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Abstract

Background—Chronic kidney disease is associated with an increased risk for cardiovascular

disease and mortality. Both traditional and non-traditional cardiovascular disease risk factors may

contribute.

Study Design—Cohort

Settings & Participants—Community-based adult population of the Atherosclerosis Risk in

Communities and Cardiovascular Health Studies with estimated glomerular filtration rate (eGFR)

<60 mL/min/1.73m2

Predictors—Non-traditional cardiovascular disease risk factors including body mass index,

diastolic blood pressure, triglycerides, albumin, uric acid, fibrinogen, c-reactive protein, and

hemoglobin

Outcomes—Composite of myocardial infarction, stroke and all-cause mortality. Secondary

outcomes included individual components of the composite.

Results—Among 1,678 individuals with reduced eGFR (mean 51.1±8.5 mL/min/1.73m2), 891

(53%) reached the composite endpoint during median follow-up of 108 months; 23% had a

cardiac event, 45% died and 14% experienced a stroke. Serum albumin levels below 3.9 g/dL

[Hazard Ratio (HR)=0.68 (95% confidence interval 0.60,0.77) for every 0.3 g/dL decrease],

elevated serum triglycerides [HR=1.07 (1.02,1.12) for every 50 mg/dL increase], C-reactive

protein [HR=1.15 (1.07,1.24) per log-unit increase], and fibrinogen [HR=1.12 (1.07,1.18) per 50

mg/dL increase] independently predicted composite events. Both reduced (<14.5 g/dL) and

elevated (>14.5 g/dL) hemoglobin level predicted composite events. Serum albumin levels below

3.9 g/dL and elevated serum fibrinogen independently predicted cardiac events. For serum

albumin and hemoglobin, the relationship with composite and mortality outcomes was non-linear

(p<0.001).
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Limitations—Single assessment of eGFR. No albuminuria data.

Conclusions—Several non-traditional cardiovascular disease risk factors predict adverse

outcomes in individuals with stage 3-4 chronic kidney disease. The relationship between risk

factors and outcomes is often non-linear.
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Introduction

Recent studies have shown that the presence of impaired kidney function is an independent

risk state for both incident and recurrent cardiovascular disease (CVD) and mortality

events.1-4 Most of these studies have adjusted for traditional CVD risk factors identified in

the Framingham Heart Study, including age, sex, diabetes mellitus, hypertension and blood

pressure values, smoking and lipids. Many non-traditional risk factors increase in prevalence

as kidney function declines and are hypothesized to be stronger cardiovascular disease risk

factors in individuals with chronic kidney disease (CKD).5 At this time, it is unknown

whether CKD itself predisposes to adverse outcomes, whether CKD identifies individuals

with more severe, long-standing or poorly controlled traditional risk factors such as

hypertension and diabetes, or whether the association between CKD and non-traditional risk

factors promotes an increased risk of adverse outcomes.6

In individuals with CKD, there are few studies that evaluate the nature of the relationships

between non-traditional risk factors, including reduced hemoglobin level, hypoalbuminemia

and elevated fibrinogen levels, with cardiac, stroke, and mortality outcomes.7,8 Using data

from a pooled dataset of community-based longitudinal studies, we evaluated the relative

import of non-traditional risk factors on CVD, stroke and mortality outcomes after

adjustment for traditional risk factors. Furthermore, we specifically focused on modeling the

shape of the relationship between these potential non-traditional risk factors and outcomes.

Methods

Study Design

This study is a secondary evaluation of two community-based, longitudinal, public-use

datasets designed to evaluate CVD: the Atherosclerosis Risk in Communities Study (ARIC)

and the Cardiovascular Health Study (CHS).

Study population—Between 1987 and 1989, ARIC enrolled 15,792 participants aged

45-64 years from four communities: Jackson, Mississippi; Forsyth County, North Carolina;

the northwestern suburbs of Minneapolis, Minnesota; and Washington County, Maryland.

The Mississippi cohort is entirely African-American and comprises over 80% of the

African-Americans in ARIC. CHS is a population-based study of 5,201 subjects 65 years

and older randomly selected from Medicare eligibility files during 1989 and 1990 also from

four communities: Sacramento County, California; Washington County, Maryland; Forsyth
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County, North Carolina; and Pittsburgh, Pennsylvania. An additional 687 African-

Americans were recruited in 1992 and 1993.9,10

Ascertainment of Level of Kidney Function—In the ARIC study, baseline serum

creatinine levels were assessed in 15,582 (99%) subjects; serum creatinine in CHS was

measured in 5,716 (97%) subjects. Kidney function was quantified using estimated

glomerular filtration rate (eGFR) derived from the 4-variable Modification of Diet in Renal

Disease (MDRD) Study equation.11,12 Serum creatinine assays in the MDRD Study were

performed at the Cleveland Clinic Foundation. Because serum creatinine assays vary across

laboratories, use of the MDRD Study equation in these analyses requires calibration of the

serum creatinine assays to this lab; therefore, we calibrated the ARIC and CHS laboratories

indirectly using NHANES III data.3,13,14 We defined CKD as eGFR below 60 ml/min/

1.73m2 (1 ml/sec/1.73m2) based on Kidney Disease Outcomes and Quality Initiative

guidelines.15 Subjects with stage 5 CKD (kidney failure, eGFR below 15 ml/min/1.73m2

(0.25 ml/sec/1.73m2)) were excluded from this study.

Baseline Variables

Baseline variables included demographics (age, sex, race); medical history (baseline CVD,

diabetes mellitus, smoking); physical findings (systolic blood pressure, left ventricular

hypertrophy); and laboratory variables (total cholesterol, high density lipoprotein (HDL)

cholesterol, eGFR). Because CKD has previously been demonstrated to be an independent

risk state for cardiac and mortality outcomes and we are focusing specifically on a

population with CKD, eGFR was included in models.16 Non-traditional risk factors studied

include other physical examination findings (body mass index (BMI), diastolic blood

pressure); and laboratory variables (serum triglycerides, albumin, uric acid, hemoglobin, C-

reactive protein, fibrinogen). C-reactive protein (CRP) was available only in CHS. The

methods employed for collection of baseline data by each of these studies have been

previously described.9,10

Race was defined as white or African American. Education level was dichotomized

according to whether the subject graduated from high school. Cigarette smoking and alcohol

use were dichotomized as current users and non-users. Diabetes was defined as either the

use of insulin, oral hypoglycemic medications, or a fasting glucose level ≥126 mg/dL (7

mmol/L). Hypertension was defined as systolic blood pressure ≥140 mm Hg, diastolic ≥90

mm Hg or use of an antihypertensive medication. BMI was calculated using the formula:

weight [kg]/height2 [m]. Although both ARIC and CHS used the bromocresol green method

to assess serum albumin, there appeared to be a discrepancy in serum albumin results by

study. These may relate to different processing times, non-specific interference from binding

to non-albumin proteins, and laboratory calibration differences.17,18 Therefore, in the same

manner as for serum creatinine, we indirectly calibrated both ARIC and CHS serum albumin

levels to NHANES values using a regression equation that also accounted for age and sex.

This resulted in 0.23 g/dL (2.3 g/L) being added to ARIC values, 0.03 g/dL (0.3 g/L) added

to values in the CHS original cohort, and no change to values in the CHS African American

cohort.4 Left ventricular hypertrophy was defined using resting 12-lead electrocardiogram in

all studies. To be classified as having LVH, subjects needed to meet voltage criteria and
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have characteristic S-T segment or T wave changes. Baseline CVD included a history of

both recognized and silent myocardial infarction (MI), angina, angioplasty and coronary

bypass procedures, stroke, transient ischemic attack and intermittent claudication as defined

by consensus committees for the respective studies. In addition, baseline CVD included a

history of congestive heart failure in CHS (not coded in ARIC). The methods employed for

definitions of CVD outcomes by each of these studies have been extensively described

elsewhere.9,10

Study Sample—From an initial sample of 21,680, we excluded 402 subjects who had data

missing on age, race, sex, creatinine or were of non-white/non-African American race; 32

subjects with eGFR <15 ml/min/1.73m2; and 17 subjects without follow-up data. Among the

remaining 21,229 individuals, 1,678 subjects had CKD.

Study Outcomes

The primary study outcome was a composite of MI, stroke and all-cause mortality. MI was

defined by both clinically recognized and silent infarctions, with ascertainment of silent MI

by screening electrocardiogram. Secondary outcomes were cardiac events (fatal coronary

heart disease and MI), stroke, and all-cause mortality.

Analysis and Statistical Methods

The goal of our analysis was to determine the relationship between non-traditional risk

factors and adverse outcomes in individuals with CKD. Risk factors were described using

plots, means and percentages. Univariate associations between non-traditional risk factors

and time to study outcomes were tested using the Kaplan Meier method. These risk factors

included BMI, diastolic blood pressure, triglycerides, albumin, uric acid, fibrinogen, CRP

(CHS only), and hemoglobin. Where appropriate, continuous variables were log transformed

and multi-slope models were built.

Non-traditional risk factors were then individually added to a baseline multivariable model.

The baseline model a priori included known traditional cardiovascular risk factors from the

Framingham equations (age, sex, diabetes, smoking, LVH, systolic blood pressure, and total

and HDL cholesterol) as well as history of prior CVD, race, baseline GFR, and a term for

study of origin (ARIC versus CHS). Each non-traditional risk factor listed above was added

to this baseline model without inclusion of other non-traditional risk factors. Because of

variable findings in the past on the relationship of diastolic blood pressure with outcomes, it

was not included as a traditional risk factors but rather was studied among the non-

traditional risk factors.19,20 The shape of the relationship between each non-traditional risk

factor and outcomes was analyzed in separate multivariable models using restricted cubic

splines with 4 knots generated using S-Plus. Accordingly, risk factors remained linear, were

transformed or were analyzed in multiple-slope models as dictated by graphical results. For

all risk factors, the Wald chi-square test was used to test overall significance (3 degrees of

freedom). Linearity was tested in S-Plus with the Wald chi-square test (2 degrees of

freedom), where a p-value <0.05 is consistent with non-linearity. For non-linear models, cut-

points that yielded the model with the lowest -2 log likelihood were used; candidate cut-

points were based upon visual inspection of graphical results.
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All other analyses were conducted with SAS Version 9.1.

Results

Clinical characteristics of the 1,678 individuals with CKD are presented in Table 1. Mean

eGFR was 51.1 ± 8.5 ml/min/1.73m2 (0.85 mL/sec/1.73m2). ARIC was the source of 26% of

the study population while the other 74% were derived from CHS. Median follow-up was

108 (interquartile range: 53) months. There were 891 individuals (53.1%) who reached the

composite endpoint; 378 (22.5%) had a cardiac event, 748 (44.6%) died and 233 (13.9%)

experienced a stroke.

Traditional Risk Factors

In multivariable models, traditional risk factors generally predicted adverse outcomes in

individuals with CKD. Increasing age, male sex, African American race, prior CVD,

diabetes, LVH, smoking, elevated systolic blood pressure and reduced GFR were all

independently associated with composite events. Increased total cholesterol and decreased

HDL cholesterol were not independent risk factors for any of the study outcomes (Table 2).

Non-Traditional Risk Factors

Table 3 presents results of univariate models examining non-traditional risk factors. Table 4

presents hazards associated with non-traditional risk factors from multivariable models that

adjust for accepted traditional risk factors. Increased serum albumin was highly protective

versus all outcomes in univariate and multivariable analyses. When examined graphically, it

was notable that the risk attributable to albumin was only present at levels below 3.9 g/dL

(39 g/L) (Figure 1). In a 2-slope model, there was no effect as albumin increased above

3.9g/dL (39 g/L); however for every 0.3 g/dL (3 g/L) decrease below 3.9 g/dL (39 g/L) in

multivariable models, there was a 31% decreased risk of cardiac outcomes, 28% decreased

risk of stroke, 35% decreased risk of death and a 32% decreased risk of the composite

outcome (p<0.001 for all outcomes except stroke where p<0.01). In a linear model, hazard

ratios are between 0.83 and 0.88 (12-17% decreased risk) for every 0.3 g/dL (3 g/L) increase

in serum albumin for the four study outcomes, illustrating the importance of correctly

modeling the risk factor.

In univariate analysis, higher BMI was protective against development of stroke, mortality

and composite outcomes; however in multivariable analyses, there was no significant

association between BMI and adverse outcomes and no evidence of a non-linear relationship

in graphical review. Diastolic blood pressure had a non-linear relationship with all outcomes

in univariate analysis (testing for linearity, p=0.02, 0.06, 0.01, and <0.01 for cardiac, stroke,

mortality and composite outcomes, respectively). Graphically, this appeared to be a “U”-

shaped relationship with outcomes, although, in multivariable models using both multi-slope

and quadratic terms, the relationship between diastolic blood pressure and outcomes was no

longer significant. Hypertriglyceridemia was associated with increased risk of composite

and cardiac outcomes in univariate analysis and remained a statistically significant

independent risk factor for only the composite outcome in multivariable analysis (HR=1.07

Weiner et al. Page 5

Am J Kidney Dis. Author manuscript; available in PMC 2014 July 07.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



[95% CI: 1.02,1.12] for every 50 mg/dL (0.56 mmol/L) rise). Graphical analysis was

consistent with a linear relationship.

In univariate analysis, higher hemoglobin level was protective for composite and mortality

events and remained protective in multivariable analyses. These relationships were non-

linear, as risk of composite and mortality events also increased linearly above hemoglobin of

>14.5 g/dL (145 g/L) (Figure 2). Serum fibrinogen was a significant risk factor in univariate

and multivariable analyses and was linear for all outcomes. Log-transformed CRP (in CHS

only) was a statistically significant risk factor for composite and mortality outcomes only

and also was linear. In multivariable analyses, there was a trend toward increased composite

and mortality outcomes with increased uric acid. This relationship also was linear.

Discussion

Chronic kidney disease is an important risk state for adverse cardiovascular, stroke and

mortality outcomes. Many of the same risk factors that predispose individuals to adverse

outcomes in the general population also affect individuals with CKD. These traditional risk

factors include older age, hypertension, male sex, smoking, diabetes and dyslipidemia. In the

current manuscript, we explored the relationship between non-traditional risk factors and

adverse outcomes after accounting for these traditional risk factors. Non-traditional risk

factors, generally defined as factors that increase in prevalence as kidney function declines

and may cause cardiovascular disease, included serum albumin, diastolic blood pressure,

uric acid, body mass index, hypertriglyceridemia, fibrinogen, hemoglobin, and, in CHS

only, C-reactive protein. We found that reduced serum albumin and elevated fibrinogen

were significant risk factors for cardiac, mortality and composite outcomes in individuals

with stage 3-4 CKD and that reduced albumin was also a risk factor for stroke in individuals

with CKD. Importantly, several risk factors including albumin and hemoglobin had non-

linear relationships with outcomes, such that the relationship was better appreciated after

modeling for non-linearity.

Prior studies, including a manuscript by Shipak et al, have examined non-traditional risk

factors and cardiovascular risk.8 That study used the CHS database with a similar definition

of CKD and focused on CRP, IL-6, fibrinogen, factor VIIIc, Lp(a) and hemoglobin. The

authors found that none of these non-traditional risk factors predicted adverse outcomes in

individuals with CKD. Importantly, these authors compared the upper quartile with the

lower 3 quartiles for each of these analytes and therefore may have underestimated or even

obscured complex “U”- or “J”-shaped relationships. When they tested relationships using

continuous data, they did find significance for increasing CRP and IL-6 (both log-

transformed). Additionally, this study examined only CVD death as an outcome; however,

individuals with CKD are at high risk of all-cause mortality and this competing risk my

obscure statistically significant risk factors.21,22

An examination of the ARIC cohort by Muntner et al evaluated 391 individuals with CKD at

baseline, and, in order to increase power, analyzed an additional 416 individuals who had

developed CKD at the time of their second evaluation.7 In multivariable analyses, increased

waist circumference, apolipoprotein B, fibrinogen, anemia, and reduced albumin were all
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associated with cardiac events. However, there is potential bias and loss of generalizability

in this study due to the mixing of incident and prevalent CKD patients within the ARIC

study. Additionally, this study only examined coronary disease and did not evaluate stroke

or overall mortality.

In the current study, we pooled the CHS and ARIC populations as has been done previously

and used baseline eGFR, laboratory results and clinical characteristics to evaluate risk

factors in individuals with CKD.4,23,24 Beyond providing the ability to confirm several of

the findings of the studies by Shlipak et al and Muntner et al, pooling CHS and ARIC

provided a large and diverse population with increased generalizability and analytical

power. Additionally, in order to account for competing risk (such that individuals with CKD

are more likely to die of any cause and therefore may not reach a cardiac outcome before

censoring), we performed analyses on multiple outcomes including a composite of cardiac

events, stroke and mortality. Finally, we performed detailed investigations to explore the

shape of the relationships between potential non-traditional risk factors and outcomes,

specifically examining each potential risk factor for linearity and modeling those that were

non-linear.

In multivariable analysis of non-traditional risk factors, we found that reduced albumin and

increased fibrinogen, serum triglycerides, serum uric acid and CRP all independently

predicted the composite outcome, while only reduced serum albumin and increased

fibrinogen predicted cardiac outcomes in individuals with CKD. Additionally, hemoglobin

below 14.5 g/dL (145 g/L) independently predicted stroke, mortality and the composite

outcome while levels above 14.5 g/dL (145 g/L) also predicted mortality and composite

events. Finally, elevated diastolic blood pressure only predicted stroke outcomes in CKD.

Our study adds to current knowledge by allowing better interpretation of common laboratory

results and physical findings that may influence outcomes in individuals with stage 3-4

CKD. We have shown that the relationships between certain risk factors and outcomes in

CKD are not linear. Serum albumin has no significant impact on outcomes at levels above

3.9 g/dL (39 g/L), but with every drop in serum albumin below 3.9 g/dL (39 g/L), the risk of

cardiac, stroke and mortality outcomes increases. Similarly, hemoglobin follows a 2-slope

model with increasing risk at progressively higher and lower levels than normal.

Interestingly, serum triglyceride level was independently associated with composite events

in what is likely a non-nephrotic population. This may reflect the nature of dyslipidemia in

non-nephrotic CKD, characterized by an accumulation of triglyceride-rich lipoproteins and

highly atherogenic small dense LDL, despite normal or even reduced LDL cholesterol

levels.25

Curiously, many factors that increase the risk of developing CVD in the general population

are protective in individuals with kidney failure. This phenomenon, sometimes dubbed

“reverse epidemiology”, remains poorly understood and the time of onset unknown.26 In the

current study, general population risk factors including higher BMI and elevated diastolic

blood pressure did not independently predict adverse outcomes in individuals with

CKD.27,28 Rather than reflecting different pathophysiology, it may be that these altered
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relationships are due to confounding from malnutrition and cardiomyopathy, respectively,

such that BMI and blood pressure decrease as patients become progressively more infirm.29

Our study has several weaknesses. This study has few stage 4 participants and therefore is

most applicable to individuals with stage 3 CKD. However, as the prevalence of stage 3

CKD is far greater than stage 4 CKD, this reflects the population-wide epidemiology of

chronic kidney disease. Additionally, we estimate GFR using only one measurement of

serum creatinine. However, as subjects were clinically well at enrollment, we suspect

baseline serum creatinine levels were relatively stable and reflect chronically reduced kidney

function. We lack data on proteinuria, an important and potentially modifiable component of

CKD that may be related to serum triglyceride and albumin levels as well as future risk of

cardiovascular disease. Additionally, we lack data on elements of the bone and mineral

disorder of CKD, namely calcium, phosphate and parathyroid hormone; derangements in

bone and mineral metabolism often seen in later stages of CKD are increasingly recognized

as non-traditional risk factors. We also adjust only for risk factors at baseline. While this

does not account for changes over time, it does allow prognostication based on current

medical status. Additionally, it is possible that the importance of risk factors is influenced by

study differences. However, we included a term for study of origin to account for this. We

are unable to account for the development of kidney failure as an outcome; however, as the

vast majority of individuals with stage 3 CKD never reach kidney failure, we feel that this

study remains representative of the most common outcomes in stage 3-4 CKD patients.

Further, we lack data on Hispanic ethnicity. We also lack information on cause of death

when it was not due to cardiac disease. Finally, as an observational study, we cannot make

inferences about therapies directed at these specific risk factors based on our results.

Our study also has several strengths. We evaluated a community-based population with a

wide age range and racial diversity, supporting generalizability to the white and African

American US population. Additionally, both CHS and ARIC had thorough event

ascertainment with emphasis on cardiac and stroke outcomes.

In conclusion, we have demonstrated that several non-traditional CVD risk factors predict

adverse outcomes in individuals with stage 3-4 CKD; in particular, these include elevated

fibrinogen and low serum albumin. However, it is important to note that the relationship

between risk factors and outcomes in CKD are often not linear and analyses should account

for these non-linear relationships.
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Figure 1.
The relationship between serum albumin and study outcomes in fully adjusted models. All

models are adjusted for age, sex, race, study, prior cardiovascular disease, diabetes,

smoking, systolic blood pressure, LVH and eGFR. Plots are generated using restricted cubic

splines with 4 knots generated in S-Plus. Hatch marks represent the relative proportion of

individuals at a given albumin level. Overall effect indicates whether albumin is a

statistically significant risk factor for the outcome, while the linearity test indicates if the

relationship between albumin and the outcome is linear; for composite and mortality

outcomes (p<0.001), the relationship is non-linear, while there is a trend toward non-

linearity for the cardiac outcome.
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Figure 2.
The relationship between hemoglobin and study outcomes in fully adjusted models. All

models are adjusted for age, sex, race, study, prior cardiovascular disease, diabetes,

smoking, systolic blood pressure, LVH and eGFR. Plots are generated using restricted cubic

splines with 4 knots generated in S-Plus. Hgb, hemoglobin in g/dL. Hatch marks represent

the relative proportion of individuals at a given hemoglobin level. Overall effect indicates

whether hemoglobin is a statistically significant risk factor for the outcome, while the

linearity test indicates if the relationship between hemoglobin and the outcome is linear; for

composite and mortality outcomes (p<0.001), the relationship is non-linear.
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Table 1

Baseline descriptive data of the pooled cohort with eGFR between 15 and 60 mL/min/1.73m2.

Characteristic % (n), or Mean ± SD (n) Median (Range)

Demographics

 Age 70 ± 10 (1678) 72 (45-91)

 Female 56% (1678) -

 African American 14% (1678) -

 Study origin: ARIC 26% (1678) -

 HS Graduate 69% (1673) -

 Current Smoking 13% (1678) -

 Current Alcohol 47% (1669) -

Medical History

 CVD 34% (1665) -

 Diabetes 15% (1678) -

 Hypertension 74% (1677) -

Medication Usage

 Antihypertensive 62% (1042/1678) -

 Antihyperglycemic 11% (185/1678) -

 Lipid-Lowering 6% (100/1678) -

Exam Findings

 BMI (kg/m2) 27 ± 5 (1675) 27 (17-53)

 SBP (mm Hg) 135 ± 24 (1675) 132 (74-228)

 DBP (mm Hg) 72 ± 12 (1674) 72 (24-136)

 LVH 6% (1616) -

Laboratory Results

 Total Cholesterol 215 ± 44 (1675) 212 (86-465)

 HDL Cholesterol 51 ± 16 (1672) 48 (15-132)

 LDL Cholesterol 133 ± 40 (1635) 130 (14-387)

 Triglycerides 153 ± 88 (1675) 130 (24-954)

 Hemoglobin 13.8 ± 1.6 (1668) 13.8 (7.0-25.4)

 Uric Acid 6.8 ± 1.8 (1678) 6.7 (1.7-15.9)

 Albumin 4.0 ± 0.3 (1678) 4.0 (2.0-5.2)

 Fibrinogen 334 ± 72 (1672) 328 (132-854)

 Creatinine 1.3 ± 0.4 (1678) 1.3 (1.0-4.8)

 eGFR 51 ± 9 (1678) 53 (16-60)

HS, High school; CVD, cardiovascular disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LVH, left

ventricular hypertrophy by electrocardiogram criteria; eGFR, estimated glomerular filtration rate (mL/min/1.73m2); cholesterol values, uric acid,
fibrinogen and serum creatinine are in mg/dL. Serum albumin and hemoglobin are in g/dL.

To convert cholesterol values in mg/dL to mmol/L, multiply by 0.02586; triglycerides in mg/dL to mmol/L, multiply by 0.01129; hemoglobin in
g/dL to g/L, multiply by 10; uric acid in mg/dL to μmol/L, multiply by 59.48; albumin in g/dL to g/L, multiply by 10; fibrinogen in mg/dL to
μmol/L, multiply by 0.0294; creatinine in mg/dL to mol/L, multiply by 88.4; and eGFR in mL/min to mL/s, multiply by 0.01667.
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Table 2

Multivariable analysis of the hazard associated with traditional risk factors and kidney function for study

outcomes. Data are displayed as hazard ratio (95% confidence interval).

Cardiac Stroke Mortality Composite

Demographics

 Age 1.68 (1.39, 2.02) 1.49 (1.18, 1.89) 2.20 (1.93, 2.51) 1.84 (1.63, 2.08)

 Female 0.49 (0.38, 0.63) 0.67 (0.49, 0.92) 0.57 (0.48, 0.67) 0.57 (0.49, 0.67)

 African American Race 1.26 (0.93, 1.72) 0.95 (0.62, 1.43) 1.20 (0.96, 1.51) 1.25 (1.02, 1.53)

 Study: ARIC 1.62 (1.07, 2.47) 0.98 (0.56, 1.73) 1.83 (1.33, 2.52) 1.41 (1.07, 1.87)

Medical History

 Cardiovascular Disease 2.32 (1.86, 2.89) 1.85 (1.40, 2.45) 1.60 (1.37, 1.87) 1.74 (1.51, 2.01)

 Diabetes 1.86 (1.44, 2.40) 1.89 (1.34, 2.66) 2.02 (1.67, 2.44) 1.73 (1.45, 2.07)

 Current Smoking 1.30 (0.94, 1.79) 1.30 (0.85, 1.97) 1.67 (1.34, 2.09) 1.63 (1.33, 1.99)

Exam and Laboratory

 Systolic Blood Pressure 1.13 (1.03, 1.23) 1.30 (1.16, 1.45) 1.09 (1.02, 1.16) 1.11 (1.05, 1.18)

 LVH 1.57 (1.11, 2.23) 1.72 (1.13, 2.63) 1.70 (1.32, 2.18) 1.45 (1.15, 1.85)

 Total Cholesterol 1.03 (0.98, 1.08) 1.03 (0.97, 1.10) 0.99 (0.95, 1.03) 1.02 (0.98, 1.05)

 HDL Cholesterol 0.98 (0.90, 1.07) 1.04 (0.94, 1.15) 1.05 (0.99, 1.11) 1.03 (0.97, 1.08)

 GFR 0.91 (0.86, 0.97) 0.90 (0.84, 0.97) 0.86 (0.83, 0.90) 0.87 (0.84, 0.91)

Age is assessed per 10-year increase; systolic blood pressure per 20 mm Hg increase; total cholesterol per 20 mg/dL (0.52 mmol/L) increase; high

density lipoprotein (HDL) cholesterol per 10 mg/dL (0.26 mmol/L) increase; and glomerular filtration rate (GFR) per 5 mL/min/1.732 (0.08

mL/sec/1.73m2) increase. LVH, left ventricular hypertrophy diagnosed by electrocardiogram characteristics.
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