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Abstract

Background—Chronic kidney disease (CKD) and obesity are important public health concerns. 

We examined the association between anthropomorphic measures and incident CKD and 

mortality.

Design—Cohort

Setting and Participants—Individual patient data pooled from the Atherosclerosis Risk in 

Communities Study and the Cardiovascular Health Study

Exposures—Waist to hip ratio (WHR), body mass index (BMI)

Outcomes—Incident CKD defined as serum creatinine rise of >0.4 mg/dL with baseline 

creatinine ≤1.4 mg/dL in men and 1.2 mg/dL in women and final creatinine above these levels, 

and, in separate analyses, as estimated glomerular filtration rate (eGFR) decline ≥15 mL/min/

1.73m2 with baseline eGFR ≥60 and final eGFR <60 mL/min/1.73m2.

Analysis—Multivariable logistic regression to determine the association between waist to hip 

ratio (WHR), body mass index (BMI) and outcomes. Cox models to evaluate a secondary 

composite outcome of all-cause mortality and incident CKD.

Results—Among 13,324 individuals, mean WHR was 0.96 in men and 0.89 in women and mean 

BMI was 27.2 kg/m2 in both men and women. Over 9.3 years, 300 (2.3%) in creatinine-based 

models and 710 (5.5%) in eGFR-based models developed CKD. In creatinine-based models, each 

standard deviation increase in WHR was associated with an increased risk of incident CKD [Odds 

ratio=1.22 (1.05, 1.43)] and the composite outcome [Hazard ratio=1.12 (1.06, 1.18)], while each 

standard deviation increase in BMI was not associated with CKD [Odds ratio=1.05 (0.93, 1.20)] 
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and appeared protective for the composite outcome [Hazard ratio=0.94 (0.90, 0.99)]. Results of 

eGFR-based models were similar.

Limitations—Single measures of creatinine, no albuminuria data.

Conclusions—WHR but not BMI is associated with incident CKD and mortality. Assessment of 

CKD risk should utilize WHR rather than BMI as an anthropomorphic measure of obesity.

Introduction

Chronic kidney disease (CKD) is increasing in incidence and prevalence in the US with 

approximately 13% of adults in the US affected (1). With the increasing incidence of 

hypertension and diabetes and the aging of the US population, the number of individuals 

with CKD will likely continue to rise (1). CKD is now recognized as an independent risk 

state for myocardial infarction and cardiovascular mortality, and, in its end stage, is 

responsible for tremendous morbidity, mortality and costs (2).

Obesity is also increasing in the United States and is associated with the comorbid 

conditions that cause CKD, including hypertension, diabetes and cardiovascular disease (3). 

Most previous studies evaluating obesity as a risk factor for CKD use body mass index 

(BMI) to define obesity and have shown discrepant results. For example, Hsu et al 

demonstrated that higher BMI was a risk factor for kidney failure in an insured US 

population while Iseki et al demonstrated that higher BMI was an independent risk factor for 

kidney failure in Japanese men but not Japanese women dwelling in Okinawa (4, 5). BMI is 

affected by muscle mass, fat mass and bone, and deviations from expected levels of muscle 

mass in particular can obscure the relationship between BMI and outcomes (6). Waist to hip 

ratio (WHR), a measure of central obesity and visceral fat, may be a better measure for 

obesity than other anthropometric measures, particularly in individuals with atypical body 

habitus (7). Therefore we examined both WHR and BMI as risk factors for development of 

kidney disease and mortality.

Methods

Study Population

Individual patient data were pooled from 2 limited-access, community-based, longitudinal 

studies: the Atherosclerosis Risk in Communities (ARIC) Study and the Cardiovascular 

Health Study (CHS). ARIC recruited 15,792 subjects, between the age of 45 to 64 years, 

from four geographically diverse communities between 1987 and 1989 (8). CHS included 

5,201 subjects, 65 years and older, randomly selected from Medicare eligibility files during 

1989 and 1990 (9). In both studies, follow-up occurred at 3-4 year intervals. An additional 

687 African American participants were recruited in CHS from 1992-1993 (year 5); they 

were not included here due to limited follow-up. Final serum creatinine measurement 

occurred at visit 4 in ARIC (1996-1998) and year 9 in CHS (1996-1997). Details of 

recruitment and follow-up for the studies are described elsewhere (8, 9).
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Creatinine Measurement and Calibration

In ARIC, baseline serum creatinine was assessed in 15,582 (99%) subjects, while in CHS it 

was assessed in 5,716 (97%) subjects. Because serum creatinine assays vary across 

laboratories, we indirectly calibrated mean individual study creatinine values from ARIC 

and CHS to mean National Health and Nutrition Examination Survey (NHANES) III values 

for a given age, race and sex, resulting in adjustments of −0.24 mg/dL (21 μmol/L) in ARIC 

and −0.11 mg/dL (10 μmol/L) in CHS values (10). Baseline serum creatinine values for the 

pooled cohort were determined by subtracting these adjustments from measured serum 

creatinine values. We also adjusted for changes in laboratory measurements over time using 

previously published calibration factors: in ARIC, 0.18 mg/dL (16 μmol/L) was added to 

visit 4 measurements, while, in CHS, 0.11 mg/dL (10 μmol/L) was subtracted from visit 3 

measurements (11). Estimated GFR was calculated with the 4-variable Modification of Diet 

in Renal Disease (MDRD) Study equation (10).

Waist to Hip Ratio and Body Mass Index

In both ARIC and CHS, waist circumference was measured in centimeters (cm) by trained 

personnel using the smallest circumference between the lower ribs and iliac crests. Hip 

circumference was measured in cm using the greatest circumference between iliac crest and 

thighs (measured at the level of maximal protrusion of the gluteal muscles). WHR is 

calculated by dividing waist circumference by hip circumference. BMI was calculated by 

dividing weight (kg) by height2 (m2). The quality control scheme for anthropometry 

involved equipment calibration and monitoring, as well as between-technician and within-

technician assessments of reliability.

Baseline Covariates

Other baseline variables included demographics (age, sex, race, education status), lifestyle 

characteristics (smoking, alcohol intake), medication use, past medical history (diabetes, 

hypertension and cardiovascular disease), examination findings (systolic and diastolic blood 

pressure, electrocardiogram results); and laboratory variables (total cholesterol, high density 

lipoprotein (HDL) cholesterol, albumin, glucose, hematocrit). Age in CHS was provided in 

2-year groups. We assigned the mean age for that group to create a continuous variable 

comparable to ARIC. Race was defined as white or African American. Education level was 

dichotomized according to high school graduation status. Cigarette smoking and alcohol use 

were dichotomized as current users and non-users. Diabetes was defined as having a self 

reported history of diagnosis, use of oral hypoglycemic or insulin, or a fasting glucose ≥126 

mg/dL (7 mmol/L). Hypertension was defined as systolic blood pressure ≥140 mm Hg, 

diastolic ≥ 90 mm Hg or use of antihypertensive medications. Left ventricular hypertrophy 

(LVH) was defined by electrocardiographic criteria. Baseline cardiovascular disease was 

defined by history of recognized or silent myocardial infarction, angina based on the Rose 

questionnaire, stroke, transient ischemic attack, intermittent claudication, and prior coronary 

angioplasty or bypass procedures.
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Study outcomes

The primary study outcome was incident CKD. This was defined as: 1) serum creatinine rise 

of >0.4 mg/dL (35 μmol/L) with baseline creatinine ≤1.4 mg/dL (124 μmol/L) in men and 

1.2 mg/dL (106 μmol/L) in women and final creatinine above these levels, and, in separate 

analyses, as 2) eGFR decline ≥15 mL/min/1.73m2 (0.25 mL/sec/1.73m2) with baseline 

eGFR ≥60 (1 mL/sec/1.73m2) and final eGFR <60 mL/min/1.73m2 (11). To account for the 

semi-competing outcomes of kidney function decline and all-cause mortality, the secondary 

outcome was a composite of development of kidney disease and time to death. In these 

models only, time to kidney disease was defined by duration between the initial and final 

creatinine measurements.

Study Sample

From a pooled sample of 21,680 individuals, we excluded the African American cohort from 

CHS enrolled at the time of the 2nd visit (n=687). Other exclusions were 340 individuals 

with missing baseline creatinine, age, sex or race data, 10 individuals with no follow-up 

data, 56 individuals missing either baseline BMI or WHR (8 without BMI only, 29 without 

WHR only and 19 without both), and 1,075 individuals missing other baseline covariates. Of 

these 1,075 individuals, 208 were missing baseline electrocardiograms to define LVH and 

551 individuals were missing data on baseline cardiovascular disease; these 551 individuals 

were from ARIC and similar at baseline to individuals without cardiovascular disease (data 

not shown). Because creatinine-based and eGFR-based analyses differed in their definitions 

of baseline kidney disease, final numbers differ by analysis, with 568 excluded for baseline 

reduced kidney function in the creatinine-based cohort and 1,496 in the eGFR-based cohort. 

There were 5,620 and 5,206 individuals with missing creatinine levels at the final visit in the 

creatinine-based and eGFR-based cohorts, respectively. These individuals were not analyzed 

in the primary analyses but were evaluated in secondary analyses that also assess all-cause 

mortality (Figure 1). Baseline characteristics in the manuscript are presented for the 

creatinine-based cohort.

Statistical Analysis

Baseline characteristics were compared with analysis of variance for continuous variables 

and chi-square tests for categorical variables; Pearson correlations among WHR, waist 

circumference and BMI were assessed. Restricted cubic splines were used to evaluate for 

non-linear relationships between anthropomorphic measures and outcomes. Multivariable 

logistic regression models were used to assess risk of incident CKD associated with baseline 

WHR or BMI adjusting for baseline covariates and study of origin. All models in both WHR 

and BMI analyses a priori adjusted for age, sex, African American race, high school 

graduation, prior cardiovascular disease, diabetes, hypertension, current smoking and 

alcohol consumption, systolic blood pressure, HDL and total cholesterol, albumin, 

hematocrit, baseline kidney function, and study of origin. To best compare the effects of 

WHR and BMI, risks are presented both per unit and per standard deviation increase in the 

independent variable. Because baseline anthropomorphic measurements may differ by sex, 

interaction terms between sex and both WHR and BMI were tested.

Elsayed et al. Page 4

Am J Kidney Dis. Author manuscript; available in PMC 2014 June 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Sensitivity Analyses

As diabetes, hypertension and cholesterol may mediate the relationship between obesity and 

development of kidney disease, we evaluated parsimonious multivariable models that did 

not adjust for history of diabetes and hypertension, HDL and total cholesterol, and systolic 

blood pressure. We also performed subgroup analyses of ARIC and CHS data. Finally, we 

examined the association of waist circumference (without normalization for hip 

circumference) and development of CKD in univariate and multivariable models.

Analyses were performed with SAS version 9.1. The Institutional Review Board at Tufts-

New England Medical Center approved this research.

Results

Baseline characteristics

Among 13,324 individuals, mean age was 57.4 years. Mean WHR was 0.96 ± 0.05 (median: 

0.96) in men and 0.89 ± 0.08 (median: 0.89) in women; mean BMI was 27.2 ± 3.8 (median: 

26.8) kg/m2 in men and 27.2 ± 5.6 (median: 26.2) kg/m2 in women. Mean baseline serum 

creatinine was 0.9 mg/dL (80 μmol/L) and mean GFR 89.8 mL/min/1.73m2 (1.50 mL/sec/

1.73m2) (Table 1).

Correlation among WHR, BMI and Waist Circumference

Among men, 51.6% of individuals in the upper quartile of WHR were in the upper quartile 

of BMI, while, among women, 46.7% of individuals in the upper quartile of WHR were in 

the upper quartile of BMI (data not shown); Pearson correlation was 0.55 in men and 0.44 in 

women for these two measures (p<0.0001 for both). However, BMI was highly correlated 

with waist circumference alone (0.89 in men and 0.87 in women, p<0.0001).

Univariate Analyses

Over 9.3 years, 300 (2.3%) and 710 (5.5%) developed CKD, using creatinine and eGFR-

based definitions, respectively. Individuals who developed CKD had significantly worse 

baseline kidney function and were more likely to be older, diabetic and hypertensive (Table 

2).

In univariate analysis of creatinine-based outcomes, each 0.1 increase in WHR was 

associated with an 81% increase in risk of developing CKD [Odds Ratio (OR)=1.81 (1.54, 

2.12)] while each two kg/m2 increase in BMI was associated with an 11% increase in the 

risk of developing incident CKD [OR=1.11 (95% CI: 1.06, 1.15)] (Table 3). Graphical 

representation was not consistent with a non-linear relationship (not shown).

Multivariable Analyses

In creatinine-based models, each unit increase in WHR but not BMI was associated with 

28% increase in the risk of developing kidney disease. In eGFR-based models, WHR 

trended to significance [OR=1.12 (0.99, 1.27)] while there was no relationship between 

increasing BMI and incident kidney disease (Table 3, Figures 2a and 2b). To compare the 

effects of WHR and BMI, the association of each standard deviation increase in WHR and 
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BMI and incident kidney disease are presented in Table 3. Interaction terms between WHR 

and sex as well as BMI and sex were non-significant in all analyses.

Mortality Analyses

In creatinine-based analyses, there were 1,879 deaths prior to the final visit. Each standard 

deviation increase in WHR was associated with a 41% increase in the composite outcome of 

incident CKD and mortality in univariate analysis and a 12% increase in multivariable 

analysis while each standard deviation increase in BMI was non-significant in univariate 

analysis and was associated with a 6% decreased risk of the composite outcome in 

multivariable models (Table 4). Models using eGFR were similar.

Sensitivity Analyses

Analyses that excluded potential mediators of obesity on kidney disease revealed a 

statistically significant risk of outcomes using creatinine-based models with both WHR and 

BMI [OR=1.48 (1.28, 1.70) and OR=1.26 (1.12, 1.41) per standard deviation rise, 

respectively], although the association with WHR was more marked. WHR [Hazard Ratio 

(HR)=1.22 (1.16, 1.29)] but not BMI [HR=1.03 (0.99, 1.08)] was independently associated 

with the composite outcome [HR=1.22 (1.16, 1.29) and HR=1.03 (0.99, 1.08) per standard 

deviation rise, respectively]. Subgroup analyses using ARIC and CHS data had similar 

results, and, although the term for study was significant in models evaluating incident 

kidney disease, the study term was no longer significant when mortality was included as an 

outcome (data not shown). In additional analyses, waist circumference alone was highly 

correlated with BMI and was not a significant predictor of incident kidney disease (data not 

shown).

Discussion

In a generalizable, community-based US population, waist to hip ratio but not body mass 

index was associated with development of reduced kidney function. Additionally, waist to 

hip ratio was associated with an increased risk of the composite outcome of reduced kidney 

function and mortality while increased BMI appeared protective for this outcome. Given 

epidemic rates of obesity and progressively increasing rates of chronic kidney disease and 

kidney failure, the ability to identify risk factors for developing kidney disease is critical to 

addressing this public health problem.

Obesity is associated with many of the factors that cause both kidney disease and kidney 

disease progression, including diabetes, hypertension, and cardiovascular disease. Most 

public health literature in the United States focuses on use of BMI to identify obesity and its 

sequelae, as BMI correlates with body fat in most individuals (12, 13). However, BMI has 

limitations - notably BMI does not distinguish between weight from muscle and fat, between 

visceral and subcutaneous fat, and between peripheral and central adiposity. Although 

alternate measures of obesity exist including WHR, the public health community’s focus 

remains on BMI as the primary marker of obesity. This likely reflects ease of measurement 

as well as predictive ability in younger and healthier individuals.
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In defining obesity, several recent guidelines also incorporate waist circumference (14, 15), 

potentially a better marker of visceral fat in individuals with CKD (16). Although hip 

circumference is a less well-studied marker, one recent prospective evaluation of 24,508 

residents of Norfolk, UK demonstrated that WHR was independently and more consistently 

predictive of coronary heart disease than waist circumference or BMI, and, at any given 

waist circumference, those with greater hip circumference had lower coronary heart disease 

rates than those with smaller hips (17). The benefits of increased hip circumference after 

controlling for central obesity may reflect the differing metabolic properties of peripheral 

versus central adiposity (18, 19).

In this study, we found an association between WHR ratio and incident CKD but not 

between BMI and incident CKD. This association was present despite adjustment for several 

potential mediators of the effects of obesity on kidney disease. Further we found that 

elevated BMI was protective for a composite outcome that included mortality; in contrast, 

we found that increased WHR was a risk factor for this same composite outcome. This 

finding may foreshadow the altered risk factor relationship seen in chronic disease states, 

including heart failure and kidney failure requiring dialysis, where higher BMI is associated 

with improved survival (20, 21).

Although WHR and BMI are often highly correlated, they may identify different body types. 

BMI provides information about body volume and mass, while waist circumference, 

optimally presented as WHR, provides information about body shape and fat distribution 

(22). BMI is a less specific measure less able to differentiate between visceral and 

subcutaneous fat as well as between central and peripheral fat. Critically, excess visceral fat 

more so than subcutaneous fat is associated with cardiovascular disease and cardiovascular 

disease risk factors (23).

Other factors may mediate the pathway between WHR and development of kidney disease; 

these include features of the metabolic syndrome (increased waist circumference, 

hyperglycemia, hypertension, hypercholesterolemia and atherosclerosis), inflammation and 

oxidative stress. In the current analysis, we adjusted for many metabolic risk factors at 

baseline; this fully attenuated the relationship between BMI and development of kidney 

disease while the relationship between WHR and kidney disease remained robust, 

suggesting that WHR identifies additional risk beyond that suggested by pre-existing 

diabetes, hypertension and dyslipidemia. Additionally other unmeasured factors associated 

more with visceral obesity than subcutaneous obesity, including leptin, plasminogen 

activator inhibitor-1, and angiotensinogen, may contribute to incident kidney disease (24). 

The differences in our study between WHR and BMI may reflect the fact that they assess 

different features of obesity and potentially different forms of fat (central obesity and 

visceral fat with WHR versus subcutaneous and total fat with BMI).

Several prior studies have used BMI to investigate the association of obesity and 

development of kidney disease (generally eGFR<60 mL/min/1.73m2). In the Physicians 

Health Study, each kg/m2 increase in baseline BMI assessed in 1982 was associated with a 

statistically significant 3% increased risk of kidney disease after fourteen years follow-up in 

adjusted analyses (25). Baseline kidney function was not measured in this cohort. Similarly 
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in an analysis of the Hypertension Detection and Follow-Up Program which recruited 5,897 

hypertensive adults in 1974, higher baseline BMI was significantly associated with incident 

CKD (26). Finally, evaluation of the Framingham Offspring Study, recruited from 

1978-1982, found a statistically significant 23% increased risk per standard deviation 

increase in BMI in adjusted analyses after indirectly calibrating baseline and subsequent 

serum creatinine measurements (27). Critical differences between the current study and 

these studies include: 1) Requirement of a clinically significant change in kidney function to 

meet the definition of incident kidney disease; 2) Indirect calibration of creatinine to allow 

comparison between study periods; 3) Use of a community-based rather than selected 

population; and 4) Marked changes in the prevalence and nature of obesity in the US from 

1970s and early 1980s when recruitment was ongoing for these studies versus the late 1980s 

and early 1990s, when the participants in the current study were recruited (28).

This study has several important strengths. Pooling the ARIC and CHS cohorts provides a 

large diverse population with more than 9 years of follow-up that allowed adjustment for 

critical risk factors and enhanced generalizability as evidenced by the similarity in BMI 

levels to those seen in NHANES III. Additionally, as the studies were designed to evaluate 

cardiovascular disease (CVD), both ARIC and CHS devoted considerable effort to 

identifying CVD and CVD risk factors at study enrollment.

There are also several limitations of this analysis, including use of single measurements of 

creatinine at each time point. However, as subjects were not acutely ill at the time of study 

evaluation, these values likely are consistent with chronic kidney function. Additionally, we 

set conservative definitions for incident kidney disease that required significant changes in 

serum creatinine levels and eGFR over time that exceed that expected by chance and 

laboratory error. A second limitation is the lack of albuminuria data, an important risk factor 

for development of kidney disease that may also be associated with obesity. Third, we have 

limited data available on socioeconomic status and rely on education level as a proxy for this 

potentially important risk factor. Finally, results are limited by the absence of gold standard 

for body fat assessment, although previous studies evaluating WHR and BMI concurrent 

with imaging have noted that WHR was highly correlated with visceral fat measurement on 

both DEXA and single slice CT scan (29).

In conclusion, WHR, but not BMI, is an independent risk factor for development of reduced 

kidney function in a diverse, community-based population. Additionally, WHR was 

associated with an increased risk of the composite outcome of kidney disease and mortality 

while increased BMI appeared protective for this outcome. Further research should assess 

mediators of this relationship and gear education toward measurement of the waist to hip 

ratio rather than body mass index.
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Figure 1. 
Derivation of the study cohorts.
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Figure 2. 
Log-transformed adjusted odds and 95% confidence interval (dashed line) for developing 

kidney disease associated with (a) waist to hip ratio and (b) body mass index (based on 

serum creatinine models). Hatch marks represent the relative proportion of individuals at 

any given waist to hip ratio or body mass index. Models are plotted as restricted cubic 

splines with 4 knots and are adjusted for age, sex, race, education, cardiovascular disease, 

diabetes, hypertension, smoking, alcohol, systolic blood pressure, HDL and total cholesterol, 

albumin, hematocrit, baseline kidney function, and study of origin. P-values for linearity are 

0.6 and 0.9 respectively.
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Table 1

Baseline demographic and clinical data and sex-specific Pearson correlations between waist to hip ratio or 

body mass index and baseline data.

Total Pearson Correlation
Waist to Hip Ratio

Pearson Correlation
Body Mass Index

Demographics Men Women Men Women

Age 57.4 ± 9.0 0.05 0.11 −0.11 −0.07

Female 56.6 - - - -

African American 18.0 −0.18 0.06 0.05 0.28

High School Graduate 80.5 −0.07 −0.16 −0.02† −0.19

ARIC 80.4 0.01* 0.01* 0.10 0.07

Medical History

Diabetes 6.5 0.12 0.20 0.16 0.20

Hypertension 39.4 0.13 0.20 0.16 0.25

Cardiovascular Disease 12.7 0.06 0.06 0.02€ 0.04

Current Smoker 19.4 −0.02† <0.01* −0.11 −0.11

Current Alcohol Use 58.2 0.03£ −0.11 −0.02€ −0.20

ACE Inhibitor Use 4.9 0.06† 0.01* 0.07£ 0.08‡

Physical Findings

Systolic Blood Pressure 122.2 ± 18.7 0.11 0.21 0.13 0.23

Diastolic Blood Pressure 72.5 ± 10.7 0.06 0.13 0.19 0.26

LVH 1.6 <0.01* 0.04 0.02€ 0.02£

Body Mass Index 27.2 ± 4.9 0.55 0.44 1.00 1.00

Waist to Hip Ratio 0.92 ± 0.08 1.00 1.00 0.55 0.44

Laboratory Results

Serum Creatinine 0.9 ± 0.2 −0.02† <0.01* 0.05 0.05

Estimated GFR 90.4 ± 19.4 −0.05 0.02€ −0.02* 0.07

Hematocrit 41.7 ± 3.8 0.16 0.11 0.10 0.05

Total Cholesterol 213.9 ± 40.4 0.06 0.15 0.06 0.03£

HDL Cholesterol 52.7 ± 16.8 −0.26 −0.29 −0.26 −0.30

Albumin 4.1 ± 0.3 −0.03£ −0.05 −0.01* −0.20

ARIC, Atherosclerosis Risk in Communities; ACE, angiotensin converting enzyme; LVH, left ventricular hypertrophy; GFR, glomerular filtration 
rate; HDL, high-density lipoprotein

Percent using ACE inhibitors is based only on Cardiovascular Health Study (CHS) participants only.

All variables are % or mean ± standard deviation. Age is in years, blood pressure in mm Hg, body mass index in kg/m2, serum creatinine, total and 

HDL cholesterol in mg/dL, estimated GFR in mL/min/1.73 m2, hematocrit in %, and albumin in g/dL.

To convert creatinine to μmol/L, multiply by 88.4; to convert eGFR to mL/sec/1.73m2, multiply by 0.01667, to convert total and HDL cholesterol 
to mmol/L, multiply by 0.02586; and to convert albumin to g/L, multiply by 10.

P-value for Pearson correlations between clinical variables and WHR or BMI for all comparisons <0.001 except
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*
>0.2;

€
<0.2;

†
<0.1;

£
<0.05; and

‡
<0.01.
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Table 2

The distribution of risk factors, stratified by development of kidney disease.

Creatinine Model Estimated GFR Model

No Development
N =13,024
(97.7%)

Development
N =300
(2.3%)

No Development
N =12,100
(94.5%)

Development
N =710
(5.5%)

Demographics

Age 57.3± 9.0 61.6 ± 9.6 56.8 ± 8.7 60.5 ± 8.4

Female 56.9 46.0 56.0 59.2†

Black 17.7 28.7 18.9 17.2*

High School Graduate 80.8 68.0 81.0 74.5

ARIC 80.6 72.0 82.6 79.3‡

Medical History

Diabetes 6.1 23.7 6.0 14.2

Hypertension 38.7 68.3 37.3 60.4

Cardiovascular Disease 12.4 26.7 11.8 21.3

Current Smoker 19.4 20.0* 19.9 18.5*

Current Alcohol Use 58.5 45.0 58.8 49.6

ACE Inhibitor Use 5.0 3.6* 4.5 2.7*

Physical Findings

Systolic Blood Pressure 121.9 ± 18.5 134.6 ± 21.0 121.3 ± 18.3 130.7 ± 21.3

Diastolic Blood Pressure 72.5 ± 10.7 74.8 ± 12.4 72.6 ± 10.7 73.4 ± 11.9‡

LVH 1.4 6.3 1.4 3.8

Body Mass Index 27.2 ± 4.9 28.6 ± 5.1 27.2 ± 4.9 27.7 ± 4.9‡

Waist to Hip Ratio 0.92 ± 0.08 0.95 ± 0.07 0.92 ± 0.08 0.94 ± 0.07

Baseline Laboratory Results

Serum Creatinine 0.8 ± 0.2 1.0 ± 0.2 0.8 ± 0.2 0.9 ± 0.2

Estimated GFR 90.6± 19.4 80.8 ± 16.9 92.4 ± 18.5 82.1 ± 13.4

Hematocrit 41.7 ± 3.8 41.9 ± 4.4* 41.7± 3.8 41.6 ± 3.9*

Total Cholesterol 213.9 ± 40.3 215.9 ± 44.0* 213.4 ± 40.1 220.0 ± 44.8

HDL Cholesterol 52.8 ± 16.8 47.8± 15.1 52.8 ± 16.8 51.2 ± 16.7‡

Albumin 4.1 ± 0.3 4.0 ± 0.3 4.1 ± 0.3 4.1 ± 0.3‡

ARIC, Atherosclerosis Risk in Communities; ACE, angiotensin converting enzyme; LVH, left ventricular hypertrophy; GFR, glomerular filtration 
rate; HDL, high-density lipoprotein

Percent using ACE inhibitors is based only on Cardiovascular Health Study (CHS) participants only.

All variables are % or mean ± standard deviation. Age is in years, blood pressure in mm Hg, body mass index in kg/m2, serum creatinine, total and 

HDL cholesterol in mg/dL, estimated GFR in mL/min/1.73 m2, hematocrit in %, and albumin in g/dL.

To convert creatinine to μmol/L, multiply by 88.4; to convert eGFR to mL/sec/1.73m2, multiply by 0.01667, to convert total and HDL cholesterol 
to mmol/L, multiply by 0.02586; and to convert albumin to g/L, multiply by 10.
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P <0.001 for all comparisons within outcomes except

*
>0.2;

†
<0.1; and

‡
<0.05.
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Table 3

Unadjusted and adjusted associations between WHR, BMI and incident kidney disease.

Predictor Method Model
Per unit increase Per SD increase

OR 95% CI OR 95% CI

WHR

Creatinine

Unadjusted 1.81 1.54-2.12 1.60 1.41-1.82

Adjusted 1.29 1.07-1.56 1.22 1.05-1.43

eGFR

Unadjusted 1.35 1.22-1.49 1.27 1.17-1.37

Adjusted 1.17 0.99-1.34 1.09 0.99-1.21

BMI

Creatinine

Unadjusted 1.11 1.06-1.15 1.28 1.15-1.41

Adjusted 1.03 0.97-1.08 1.05 0.93-1.20

eGFR

Unadjusted 1.04 1.01-1.07 1.11 1.03-1.19

Adjusted 0.99 0.96-1.03 0.99 0.90-1.08

WHR, waist to hip ratio; BMI, body mass index; eGFR, estimated glomerular filtration rate; OR, odds ratio; SD, standard deviation

One unit increase is 0.1 unit increase in WHR or 1 kg/m2 increase in BMI.

Models adjusted for age, sex, African American race, high school graduation, prior cardiovascular disease, diabetes, hypertension, current smoking 
and alcohol consumption, systolic blood pressure, HDL and total cholesterol, albumin, hematocrit, baseline kidney function, and study of origin
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Table 4

Unadjusted and adjusted associations between WHR, BMI and the composite outcome of incident kidney 

disease and mortality.

Predictor Method Model
Per unit increase Per SD increase

HR 95% CI HR 95% CI

WHR

Creatinine

Unadjusted 1.54 1.45- 1.63 1.41 1.35- 1.48

Adjusted 1.15 1.08- 1.23 1.12 1.06- 1.18

eGFR

Unadjusted 1.45 1.37- 1.53 1.35 1.29- 1.41

Adjusted 1.11 1.04- 1.18 1.09 1.03- 1.14

BMI

Creatinine

Unadjusted 0.99 0.97- 1.01 0.98 0.94- 1.02

Adjusted 0.98 0.96- 1.00 0.94 0.90- 0.99

eGFR

Unadjusted 0.99 0.97- 1.01 0.98 0.94- 1.02

Adjusted 0.97 0.95- 0.99 0.93 0.88- 0.97

WHR, waist to hip ratio; BMI, body mass index; eGFR, estimated glomerular filtration rate; HR, hazard ratio; CI, confidence interval; SD, standard 
deviation

One unit increase is 0.1 unit increase in WHR or 1 kg/m2 increase in BMI.

Models adjusted for age, sex, African American race, high school graduation, prior cardiovascular disease, diabetes, hypertension, current smoking 
and alcohol consumption, systolic blood pressure, HDL and total cholesterol, albumin, hematocrit, baseline kidney function, and study of origin
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