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Abstract
Background—The role of obesity as a risk factor for cardiovascular disease in patients with chronic
kidney disease (CKD) is poorly understood. Waist to hip ratio (WHR) is less influenced by muscle
and bone mass than body mass index (BMI). We compared WHR and BMI as risk factors for cardiac
events (myocardial infarction, fatal coronary disease) in persons with CKD.

Study Design—Cohort Study.

Setting and Participants—Persons with CKD, defined as a baseline estimated glomerular
filtration rate between 15 and 60 mL/min/1.73m2, drawn from two community studies: the
Atherosclerosis Risk in Communities Study and the Cardiovascular Health Study.

Predictor—Waist to Hip Ratio, Waist Circumference and Body Mass Index.

Outcomes and Measurements—Myocardial infarction and fatal coronary heart disease.

Results—Among 1,669 participants with CKD, mean age was 70.3 years and 56% were women.
Mean WHR was 0.97 ± 0.08 in men and 0.90 ± 0.07 in women; mean BMI was 27.2 ± 4.6 kg/m2.
Over a mean of 9.3 years of follow-up, there were 334 cardiac events. In multivariable adjusted Cox
models the highest WHR group (n=386) was associated with an increased risk of cardiac events
compared with the lowest WHR group [HR (95% CI) = 1.36 (1.01–1.83]. Obesity defined by BMI
>30 kg/m2 (n= 381) was not associated with cardiac events [HR (95% CI) = 0.86 (0.62–1.20)] in
comparison to participants with normal BMI. The results with waist circumference were similar to
those with BMI.

Limitations—Absence of a gold standard for measurement of visceral fat.
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Conclusions—WHR, but not BMI, is associated with cardiac events in persons with CKD. Relying
exclusively on BMI may underestimate the importance of obesity as a cardiovascular disease risk
factor in persons with CKD.

INTRODUCTION
Chronic kidney disease (CKD) is increasing in incidence and prevalence in the US with
approximately 13% of adults in the US affected.1 CKD is now recognized as an independent
risk factor for myocardial infarction (MI) and cardiovascular mortality.2–5 With the increasing
incidence of hypertension and diabetes in the aging population, the number of individuals with
CKD is increasing. Similar to the general population, the primary cause of death in persons
with CKD is cardiovascular disease (CVD).

Obesity also increases the risk of CVD-related mortality in the general population.6, 7 During
the past 20 years, the prevalence of obesity among adults has risen dramatically in the United
States, with the latest data from the National Center for Health Statistics showing that 30
percent of U.S. adults (>60 million people) are obese.8 However, the role of obesity as a risk
factor for MI and mortality in patients with CKD is not well understood. Previous studies that
have used body mass index (BMI) to evaluate obesity as a risk factor for adverse outcomes in
CKD have conflicting results,9–13 potentially reflecting the role of muscle, fat and bone mass
in determining BMI. In CKD, where muscle wasting is common, lower BMI may reflect either
decreased visceral fat (and lower CVD risk) or decreased muscle mass (and higher CVD risk),
with the net effect of BMI on outcomes dependent on the relative contributions of each.12

Waist to hip ratio (WHR), a measure of central obesity and visceral fat, may be a better indicator
of obesity than other anthropometric measures, including BMI, as high WHR can reflect both
an increase in visceral fat as well as a relative lack of gluteal muscle, both of which have been
found to be independently associated with cardiovascular disease risk.14–17 Since WHR is a
more sensitive marker for central obesity and potentially less influenced by muscle mass, WHR
may be better indicate risk associated with obesity in a population with a high prevalence of
muscle loss and malnutrition, such as individuals with CKD. Therefore we compared WHR
and BMI as risk factors for MI and cardiovascular mortality in individuals with CKD.

METHODS
Study Population

Individual patient data were pooled from two limited-access, publicly-available, community-
based longitudinal studies: Atherosclerosis Risk in Communities (ARIC) and Cardiovascular
Health Study (CHS). ARIC recruited 15,792 subjects, between the age of 45 to 64 years, from
four geographically diverse communities throughout the US between 1987 and 1989 with
follow up visits in 3-year intervals.18 CHS included 5,201 subjects, 65 years and older,
randomly selected from Medicare eligibility files during 1989 and 1990. As African-Americans
were underrepresented in the initial cohort, a second cohort of 687 African-American
participants was recruited between 1992 to 1993.19 A more detailed description of the methods
utilized for the ARIC and CHS studies has been previously published.18, 19

Both studies have meticulous ascertainment of CVD events during follow-up period. Pooling
these cohort studies provides a large CKD cohort that allows thorough examination of our
hypothesis and enhances generalizability by drawing from multiple community studies with a
broad age range.
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Assessment of Kidney Function
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 National Health and Nutrition Examination Survey (NHANES) III values and used the
4-variable modification of diet in renal disease (MDRD) equation to estimate glomerular
filtration rate (GFR).3, 20

Baseline Anthropomorphic Measures
In both ARIC and CHS, waist circumference (WC) was measured using the smallest
circumference between the lower ribs and iliac crests. Hip circumference was measured using
the greatest circumference between iliac crest and thighs (measured at the level of maximal
protrusion of the gluteal muscles). Trained personnel performed all measurements. WHR was
calculated as the ratio of waist circumference to hip circumference. BMI was calculated by
dividing the 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 characteristics included demographics (age, sex, race, education status),
lifestyle characteristics (smoking, alcohol intake), medication use, past medical history
(diabetes, hypertension and CVD), physical examination findings (systolic blood pressure),
and laboratory variables (Serum creatinine, total cholesterol, albumin, hemoglobin). Race was
defined as white or African American. Education level was dichotomized by high school
graduation status. Cigarette smoking and alcohol use were dichotomized as current users and
non-users. Diabetes was defined by self-reported history, use of oral hypoglycemic medications
or insulin, or a fasting glucose ≥126mg/dL (7.0 mmol/L). Hypertension was defined as systolic
blood pressure ≥140mmHg, diastolic ≥;90mmHg or use of antihypertensive medication.
Baseline CVD 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. CKD was defined by baseline eGFR
between 15 and 60 ml/min/1.73m2 (0.25 and 1 mL/s/1.73m2).

Study Sample
From a pooled sample of 21,680 individuals, 356 were excluded for missing baseline serum
creatinine (n=329) or had a baseline eGFR <15 ml/min/1.73m2 (0.25 mL/s/1.73m2) (n=27).
Among the remaining 21,246 individuals, 1,669 had CKD. An additional 42 had missing
baseline covariate data, yielding a final study sample of 1,627 subjects (Figure 1).

Outcomes
The primary study outcome was a cardiac composite of MI and fatal coronary heart disease
(CHD). The definition of MI in both ARIC and CHS included evolving Q-wave MI, chest pain
plus abnormal enzymes and either an evolving ST-T pattern or a new left bundle branch block.
Both studies ascertained CHD events and mortality from CHD after baseline by evaluating all
hospitalizations and deaths. For patients hospitalized with potential MI, trained abstractors
recorded the presenting signs and symptoms, including chest pain, cardiac enzymes, and related
clinical information. Out-of-hospital fatal CHD events were investigated by an interview with
one or more next of kin and a questionnaire completed by the patient’s physician. A committee
of physicians using standardized criteria validated the CHD events. All fatal events were
evaluated by consensus committees and classified by specific cause of death. Secondary
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outcomes included stroke alone and a composite outcome of MI/fatal CHD, stroke and all-
cause mortality.

Statistical Analysis
BMI was examined as a categorical variable according to the World Health Organization
classification: normal (BMI 18.5–24.9 kg/m2), overweight (BMI 25–29.9 9 kg/m2), and obese
(BMI >30.0 kg/m2). Because there are no well-accepted cut-points for WHR and because our
goal was to compare WHR with BMI, we used the same percentages stratified by sex to divide
the participants into three WHR groups. Therefore, each group of WHR had similar number
of persons to that of the BMI groups. WHR and BMI were also evaluated as continuous
variables. Baseline characteristics were compared across WHR groups using analysis of
variance for continuous variables and Chi-square tests for categorical variables. We examined
the relationship of WHR and BMI using Pearson correlation and kappa statistics for agreement.

The functional forms of BMI and WHR and their associations with cardiac outcomes were
examined using restricted cubic splines with four knots and are graphically presented using
the Design library of S-Plus 6.1 (Insightful Inc. Seattle, WA).21 We then examined the
association between BMI and WHR categories and cardiac outcomes using Kaplan Meier
survival analyses. Multivariable Cox models were used to calculate the hazard ratio (HR) for
cardiac outcomes in relation to either WHR or BMI, after adjusting for demographics (age,
sex, race), lifestyle characteristics (smoking, alcohol intake), baseline CVD, CVD risk factors
(history of diabetes, history of hypertension, baseline creatinine, total cholesterol level,
albumin level) and study of origin. Patients were censored at the time of non-CHD deaths. The
assumption for proportional hazards was examined using scaled Schoenfeld and Deviance
residuals. The proportion hazards assumption was not violated.

Additional Analyses
To evaluate the utility of WC alone, it was studied as a continuous term in sex-specific models
of the primary cardiac outcome. To evaluate if the effect of WHR might be modified by sex,
an interaction between WHR (as a continuous variable) and sex was evaluated. We also
examined whether the relationship between WHR and cardiac outcomes was modified by the
presence of baseline CVD using an interaction term for WHR and CVD. As hypertension, high
cholesterol level, and diabetes may result from central and total adiposity and may mediate the
relationship between body habitus and mortality, sensitivity analyses were performed without
adjusting for these factors. To examine if results differed by study, we evaluated stratified Cox
models, which incorporate different baseline hazards for each study. Finally, we repeated the
analyses using different cut-points as defined by Kwan et al. and Kovesdy et al., to define the
BMI and WHR groups [group1 (<10th percentile), group 2 (10th to 50th percentile), group 3
(50th to 90th percentile), and group 4 (> 90th percentile)]. 10, 22 Analyses were performed
using SAS version 9.1.

RESULTS
Baseline Characteristics

Among 1,669 participants with CKD, 1,225 (73.4%) were from CHS. The mean (± standard
deviation) age was 70.3 ± 10.2 years, 56.4% were women and 14.3% African-Americans. Mean
WHR was 0.93 ± 0.08 (0.97 ± 0.08 in men and 0.90 ± 0.07 in women) and mean BMI was 27.2
± 4.6 kg/m2 for both men and women. Mean serum creatinine was 1.3 ± 0.4 mg/dL (115 ± 35
μmol/L), with mean eGFR of 51.1 ± 8.5 mL/min/1.73m2 (.85 ± .14 mL/s/1.73m2; Table 1).
Participants with higher WHR were more likely African-American, had a higher prevalence
of diabetes and CVD, and higher systolic blood pressure and total cholesterol levels. After
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excluding 4 participants with BMI <18.5, there were 590 (35.4%) participants in the ‘normal’
weight group, 693 (41.5%) in the ‘overweight’ group and 386 (23.1%) in the ‘obese’ group.

Concordance between WHR and BMI
The Pearson correlation between BMI and WHR was 0.31 and the weighted Kappa was 0.27.
Approximately half of the participants were ranked in the same BMI and WHR group (Table
2).

Univariate Analyses
Over mean follow-up of 9.3 years, there were 344 (20.6%) cardiac events, 198 (11.9%) stroke
events and 775 (46.5%) composite events of MI/fatal CHD, stroke and all-cause mortality.
Restricted cubic splines demonstrated that WHR was associated with cardiac events (p-value
<0.001), while BMI was not associated with cardiac events (p-value 0.15). The test for overall
effect of BMI on MI/fatal CHD was not significant (p-value=0.16). The test for overall effect
of WHR on MI/fatal CHD showed a significant association (p-value < 0.001) and the test for
departure from linearity was not significant for WHR (p-value=0.14) (Figure 2). Among
participants in the lowest WHR group, 17.5% had cardiac events while 22.3% and 22.4% of
the participants had cardiac events in the middle and highest WHR groups, respectively.
Individuals in the middle and highest groups were at significantly increased risk of cardiac
events compared to the lowest WHR group. In contrast, the individuals classified in the highest
BMI group (considered obese) were at reduced risk of cardiac events (Table 3 and Figure 3).

Univariate Models
Primary outcome—In univariate analysis of the continuous terms for WHR and BMI, higher
WHR was associated with cardiac events [HR= 1.53 (1.33–1.76), p<0.001) for each 0.1 unit
increase], while BMI was not a significant risk factor for cardiac events [HR= 0.99 (0.97–1.01),
p=0.30 for each 1 kg/m2 increase].

Secondary outcomes—WHR was not a significant risk for stroke in the unadjusted model
[HR 1.12 (0.94–1.33), while higher BMI was protective [HR 0.89 (0.81–0.98)]. WHR was
significantly associated with the composite outcomes in the unadjusted model [HR 1.32 (1.21–
1.45)]. BMI was protective for development of the composite outcome in the unadjusted model
[HR 0.92 (0.88–0.97).

Multivariable Models
Primary Outcome—In adjusted Cox models using continuous terms for WHR and BMI,
higher WHR showed a trend towards increased risk of cardiac events [HR=1.16 (0.99–1.35),
p-value =0.07) per 0.1 unit increase] while increasing BMI was not associated with cardiac
events [HR= 1.00 (0.97–1.02), p =0.72)]. When evaluated by groups, the highest WHR levels
were associated with a 36% increase in the risk of cardiac events [HR=1.36 (1.02–1.85),
p=0.04], compared to the lowest group. Neither overweight nor obesity as defined by BMI
classification was independently associated with cardiac events (Table 3).

Secondary Outcomes—In adjusted models, neither WHR nor BMI was significantly
associated with stroke [HR 0.87 (0.71–1.08) and HR 0.91 (0.81–1.01), for each 0.1 unit increase
in WHR and 1 kg/m2 unit increase in BMI, respectively].

Neither WHR nor BMI were significant risks for the composite outcome in the adjusted model
[HR 1.06 (0.96–1.19) and HR 0.96 (0.91–1.01), respectively].
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When evaluated by groups, the highest WHR levels were associated with a 23% increase in
the risk of developing the composite outcome [HR=1.24 (1.03–1.51), p=0.03], compared to
the lowest group. Overweight defined by BMI classification was not independently associated
with the composite outcome, while obese was protective against the development of the
composite outcome [HR=0.79 (0.64–0.99), p=0.04] (Table 3).

Additional Analyses
Using WC as a continuous term, in univariate analysis, higher WC was associated with cardiac
events [HR= 1.11 (1.02–1.20), p=0.02) for each one cm increase]. In adjusted Cox models,
increasing WC was not significantly associated with cardiac events [HR=1.03 (0.94–1.13), p-
value =0.55) per one cm increase]. There was no interaction between WHR (as a continuous
variable) and sex or WHR and CVD in the primary model (p=0.28 and p=0.77, respectively).
If hypertension, cholesterol level, and diabetes were not included in multivariable model, the
relationship between WHR and cardiac events was enhanced [HR=1.26 (95% CI: 1.08–1.47)
per 0.1 unit increase, p=0.004], while BMI was still not associated with cardiac events
[HR=1.01 (0.99–1.04) per 1 kg/m2 increase, p=0.27]. When, stratified by study, the results
were unchanged (data not shown). Similarly the results did not change if different cut-offs for
the BMI and WHR groups as proposed by Kwan et al. and Kovesdy et al were used (data not
shown). 10, 22

DISCUSSION
In the current study, we demonstrated that the highest group of WHR is associated with MI/
fatal CHD and a composite of MI/fatal CHD, stroke and all-cause mortality in subjects with
CKD. Neither WC nor BMI, were significantly associated with higher risk for any of these
outcomes. The highest BMI group (obese) was however protective for the composite outcome.
To our knowledge, these findings have not been previously described.

These results are consistent with similar findings in the general population.23 For example,
the INTERHEART study, a multi-center international prospective study with more than 27,000
participants, showed that the odds ratio of MI was significantly higher for each successive
quintile of WHR, while those of BMI were not significant.7 Increased WHR may be a sign of
higher waist circumference (reflecting increased visceral fat, a CVD risk factor), reduced hip
circumference (reflecting low gluteal muscle mass and/or low peripheral fat mass), or a
combination of these. High gluteal muscle mass and high peripheral fat may protect against
CVD.17, 24

There are several mechanisms though which visceral fat may promote CVD. 1) Visceral fat
leads to an increase in adipokines including leptin which may promote atherosclerosis by
enhancing endothelial cell activation and migration, smooth muscle cell proliferation and
vascular calcification.25, 26 Indeed, Wallace et al. noted that plasma leptin levels were
independently associated with CVD events, after adjusting for traditional CVD risk factors.
27 2) Proteins that are potentially protective against the development of diabetes and CVD
(adiponectin, glycogen synthase, and peroxisome proliferator activated receptor-gamma) have
lower levels of expression in visceral fat compared to the subcutaneous fat.28 3) Visceral fat
has more beta-adrenergic receptors and a decreased function of antilipolytic receptors, which
leads to higher rates of catecholamine-stimulated lipolysis and free fatty acids.29 4) Visceral
fat produces more plasminogen activator inhibitor-1, an inhibitor of fibrinolysis compared with
subcutaneous fat,30 while expression of angiotensinogen, a potential regulator of blood
pressure, is also higher in visceral fat.31 5) Visceral fat is associated with other CVD risk
factors such as metabolic syndrome (increased waist circumference, diabetes, hypertension,
hypercholesterolemia and atherosclerosis), inflammation and oxidative stress.
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In contrast to central fat, peripheral fat may confer a protective effect on cardiovascular health.
17 Several studies, including the Hoorn study, have showed that fat mass in the lower body is
inversely associated with the presence of diabetes.24, 32 In comparison to WHR, waist
circumference alone is a more crude measurement for abdominal obesity, while WHR takes
advantage of a reference body size - hip circumference. There are data from the general
population that show a high correlation between WC, WHR and visceral fat. Seidell et al.
demonstrated that WHR is highly correlated with visceral fat but not with subcutaneous fat.
WC was highly correlated with both visceral and subcutaneous fat, while BMI was highly
correlated with subcutaneous fat but not with visceral fat.33 The incorporation of a reference
body size and the fact that WHR is not associated with subcutaneous fat (the latter which in
fact may be protective) may explain why WHR is a better predictor of outcomes than WC.

The lack of agreement between WHR and BMI may reflect that these measures identify
different features of obesity, thereby indicating different distributions of fat (central obesity in
case of WHR vs. subcutaneous/total fat in case of BMI). Notably, BMI assesses the entire body
mass without differentiating between its components, namely muscle, visceral fat,
subcutaneous fat, bone and fluid. As CKD is associated with decreased muscle mass, BMI
might not be the best clinical anthropometric measure of fat in this population. In our study,
BMI demonstrated a trend toward a U shaped relationship with the primary outcome and the
highest BMI group was in fact protective for the composite outcome. The protective effect of
BMI has been seen particularly in patients with kidney failure (ESRD) and described as reverse
epidemiology.9,10 Whether this represents a change in the causal relationship between
classically understood risk factors and outcomes or a failure to adequately account for
confounding factors such as inflammation and malnutrition is not known.

Strengths and Limitations
Pooling the ARIC and CHS cohorts provides a large diverse population with a broad age range
within studies designed to evaluate CVD risk factors and events. However, there are several
limitations. First, there was only one measurement of creatinine to identify participants with
CKD. However, as subjects were not acutely ill at the time of study evaluation, these values
likely are consistent with usual kidney function. Second, neither study assessed albuminuria
at baseline. Third, results are limited by the absence of gold standard, such as DEXA, CT, or
MRI for assessment of body fat composition. Previous studies have however compared WHR
and BMI to these measurements and WHR was highly correlated with visceral fat measurement
using DEXA, and was also shown to be comparable to single slice CT scan. 34 Finally, as these
studies were conducted in the late 1980s and early 1990s, they did not measure several other
non-traditional CVD risk factors such as homocysteine, oxidative stress markers and
inflammatory markers; therefore unmeasured confounding remains a possibility.

Conclusion
WHR, but not BMI, was an independent risk factor for MI/fatal CHD in patients with CKD.
BMI may not be an accurate measure of obesity in this population and the cardiovascular burden
of obesity may be underestimated by relying on BMI. In conjunction with other clinical and
laboratory data, WHR may be a helpful tool for risk stratification in patients with CKD. Future
studies should confirm the consistency of these results in more advanced stages of CKD, as
the results of this analysis are primarily generalizable to stage 3 CKD. Additional studies should
also evaluate whether intentional reduction in WHR, whether through exercise, medication or
surgical intervention, is associated with a decrease in CVD events in individuals with CKD.
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Figure 1.
Derivation of the study cohort
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Figure 2.
Graphical presentation of restricted cubic splines of BMI and WHR on the log hazard of cardiac
events in unadjusted models. P <0.0001 for the association between WHR and cardiac events
and p=0.15 for the association between BMI and cardiac events. Standard error of the predicted
Xβ is zero at the reference value (the median)
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Figure 3.
Kaplan Meier survival analysis by groups of WHR and BMI
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Table 2
Distribution of WHR and BMI

BMI (range)** BMI 1 20–24.9 kg/m2 BMI 2 25–29.9 kg/m2 BMI 3 >30 kg/m2 Total

WHR (Range)**

WHR 1 (0.65–0.95)* 324
19.4%

205
12.3%

61
3.7%

590

WHR 2 (0.87–1.02)* 197
11.8%

333
19.9%

163
9.8%

693

WHR 3 (0.96–1.28)* 73
4.8%

156
9.4%

157
9.4%

386

Total 594 694 381 1669
*
Of note there is overlap between the groups because of the sex stratification for WHR

**
The numbers in the WHR and BMI groups are very slightly different because of ties in values

The diagonal (bolded) region represents the concordance between groups of WHR and BMI
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