 respectively
               (Table  6)
            

            
                  
                  Table 5

                  Pearson’s correlation coefficient within the groups in diabetics
                  

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            TC

                           
                        
                        	
                              
                           
                            TG

                           
                        
                        	
                              
                           
                            HDL

                           
                        
                        	
                              
                           
                            LDL

                           
                        
                     

                     
                           	
                              
                           
                            BMI r

                           
                        
                        	
                              
                           
                            0.125 

                           
                        
                        	
                              
                           
                            -0.257 

                           
                        
                        	
                              
                           
                            + 0.208

                           
                        
                        	
                              
                           
                            0.119 

                           
                        
                     

                     
                           	
                              
                           
                            BF% r 

                           
                        
                        	
                              
                           
                            0.0303 

                           
                        
                        	
                              
                           
                            -0.319 

                           
                        
                        	
                              
                           
                            + 0.192

                           
                        
                        	
                              
                           
                            -0.068 

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Between Cases and Controls

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                           
                               R value
                              
                           

                           
                        
                        	
                              
                           
                            Significance

                           
                        
                     

                     
                           	
                              
                           
                             BMI

                           
                        
                        	
                              
                           
                            -0.0162 

                           
                        
                        	
                              
                           
                             Weakly negative
                           

                           
                        
                     

                     
                           	
                              
                           
                             BFP

                           
                        
                        	
                              
                           
                            -0.0336 

                           
                        
                        	
                              
                           
                            Weakly negative

                           
                        
                     

                  
               

            

            The correlation between cases and controls for BMI and BFP was weakly negative (r -0.0162 & -0.0336 respectively) Table  5. The correlation of BMI with BFP in men and women was strongly positive in Diabetic cases (r = 0.914, & 0.977 respectively)
               Table  6. This finding is in accordance with that of Pihl and Jurimae, 2001.11 In T2DM insulin resistance leads to failure of peripheral utilization of Glucose and increased synthesis of VLDL. Storage
               of depot fats mainly TGs leads to central obesity which was proved by elevated BF% in our study. The correlation of both BMI
               & BF% with TC & HDL is weakly positive (r = 0.125 & 0.0303) (r= 0.208, 0.192) and the same with TG is weakly negative (-0.257,
               -0.319). These findings do not agree with the study of Manu Arora et al (2007).8 
            

            
                  
                  Table 6

                  Pearson’s correlation coefficient in diabetic males & females
                  

               

               
                     
                        
                           	
                              
                           
                            DM - Males

                           
                        
                        	
                              
                           
                            DM females

                           
                        
                     

                     
                           	
                              
                           
                            BMI with

                           
                        
                        	
                              
                           
                             r 

                           
                        
                        	
                              
                           
                            Result

                           
                        
                        	
                              
                           
                            BMI with

                           
                        
                        	
                              
                           
                            R

                           
                        
                        	
                              
                           
                            Result

                           
                        
                     

                     
                           	
                              
                           
                            BF%

                           
                        
                        	
                              
                           
                            0.914

                           
                        
                        	
                              
                           
                            SP

                           
                        
                        	
                              
                           
                            BF%

                           
                        
                        	
                              
                           
                            0.9775.

                           
                        
                        	
                              
                           
                            SP

                           
                        
                     

                     
                           	
                              
                           
                            TC

                           
                        
                        	
                              
                           
                            0.1534

                           
                        
                        	
                              
                           
                            WP

                           
                        
                        	
                              
                           
                            TC

                           
                        
                        	
                              
                           
                            0.1831.

                           
                        
                        	
                              
                           
                            WP

                           
                        
                     

                     
                           	
                              
                           
                            Tg

                           
                        
                        	
                              
                           
                            -0.3748.

                           
                        
                        	
                              
                           
                            WN

                           
                        
                        	
                              
                           
                            TG

                           
                        
                        	
                              
                           
                            0.0292.

                           
                        
                        	
                              
                           
                            WP

                           
                        
                     

                     
                           	
                              
                           
                            HDL

                           
                        
                        	
                              
                           
                            0.3064.

                           
                        
                        	
                              
                           
                            WP

                           
                        
                        	
                              
                           
                            HDL

                           
                        
                        	
                              
                           
                             0.1535.

                           
                        
                        	
                              
                           
                            WP

                           
                        
                     

                     
                           	
                              
                           
                            LDL

                           
                        
                        	
                              
                           
                            0.3938.

                           
                        
                        	
                              
                           
                            WP

                           
                        
                        	
                              
                           
                            LDL

                           
                        
                        	
                              
                           
                            -0.178.

                           
                        
                        	
                              
                           
                            WN

                           
                        
                     

                     
                           	
                              
                           
                            BF% with TC

                           
                        
                        	
                              
                           
                            0.1309.

                           
                        
                        	
                              
                           
                            WP

                           
                        
                        	
                              
                           
                            BF% with TC

                           
                        
                        	
                              
                           
                            0.2049.

                           
                        
                        	
                              
                           
                            WP

                           
                        
                     

                     
                           	
                              
                           
                            TG

                           
                        
                        	
                              
                           
                            -0.2658.

                           
                        
                        	
                              
                           
                            WN

                           
                        
                        	
                              
                           
                            TG

                           
                        
                        	
                              
                           
                            0.0074

                           
                        
                        	
                              
                           
                            SP

                           
                        
                     

                     
                           	
                              
                           
                            HDL

                           
                        
                        	
                              
                           
                            0.4787

                           
                        
                        	
                              
                           
                            WP

                           
                        
                        	
                              
                           
                            HDL

                           
                        
                        	
                              
                           
                            0.1558.

                           
                        
                        	
                              
                           
                            WP

                           
                        
                     

                     
                           	
                              
                           
                            LDL

                           
                        
                        	
                              
                           
                            0.2842

                           
                        
                        	
                              
                           
                            WP

                           
                        
                        	
                              
                           
                            LDL

                           
                        
                        	
                              
                           
                            -0.1799.

                           
                        
                        	
                              
                           
                            WN

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 7

                  Oneway anova of BMI & bf% in diabetics & controls
                  

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Diabetics

                           
                        
                        	
                              
                           
                            Controls

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            BF%

                           
                        
                        	
                              
                           
                            BMI

                           
                        
                        	
                              
                           
                            BMI

                           
                        
                        	
                              
                           
                            BF%

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           N

                           
                        
                        	
                              
                           
                            35

                           
                        
                        	
                              
                           
                            35 

                           
                        
                        	
                              
                           
                            35 

                           
                        
                        	
                              
                           
                            35

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           Mean

                           
                        
                        	
                              
                           
                            38.0329

                           
                        
                        	
                              
                           
                            33.2217

                           
                        
                        	
                              
                           
                            37.0657

                           
                        
                        	
                              
                           
                            44.8954

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           Std.Dev.

                           
                        
                        	
                              
                           
                            12.1388

                           
                        
                        	
                              
                           
                            8.5984

                           
                        
                        	
                              
                           
                            4.1042

                           
                        
                        	
                              
                           
                            7.6622

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           
                              Result Details
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           
                              Source
                              
                           

                           
                        
                        	
                              
                           
                            SS

                           
                        
                        	
                              
                           
                            df

                           
                        
                        	
                              
                           
                            MS

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           Between-treatments

                           
                        
                        	
                              
                           
                            2480.92

                           
                        
                        	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            826.9733

                           
                        
                        	
                              
                           
                            F = 11.14376

                           
                        
                     

                     
                           	
                              
                           
                           Within-treatments

                           
                        
                        	
                              
                           
                            10092.5007

                           
                        
                        	
                              
                           
                            136

                           
                        
                        	
                              
                           
                            74.2096

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                           Total

                           
                        
                        	
                              
                           
                            12573.4207

                           
                        
                        	
                              
                           
                            139

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                             p-value is < .00001

                           
                        
                     

                  
               

            

            Between cases and controls BMI & BF% showed statistically highly significant correlation (P value < 0.00001) Table  7 as assessed by one way ANOVA of differences in means. Though BMI does not discriminate between lean body mass and amount
               of body fat, in our study we could not gain much value regarding BF% and its correlation with Lipid profile. Prevalence of
               obesity was almost double as estimated by BF% compared to BMI in a study conducted by Okorodudu D et al. (2010).12 In our study no such conclusion could be achieved. As such we calculated BF% based on BMI, hence accuracy of BF% was not
               confirmed. Hence, we opined it was wrong to ascertain the superiority of BF% over BMI. In a future study we may calculate
               BF% by anthropometric methods/ ultrasound / CT scan and compare with calculated BF% to know accuracy of our present findings.
            

         

         
               Discussion

            As suggested by Jackson & Pollard there was obvious difference in BFP between men and women. In males BFP was less compared
               to females. The same was proven in our study as shown in Table  3  (44.35±13.18 in♀ & 33.29±8.97 in ♂). BFP is a factor of BMI as shown in the formula, this was constraint in our study. There
               was strong correlation of BMI and BFP between subjects and controls as shown by one way ANOVA (P < 0.0001) Our study group
               showed higher BFP in controls (44.9± 7.66) compared to cases (38.03± 12.13) which did not correlate with the study of Vineetha
               K, Ramdas Nayak et al. 13 These results confirm inclusion of BFP in risk assessment of T2DM in nonobese individuals.14 
            

            In Diabetic subjects TC, TG, LDL correlated with BFP but not HDL with p value <0.00001 (Table  4) where as BMI correlated significantly with all lipid parameters. The same was proven in the study conducted in urban population
               by A Misra, RM Pandey et al. in 2001.15

            In our study Tg levels were high in subjects compared to controls whereas HDL-C were low, (Table  1) which was considered to be due to dysregulation of glucose metabolism with insulin resistance and β-cell dysfunction. The
               hypertriglyceridemia would further aggravate hyperglycaemic state.
            

         

         
               Conclusion

            Type 2 Diabetes Mellitus is certainly associated with obesity and related complications. It is necessary to design markers
               of obesity detection to avoid life threatening complications of obesity, these markers of obesity should be cost effective
               and technically easy to perform. Our study confirms inclusion of BFP along with lipid parameters in T2DM would be fetching
               in risk assessment.
            

         

         
               Limitations of the Study

            A major limitation of this study is the small sample size. A study with similar design on a larger scale, involving multiple
               centres is required to further evaluate the conclusions drawn herewith. 
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