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Background:
Obesity is a risk factor for kidney disease. 1 Furthermore, central (or visceral) adiposity is known to contribute to cardiometabolic risk. 2,3 In recent years, studies have begun to investigate the role of different body composition parameters in kidney disease. Kim et al 1found that in patients with type 2 diabetes, visceral adipose but not subcutaneous adipose is negatively associated with renal function as measured by the estimated glomerular filtration rate (eGFR). 
Kidney function has traditionally been measured by serum creatinine (Cr) which is used to estimate the GFR. However, measurements of Cr are affected by body composition, particularly muscle mass. In recent years, cystatin C, a protein that is renally cleared, has been proposed to be superior to Cr for measuring renal function. 4 Therefore, studies investigating the association between body composition and renal function as measured by cystatin C are needed. 
Furthermore, for a given BMI, South Asians have higher levels of total body fat, subcutaneous fat and visceral fat compared to Caucasians. 5 The effect of these higher levels of body fat on renal function in South Asians is unknown. In this study, we aim to understand the association between various body composition parameters and renal function, as measured by cystatin C, in a community-based South Asian cohort.
Hypothesis: 
	We hypothesize that in a South Asian population recruited from the San Francisco Bay Area, higher measures of adiposity (including subcutaneous, visceral and hepatic fat) are associated with worse renal function as measured by cystatin C. 
Study Design:
This a cross-sectional analysis of a community-based cohort of 150 South Asians without known cardiovascular disease from the Metabolic Syndrome and Atherosclerosis in South Asians Living in America (MASALA) study. Sampling strategy and recruitment procedures have been described. 6 Participants were recruited from the San Francisco Bay Area between August 2006 and October 2007. This study was modeled on the Multi-Ethnic Study of Atherosclerosis (MESA). 7 Participants attended a single session to complete laboratory tests and clinical measurements. Data were analyzed on those with measures of cystatin C (n=149).
Demographic and Clinical Measurements
Participants completed interviewer-administered questionnaires to ascertain data about sociodemographics, behaviors, and lifestyle. Participants were also assessed for cardiovascular risk factors including hypertension, diabetes, and the metabolic syndrome. Metabolic syndrome was determined using the modified ATP III guidelines for Asians with a waist circumference cut-off of ≥ 80cm for women and ≥ 90cm for men. 8-10
Cystatin C Measurement
	Cystatin C was measured using the N Latex cystatin C kit (Dade-Behring/Siemens) on a BN II Nephelometer. A problem was found during calibration optimization in October 2008 and further investigation demonstrated about a 17% decline in the true cystatin C level on measurements made after mid-2007 starting with lot #040844. To achieve harmonization across reagent lots, cystatin C values measured using lot #040844 and onward were adjusted upwards by 17%. For the purposes of this analysis, harmonized cystatin C values were used.
Laboratory Measurements
Blood samples after a 12-hour fast were obtained to measure plasma glucose, insulin, total cholesterol, triglycerides, high density lipoprotein (HDL)-cholesterol, creatinine (Cr), adiponectin, and C-reactive protein (CRP). Low density lipoprotein (LDL)-cholesterol was calculated using the Friedewald formula. GFR was estimated using Cr.  The homeostasis model assessment (HOMA)-insulin resistance (IR) was used to measure IR and calculated as [Insulin0(µIU/ml) x Glucose0(mmol/l)/22.5]  and HOMA-β was used to measure β-cell function and was calculated as [20 x Insulin0(µIU/ml)/ Glucose0(mmol/l)-3.5]. 11 In addition, blood samples for insulin and glucose were taken 120 minutes after the administration of a 75-g oral glucose load. Spot urine albumin-to-creatinine ratios with sex-specific cutpoints were used to define microalbuminuria. 12
Body Composition Measurements
Measurements of participant weight (kg) and height (cm) were used to determine body mass index (BMI). Waist circumference was measured (in cm) at the site of maximum circumference. Total lean and fat mass was assessed using dual-energy x-ray absorptiometry. Percent body fat was determined using the measures of total lean and fat mass. Computed tomography (CT) was used to determine abdominal visceral and subcutaneous fat area. Non-enhanced CT images of liver and spleen density were obtained to quantify hepatic fat content. The presence of fatty liver was defined by a liver-to-spleen attenuation ratio (L:SAR) of < 1 and liver-minus-spleen attenuation ≤ -10 Hounsfeld units (HU), lower values representing greater amounts of hepatic fat. 13-15
Statistical Methods:
	Characteristics of the MASALA participants (n=149) were compared across tertiles of cystatin C using the chi-square test [for categorical predictors], analysis of variance (ANOVA) [for normally distributed predictors] and Kruskall-Wallis test [for predictors with a skewed distribution]. Pearson and Spearman correlations among potential covariates were used to assess collinearity. Bivariate results with a p-value < 0.20 and with biologic plausibility were entered into the multivariate models.
	Sequential multivariate models were specified to assess the relationship between cystatin C and each body composition measure including BMI, waist circumference (per 10cm), subcutaneous fat area (per 10cm2), visceral fat area (per 10cm2) and hepatic fat as measured by liver-minus-spleen attenuation. Given a continuous outcome, stepwise linear regression was conducted to adjust for covariates. Models were assessed for normality, constant variance, linearity and influential points. To achieve normality, cystatin C was log transformed. To achieve constant variance, CRP was log transformed. To achieve linearity in the model evaluating hepatic fat, one outlier observation was dropped. All models achieved linearity and addition of a quadratic term did not improve model prediction. Models adjust for the following in a stepwise manner: first for age and sex; then for history of ever smoking; next for hypertension and diabetes; then for both HDL and triglycerides; and finally for a measure of inflammation, CRP. The final models were also repeated excluding influential data points. In addition, models adjusting only for statistically significant variables (p < 0.05) from the final stepwise model were evaluated.  P-values of < 0.05 were considered statistically significant.
	STATA (version 13.1, College Station, TX) was used for these analyses.
Results:
Univariate Analysis 
Of the 149 South Asians enrolled in the MASALA study, 50% were male and the average age was 57±8 years. Baseline characteristics of study participants by tertile of cystatin C are shown in Table 1. Both older age and male sex were associated with higher levels of cystatin C. In addition, higher energy-adjusted carbohydrate intake was marginally associated with higher levels of cystatin C while lower energy-adjusted protein intake was associated with higher levels of cystatin C. Higher systolic blood pressure was associated with cystatin C although diastolic blood pressure and hypertension were not associated. In addition, diabetes was associated with higher levels of cystatin C but glucose metabolism measures except for 2-hour post-challenge glucose were not associated. Lower HDL was marginally associated with higher levels of cystatin C. Higher levels of CRP were very strongly associated with higher levels of cystatin C. Lower eGFR was associated with higher levels of cystatin C although presence of albuminuria was not associated. In terms of body composition parameters, higher levels of BMI, waist circumference, total body fat, visceral fat area and hepatic fat as measured by liver-minus-spleen attenuation were associated with higher levels of cystatin C. 
Multivariate Analysis
To further investigate the association between body composition parameters and cystatin C, multivariate analyses were conducted and adjusted for age, sex, smoking history, diabetes, hypertension, HDL, triglycerides, and CRP in a stepwise manner (Table 2). After full adjustment, both BMI (p=0.04) and subcutaneous fat area (p=0.02) remained strongly associated with cystatin C although the degree of statistical significance was attenuated with addition of CRP to the model. However, the association between waist circumference and cystatin C was completely attenuated (p=0.64) with addition of CRP to the model. The association between visceral fat area and cystatin C was statistically significant in unadjusted analyses (p=0.006) but was progressively attenuated with stepwise adjustment for covariates with a marked attenuation in the association after adjustment for hypertension, diabetes, lipids and CRP (p=0.54). Finally, the association between hepatic fat (measured by liver-minus-spleen attenuation) and cystatin C was not statistically significant although in unadjusted analyses and analyses that adjusted for age, sex and smoking history, the association did approach statistical significance (p=0.10). However, the association was further attenuated by addition of hypertension, diabetes, lipids and CRP to the model (p=0.75). Results were unchanged when analyses were repeated excluding influential data points (data not shown). Similar results were obtained with models adjusting only for clinically significant covariates (with p<0.05 in final model from Table 2) (Table 3). 
Conclusions:
In a cross-sectional analysis of a community-based cohort of South Asians without known cardiovascular disease, several measures of body composition were strongly associated with cystatin C, a novel measure of renal function, in unadjusted analyses. After stepwise adjustment for demographic and metabolic covariates and CRP, a measure of inflammation, BMI and subcutaneous fat area remained strongly associated with cystatin C. However, the association of waist circumference and visceral fat area was completely attenuated after adjusting for metabolic covariates and CRP. While statistical significance was not achieved, a similar attenuation was seen in the model evaluating hepatic fat as measured by liver-minus-spleen attenuation.
Implications:
These results imply that various measures of body composition are associated with renal function as measured by cystatin C. However, the nature of their association differs. More specifically, overall adiposity, as measured by BMI and subcutaneous fat, are independently associated with cystatin C. However, the association between metabolically active adipose tissue – waist circumference, a surrogate measure of abdominal adiposity; visceral fat; and hepatic fat – and cystatin C, is mediated by metabolic parameters and inflammation. 
Prior data on the association between body composition and cystatin C are conflicting. The  Framingham Offspring Study found that both visceral and subcutaneous adipose are associated with chronic kidney disease as defined by cystatin C. 16 However, another study found no association between adiposity and loss of GFR measured by cystatin C. 17 In addition, adipose tissue has been reported to secrete cystatin C therefore making it difficult to determine the contribution of adiposity to renal disease using cystatin C. 18 Further studies are needed to understand the true contribution of adiposity to renal disease measured by cystatin C.
Visceral fat (abdominal adiposity) is biologically distinct from subcutaneous fat in that it secretes more inflammatory markers and is more metabolically active. 19 The visceral adipose inflammation and metabolic alterations are thought to cause renal injury. 20,21 Our results are consistent with this hypothesis. CRP and other inflammatory markers including interleukin-6 (IL-6) and tumor necrosis factor (TNF)-α have been shown to play a role in renal disease. 21 In fact, de Boer et al 17 found that the association between obesity (measured by BMI, waist circumference and fat mass) and renal function (measured by eGFR) is markedly attenuated by hypertension, diabetes, and CRP. And Axelsson et al 19 found that IL-6 is independently associated with total fat mass and truncal fat mass in patients with end-stage renal disease. While studies in South Asians are lacking, these studies suggest that the association between visceral (abdominal) adiposity and renal disease is mediated by metabolic dysregulation and inflammation.
Furthermore, an Italian study in nondiabetic obese women found that greater expression of inflammatory markers (including TNF-α) in subcutaneous fat is associated with greater renal dysfunction as measured by albumin excretion rates suggesting that the association between subcutaneous adipose and renal function is also mediated by inflammation. 22 Our study found that inflammation may partially explain the association between subcutaneous fat and renal function as demonstrated by partial attenuation of the association with addition of CRP to the model.
	This is the first study to evaluate the association between body composition and renal function, measured by cystatin C, in a South Asian population. Larger scale studies in South Asians are warranted as prior studies have primarily been conducted in Caucasians. Given that this was a cross-sectional study, causal inferences cannot be made. Our study may have lacked power to detect an association between hepatic fat and cystatin C. Studies in South Asians to further define the role of adipose inflammation and hepatic fat in renal disease are warranted. 
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Table 1. Baseline Characteristics* of MASALA study participants by Tertile of Cystatin C, 2006-2007
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	Characteristic
	Tertile 1, n=52 (0.48-0.80 mg/L)
	Tertile 2, n=54 (0.81-0.90 mg/L)
	Tertile 3, n=43 (0.91-1.49 mg/L)
	P-value

	Sociodemographic Characteristics

	Age (years)
	55 ± 7
	56 ± 7
	61 ± 9
	0.002

	Male sex
	17 (33)
	29 (54)
	29 (67)
	0.003

	Income (< $100K)
	23 (44)
	27 (50)
	22 (51)
	0.76

	Behavioral Characteristics

	Alcohol (≥1 drink/week)
	27 (52)
	29 (54)
	18 (42)
	0.47

	Ever smoke
	8 (15)
	6 (11)
	11 (26)
	0.16

	Physical activity (METS/week)
	1208 (810, 2321)
	1365 (563, 2940)
	1470 (578, 2370)
	0.95

	Dietary Pattern
    Western
    Vegetarian
	
20 (38)
32 (62)
	
26 (48)
28 (52)
	
13 (30)
30 (70)
	0.20

	Food type (consume meat)
	31 (60)
	27 (50)
	28 (65)
	0.18

	Total calories (kcal/day)
	1760 (1339, 2120)
	1860 (1420, 2406)
	1898 (1555, 2358)
	0.53

	Energy-adjusted carbohydrates (grams/day)
	271 ± 34
	283 ± 35
	286 ± 30
	0.06

	Energy-adjusted protein (grams/day)
	75 ± 18
	69 ± 14
	65 ± 10
	0.004

	Energy-adjusted fat (grams/day)
	61 ± 11
	59 ± 10
	60 ± 10
	0.50

	Psychological Factors

	Chronic burden
	30 (58)
	28 (52)
	21 (49)
	0.68

	CES-D Score ≥ 16
	5 (10)
	5 (9)
	6 (14)
	0.72

	Biological Factors

	Systolic blood pressure (mmHg)
	120 ± 18
	123 ± 15
	133 ± 14
	< 0.001

	Diastolic blood pressure (mmHg)
	70 ± 12
	74 ± 11
	74 ± 9
	0.08

	Hypertension
	17 (33)
	23 (43)
	23 (53)
	0.12

	Fasting glucose (mg/dL)
	90.4 (85, 105.5)
	96.1 (88.2, 115)
	97.9 (87.8, 116)
	0.19

	2-hour post-challenge glucose (mg/dL)
	129 (106, 203)
	142 (108, 172)
	166 (144, 267)
	0.02

	HOMA-IR (μIU/mL*mmol/L)
	2.35 (1.77, 3.51)
	2.31 (1.74, 3.99)
	2.69 (2.16, 5.03)
	0.13

	HOMA-β ((μIU/mL)/(mmol/L))
	135 (94, 170)
	117 (55, 179)
	133 (76, 184)
	0.36

	Diabetes
	14 (27)
	14 (26)
	12 (29)
	0.01

	Total cholesterol (mg/dL)
	193 ± 31
	186 ± 32
	184 ± 38
	0.37

	LDL-cholesterol (mg/dL)
	117 ± 28
	112 ± 29
	108 ± 35
	0.37

	HDL-cholesterol (mg/dL)
	52 ± 15
	49 ± 12
	45 ± 14
	0.07

	Triglycerides (mg/dL)
	109 (90, 150)
	118 (83, 151)
	134 (99, 197)
	0.12

	Metabolic syndrome
	19(37)
	19 (35)
	20 (47)
	0.48

	C-reactive protein (μg/mL)
	1.05 (0.65, 1.62)
	1.26 (0.7, 2.27)
	1.95 (0.87, 4.74)
	0.02

	Total adiponectin (μg/mL)
	6.1 (4.2, 9.8)
	6.1 (4.1, 9.6)
	6.3 (4.6, 9.3)
	0.98

	Other Measures of Renal Function

	Estimated GFR (ml/min/1.73m2)
	89 (76, 108)
	76 (68, 94)
	78 (62, 97)
	0.01

	Micro- and macro albuminuria
	8 (15)
	7 (13)
	10 (23)
	0.38

	Body Composition

	Body mass index (kg/m2)
	25.2 ± 3.5
	25.5 ± 4.8
	28.2 ± 5.1
	0.002

	Waist circumference (cm)
	94.0 ± 11.1
	94.6 ± 13.0
	101.0 ± 12.2
	0.01

	Waist-hip ratio
	0.94 ± 0.07
	0.94 ± 0.07
	0.96 ± 0.06
	0.24

	Total fat (kg)
	23.5 ± 6.0
	23.5 ± 8.6
	27.3 ± 9.2
	0.04

	Subcutaneous fat (cm2)
	218 (171, 279)
	226 (170, 278)
	256 (206, 374)
	0.09

	Visceral fat area (cm2)
	122.5 ± 51.0
	125.7 ± 52.5
	156.5 ± 62.4
	0.006

	Liver-minus-spleen (HU)
	17 (7.8,19)
	12.5 (3,17.3)
	8.3 (5.3,14.3)
	0.03

	Liver-to-spleen attenuation ratio
	1.27 ± 0.24
	1.21 ± 0.25
	1.17 ± 0.21
	0.20

	Fatty liver
	6 (14)
	11 (21)
	7 (18)
	0.63


*Values represent n(%) for chi-square analyses, mean±SD for ANOVA and median (25th percentile, 75th percentile) for Kruskall-Wallis test. P-values resulted using the chi-square test, ANOVA or Kruskall-Wallis test as appropriate.
Abbreviations: MASALA (Metabolic Syndrome and Atherosclerosis in South Asians Living in America), CES-D (Center for Epidemiologic Studies-Depression scale), HOMA (homeostasis model assessment), IR (insulin resistance), LDL (low-density lipoprotein), HDL (high-density lipoprotein), GFR (glomerular filtration rate), HU (Hounsfeld unit)



Table 2 and Table 3 – Multivariate results
(See attached Word document)
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