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Abstract

Background—Excess weight is paradoxically associated with better cardiovascular disease
(CVD) outcomes and mortality in end-stage renal disease (ESRD) patients treated with
hemodialysis. This association has been observed in chronic kidney disease (CKD) as well. One
potential explanation for this inverse relationship is that the usual positive correlation between
severity of CVD risk factors and higher body mass index (BMI) is reversed in CKD. To test this
hypothesis, we determined the relationship between BMI and CVD risk factors in patients with
and without CKD.

Methods—This was a cross-sectional study of the nationally representative US National Health
and Nutrition Examination Survey (NHANES) 1999-2006. CKD was defined as glomerular
filtration rate <60 ml/min per 1.73 m2. Covariates were age, race/ethnicity, sex and use of relevant
prescription medications. Outcome variables were total cholesterol, LDL cholesterol, HDL
cholesterol, triglycerides, systolic blood pressure (SBP), diastolic blood pressure (DBP), C-
reactive protein (CRP) and fasting glucose (FG).

Results—There were 1,895 and 32,431 patients with and without CKD, respectively. Those with
CKD were older and had higher BMI. The shapes of the association between BMI and total
cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, SBP, CRP and FG were similar in
those with or without CKD. In a sensitivity analysis excluding patients taking relevant prescription
medications, our results did not differ substantially.

Conclusions—CKD did not alter the shapes of the association between higher BMI and CVD
risk factors. Inverse associations between BMI and CVD risk factors are unlikely to explain why
CKD patients with higher BMI may have better outcomes.
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Introduction

Although excess weight is associated with increased mortality in the general population,
among end-stage renal disease (ESRD) patients treated with hemodialysis, the relationship
between excess weight and death appears to be reversed (1-4). ESRD patients with higher
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body mass index (BMI) actually suffer fewer cardiovascular events and survive longer
compared with their leaner counterparts (1-5). Several mechanisms have been postulated to
explain this reverse relation between excess weight and mortality, including more stable
hemodynamic status, alterations in circulating cytokines and malnutrition-inflammation
syndromes (6, 7).

In the predialysis chronic kidney disease (CKD) population, several studies (8—13) have also
suggested an inverse relationship between excess weight and adverse outcomes. Among 920
patients with advanced CKD, a BMI (calculated as kg/m?) greater than 30 was associated
with lower mortality (13). In the Atherosclerosis Risk in Communities (ARIC) cohort,
higher BMI was associated with lower mortality in those with stage 3 CKD (11).

One potential explanation for the reverse association between BMI and cardiovascular
disease and mortality in patients with CKD may be that the usual positive association
between higher BMI and worse cardiovascular risk factors — such as higher lipid levels,
elevated blood pressure, more inflammation and high fasting glucose levels — are disrupted.
Here, in a nationally representative study sample, we test the hypothesis that the associations
between excess weight and selected cardiovascular disease risk factors among patients with
CKD are inversed compared with these associations observed among people without CKD.

Subjects and methods

Study design and study population

Predictors

Outcomes

This was a cross-sectional study of the National Health and Nutrition Examination Survey
(NHANES) 1999-2006. NHA-NES is a cross-sectional nationally representative complex
survey of the noninstitutionalized civilian population in the United States.

In NHANES 1999-2006, 39,352 adults completed both the medical evaluation and study
interview. Exclusion criteria for our study were unavailable serum creatinine measurement,
unavailable height or weight, or BMI <18.5 kg/mZ2. Participants with BMI <18.5 kg/m? were
omitted because our research question focused on excess weight. Additionally, there were
too few CKD participants in this range to make meaningful between-group comparisons.

BMI was a predictor variable that was obtained from the physical examination component of
NHANES 1999-2006 and was calculated as weight (in kilograms) divided by height (in
meters) squared (BMI = weight/height?). BMI was measured as a continuous variable for
our analysis.

CKD was defined as glomerular filtration rate (eGFR) <60 ml/min per 1.73 m? to
correspond to CKD stages 3-5 per the National Kidney Foundation staging system criteria
(14). eGFR was estimated using the 4-variable Modification of Diet in Renal Disease
(MDRD) Study equation (15). Standard adjustments as recommended by the NHANES
analytic guidelines were applied to serum creatinine laboratory measurements to account for
variations in technique across survey years (16). Patients were excluded if they reported
needing dialysis within the last 12 months.

Outcome variables included total cholesterol, low-density lipoprotein (LDL) cholesterol,
high-density lipoprotein (HDL) cholesterol, triglycerides, systolic blood pressure (SBP),
diastolic blood pressure (DBP), C-reactive protein (CRP) and fasting glucose (FG). Serum
samples were obtained during the exam and assays and frozen. LDL cholesterol,
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triglycerides and FG were measured in the subsample of participants whose exams were
scheduled in the morning and reported having fasted prior to the exam. All laboratory
outcome variables were measured continuously and reported in standard units. SBP and
DBP were measured in seated patients who had rested at least 5 minutes, via a standardized
protocol in which study physicians were trained and certified. The average of at least 3
consecutive readings was calculated.

Covariates included age, race/ethnicity and sex. Age was determined by self-report at the
time of examination and was reported as years. Race/ethnicity was determined by self report
and categorized as: (i) Mexican-American, (ii) other Hispanic, (iii) non-Hispanic white, (iv)
non-Hispanic black or (v) other. Laboratory data were obtained by standard NHANES
techniques (16). Use of medications for hypertension, dyslipidemia and diabetes was based
on self-report from questionnaires in which participants were asked, “Do you take pills for
condition [X].” Use of statin medications was ascertained from review of the participants’
prescription medication bottles.

Statistical analysis

Results

All analyses were performed using the complex survey functions in STATA version 10.0
(Stata, College Station, TX, USA). In accord with the NHANES analytic guidelines, sample
weights, strata and primary sampling unit variables were used to account for unequal
probabilities of selection and the multistage, stratified sample design (16). Observations
from the 1999-2002, 2003-2004 and 2005-2006 surveys were pooled, and overall 8-year
weights were calculated. Subsample fasting weights for LDL cholesterol, triglycerides and
FG measurements were calculated. Two-sided p values <0.05 were considered statistically
significant.

We first used # and Atests for survey data to assess unadjusted differences in continuous
and dichotomous variables by CKD status. We then used linear regression to determine
whether the association between BMI and cardiovascular risk factors differed by CKD
status. We adjusted for age, sex and race/ethnicity. The associations between BMI and total
cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, SBP, DBP, CRP and FG were
clearly nonlinear. Accordingly, the association between BMI and each risk factor was
modeled within the CKD and non-CKD groups using a restricted cubic spline with knots at
BMI values of 22, 24, 28, 32 and 39. ~Tests were used to assess differences in mean levels
of the outcome by overall CKD status.

In exploratory analyses, we also tested for interactions of CKD with age, sex and race/
ethnicity, but found no persuasive evidence for such effects. In addition, we performed
sensitivity analyses excluding participants taking medications likely to affect each outcome,
including antihypertensive medications (for SBP and DBP), lipid-lowering agents (for total
cholesterol, LDL cholesterol, HDL cholesterol and triglycerides), statins (for CRP) (17-25)
and insulin or oral hypoglycemic agents (for FG). We also repeated our analysis using the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation instead of the
MDRD Study equation to calculate eGFR (26).

In the study sample, there were 1,895 participants with CKD and 32,431 participants
without CKD after the exclusion criteria were applied. Of those with CKD, 1,733 had stage
3 CKD (eGFR 30-59 ml/min per 1.73 m2), 108 had stage 4 CKD (eGFR 15-29 ml/min per
1.73 m?) and 54 had stage 5 CKD (eGFR <15 ml/min per 1.73 m2). Those with CKD overall
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were older, more likely to be female, less likely to be African-American, had lower levels of
education and lower household income compared with those without CKD. Additionally,
those with CKD had a higher mean BMI and a higher prevalence of diabetes and coronary
artery disease (Tab. I).

Participants with CKD had higher total cholesterol, triglycerides, SBP, CRP and FG (Tab.
).

We found no evidence that the association between total cholesterol and BMI was modified
by CKD status (p=0.07) (Fig. 1). In both groups, total cholesterol increased with BMI and
then decreased above BMI >30 kg/m2. LDL cholesterol also did not clearly differ by CKD
status (p=0.054); LDL rose with increasing BMI and declined at the highest BMI levels for
both groups. HDL cholesterol was lower in those with CKD at basically all BMI levels
(p<0.001). In both groups, HDL cholesterol decreased with increasing BMI. Triglyceride
level was higher in those with CKD (p=0.01), but rose with increasing BMI among both
groups.

SBP did not differ by CKD status (p=0.3). In both groups, SBP rose with increasing BMI
(Fig. 2). In participants with CKD, DBP decreased at very high BMI while in participants
without CKD, DBP rose with increasing BMI (interaction p=0.007) (Fig. 3).

The association between BMI and CRP for the CKD and non-CKD groups did not differ by
CKD status (p=0.095). CRP rose with increasing BMI for both groups.

The association between BMI and FG for the CKD and non-CKD groups is shown in Figure
4. Interaction by CKD status was borderline statistically significant (p=0.04). But FG rose
with increasing BMI in both those with and without CKD.

Sensitivity analyses

In a sensitivity analysis excluding subjects on relevant medication use, our findings did not
change (results not shown). In addition, using the CKD-EPI equation to calculate eGFR and
define CKD vyielded similar results (results not shown) (26).

Discussion

The purpose of our study was to evaluate whether CKD modifies the shape of the
association between BMI and select cardiovascular risk factors in a nationally representative
population. Our results suggest that in patients with CKD, high BMI was also associated
with worsening cardiovascular risk factor profiles. Thus we found no support for our
hypothesis that these expected associations were reversed in patients with CKD, relative to
the general population.

We did note that the association between DBP and BMI differed in the 2 groups. These
results likely reflect the increased vascular stiffness in patients with CKD and excess weight
(27-35). Low DBP has been shown to be associated with adverse outcomes (36, 37),
therefore this does not likely explain why overweight patients with CKD have better
survival.

In both participants with and without CKD, we also found a decrease in total cholesterol and
LDL cholesterol at very high BMI. This is consistent with previous publications (38-40).
The mechanism for this association remains unclear.

Several prior studies have also examined the association between higher BMI and
cardiovascular risk factors among predialysis CKD populations (41). In an analysis of the
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ARIC cohort, the presence of CKD did not reverse the associations of body size with
metabolic syndrome and markers of inflammation (11). These findings are thus consistent
with our results, but our study examined a broader array of cardiovascular disease risk
factors, compared those patients with CKD to those without and relied on a nationally
representative cohort.

We did not find that the expected associations between BMI and select cardiovascular risk
factors were reversed in CKD. There are other potential mechanisms to explain the inverse
association between higher BMI and cardiovascular disease and mortality. Perhaps the
adverse effect of high FG level or lower HDL cholesterol or higher SBP is not the same in
CKD patients as it is in non-CKD patients.

Our study had several strengths. This was a nationally representative large sample of
subjects from the US population. Our results were similar using both the MDRD equation
and the CKD-EPI equation to estimated eGFR. We did sensitivity analyses to ensure that our
results were not due to confounding by medication use.

Our study had several limitations as well. Many of demographic characteristics of
participants with CKD were different compared with those without CKD (Tab. I); however,
this is likely representative of the US CKD population. More specific information about
participant comorbid diseases is lacking in this dataset. Most of the CKD participants had
stage 3 CKD. We were thus underpowered to examine the impact of different stages of
CKD, and it is possible that persons with more advanced stages of CKD exhibit different
associations between BMI and cardiovascular risk factors. We were not able to determine
the etiology of CKD in this dataset. The use of BMI as a marker of adiposity is imperfect;
however, it is the primary marker that has been used to demonstrate this reverse association
between BMI and mortality. Medication use was based on self-report, and residual
confounding may exist even after adjustment for medication use. Only one serum creatinine
measurement was available. Finally, this was a cross-sectional study, which limits causal
inference. We also did not have information on outcomes such as cardiovascular events and
mortality.

In conclusion, our results show that CKD does not significantly modify the association
between higher BMI and cardiovascular risk factors. Additional studies are needed to
explain why higher BMI has been observed to be associated with reduced risk of adverse
outcomes among patients with CKD.
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Fig. 1.

Age-, race/ethnicity- and sex-adjusted spline functions demonstrating the cross-sectional
association of body mass index and total cholesterol in patients with (dotted line) and
without (solid line) chronic kidney disease (CKD).
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Age-, race/ethnicity- and sex-adjusted spline functions demonstrating the cross-sectional
association of body mass index and systolic blood pressure in patients with (dotted line) and

without (solid line) chronic kidney disease (CKD).
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Age-, race/ethnicity- and sex-adjusted spline functions demonstrating the cross-sectional
association of body mass index and diastolic blood pressure in patients with (dotted line)

and without (solid line) chronic kidney disease (CKD).
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Association of Body Mass Index with Fasting Glucose
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Age-, race/ethnicity- and sex-adjusted spline functions demonstrating the cross-sectional
association of body mass index and fasting glucose in patients with (dotted line) and without
(solid line) chronic kidney disease (CKD).
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TABLE |
BASELINE CHARACTERISTICS OF STUDY POPULATION BY CHRONIC KIDNEY DISEASE (CKD)
STATUS
CKD (n=1,895) Non-CKD (n=32,431) p Value

Mean age + SD (years) 68.7 £ 134 435+16.3 <0.001
Female (%) 61.7 50.7 <0.001
Race <0.001

White (%) 84.1 67.9

African-American (%) 7.5 12.1
Married (%) 55.0 52.2 <0.001
Education <0.001

Less than high school (%) 28.1 19.2

High school or more (%) 718 80.6
Household income, US dollars <0.001

<$20,000 (%) 29.6 175

$20,000-$44,999 (%) 33.3 28.5

$45,000-$74,999 (%) 19.4 24.3

>$75,000 (%) 14.6 275
Mean estimated glomerular filtration rate + SD (ml/min/1.73 m?) 48.6+10.8 92.6+18.1
Mean body mass index + SD (calculated as kg/m?) 28.7+5.7 275+6.0 <0.001
Body mass index categories (calculated as kg/m?) (%) <0.001

Normal (18.5-24.9) 27.4 39.6

Overweight (25-29.9) 38.1 316

Obese (30-30.9) 28.7 24.2

Very obese (=40) 5.8 4.6
Diabetes (%) 19.1 5.2 <0.001
Coronary artery disease (%) 12.9 2.8 <0.001
Current tobacco use (%) 215 429 <0.001
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CARDIOVASCULAR RISK FACTORS IN STUDY POPULATION BY CHRONIC KIDNEY DISEASE

(CKD) STATUS

Cardiovascular risk factor CKD Non-CKD p Value
Total cholesterol, mean + SD (mg/dL) 205.7 +44.6 (n=1,862)  195.6 + 42.0 (n=24,471) <0.001
LDL cholesterol, mean + SD (mg/dL) 116.3 + 36.8 (n=775) 115.7 + 34.1 (n=10,923) 0.9
HDL cholesterol, mean + SD (mg/dL) 52.5 + 15.8 (n=1,861) 52.2 + 15.3 (n=24,467) 0.5
Triglycerides, mean + SD (mg/dL) 166.3 +101.3 (n=861)  138.1 + 106.7 (n=11,610)  <0.001
Systolic blood pressure, mean + SD (mm Hg) 136.0 +22.6 (n=1,163)  119.6 + 16.9 (n=17,458) <0.001
Diastolic blood pressure, mean + SD (mm Hg) 93.6 +17.1 (n=1,129) 94.2 + 15.1 (n=17,343)) 0.3
CRP, mean + SD (mg/L) 0.58 +1.05 (n=1,849)  0.41+0.78 (n=23,095)  <0.001
Fasting glucose (mg/dL) 112.0 + 35.2 (n=856) 100.8 +29.1 (n=11,215) <0.001
Taking lipid-lowering agents, no. (%) 507 (26.7%) 1,907 (5.9%) 0.007
Taking antihypertensives, no. (%) 1,092 (57.6%) 3,588 (11.1%) <0.001
Taking insulin, no. (%) of those with self-reported diabetes 115 (35.0%) 312 (24.8%) <0.001
Taking oral diabetic medications, no. (%) of those with self-reported 206 (63.8%) 863 (69.4%) 0.1

diabetes

CRP = C-reactive protein.
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