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Abstract
Background—Chronic kidney disease (CKD) and albuminuria are associated with increased risk
of all-cause mortality.

Study Design—Prospective observational cohort study

Setting and Participants—17,393 participants (mean age, 64.3 ± 9.6 years) in the REGARDS
(Reasons for Geographic and Racial Differences in Stroke) Study.

Predictor—Estimated glomerular filtration rate (eGFR), urinary albumin-creatinine ratio (ACR).

Outcome—All-cause mortality (710 deaths); median duration of follow-up: 3.6 years.

Measurements and Analysis—Categories of eGFR (90– <120, 60–<90, 45–<60, 30–<45, and
15–<30 mL/min/1.73 m2) and urinary ACR (<10 mg/g or normal, 10–<30 mg/g or high normal, 30–
300 mg/g or high, and >300 mg/g or very high). Cox’s proportional hazards models were adjusted
for demographic factors, cardiovascular covariates, and hemoglobin.

Results—The background all-cause mortality rate for participants with normal ACR, eGFR of 90–
<120 mL/min/1.73 m2 and no CHD was 4.3 deaths/1,000 person-years. Higher ACR was associated
with an increased multivariable adjusted hazard ratio for all-cause mortality within each eGFR
category. Reduced eGFR was associated with higher adjusted hazard ratio for all-cause mortality for
participants with high normal (P value = 0.01) and high (P value <0.001) ACR values, but not for
those with normal or very high ACR values.

Limitations—Only one laboratory assessment for serum creatinine and ACR was available

Conclusions—Increased albuminuria was an independent risk factor for all-cause mortality.
Reduced eGFR was associated with increased mortality risk among those with high normal and high
ACR. The mortality rate was low in the normal ACR group and increased in the very high ACR
group but did not vary with eGFR in these groups.

Chronic kidney disease (CKD) is defined as an estimated glomerular filtration rate (eGFR)
<60 mL/min/1.73 m2, or urine albumin-creatinine ratio >30 mg/g.1 Even though the definition
of CKD is debated,2 reduced eGFR is associated with an increased risk for death,
cardiovascular events, and hospitalization rates.3,4 Patients with coronary heart disease (CHD)
have been shown to have worse outcomes if they also have CKD.5–7 Thus, the “clinical
intersection” between CKD and CHD represents a high-risk state for death and organ failure.
8

Albuminuria has been associated with CKD progression in adults,9,10 and is also associated
with risk for all-cause mortality,11 especially in the elderly12 and patients with heart failure.
13 The independent contributions of reduced eGFR and albuminuria, while only recently
addressed in large scale epidemiologic studies of progression to end-stage renal disease10,14

and mortality,14,15 represent another “clinical intersection” that identifies patients with high
risk for adverse outcomes. We hypothesized that reduced eGFR and albuminuria are
independently associated with all-cause mortality, and that this mortality risk would be
increased among individuals with a history of CHD. To test this hypothesis, we analyzed data
from the population-based REGARDS (Reasons for the Geographic and Racial Differences in
Stroke) study.

METHODS
Study Design and Population

Renal REGARDS is a subcohort of the ongoing REGARDS cohort study.16,17 The purpose of
REGARDS is to identify factors that contribute to the excess stroke mortality among black
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individuals compared to their white counterparts, and in the southeastern United States,
compared to the rest of the country.

Participants—The REGARDS study includes 30,239 black and white individuals over age
45 years.16 Participants were recruited using a combination of mail and telephone contact.
Medical and risk factor history was obtained by computer-assisted telephone interview.
Physical measures were subsequently collected at a single in-home visit and examination, and
included blood pressure, blood and urine samples, and electrocardiogram. Study methods were
reviewed and approved by the UAB Institutional Review Board, and all participants gave
written informed consent for participation in this study.

Participants were recruited between January 2003 and October 2007. After the first 8,608
participants were recruited, additional measures were obtained, including complete blood
count, serum albumin, blood urea nitrogen, and 12-lead electrocardiograms in 21,658
participants (Renal REGARDS cohort).16 Values for urine albumin, urine creatinine, or serum
creatinine were not available for 1,724 participants; we also excluded 495 participants with
eGFR ≥120 or <15 ml/min/1.73 m2; 1,498 with missing covariates (age, gender, race,
educational status, current smoking status, body mass index, hypertension, diabetes,
dyslipidemia, baseline CHD status or hemoglobin); 515 participants who did not have any
follow-up contact following their initial home visit; and 33 other participants on dialysis by
self-report. Remaining were 17,393 participants with 710 confirmed deaths as of January 1,
2010.

Data and Data Collection—Data were obtained during the telephone interview included
age; race; gender; self-report of previous stroke or transient ischemic attack, myocardial
infarction, and hyperlipidemia; smoking status; health insurance status; and assessment of
socioeconomic status (primarily education and income). During the subsequent in-home
examination, data and samples were obtained that included blood pressure, height and weight,
blood and urine samples, and electrocardiogram. Subsequent follow-up is made by telephone
contact every 6 months.

Laboratory Measures
Serum creatinine assays were performed at the University of Vermont, and calibrated with an
isotope dilution mass spectroscopic standard.18 The Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation was used to obtain estimated GFR (eGFR).19 Hemoglobin
was measured as part of a complete blood count, as described elsewhere.20 Urinary albumin
was measured at the Department of Laboratory Medicine and Pathology at the University of
Minnesota, using the BN ProSpec Nephelometer from Dade Behring
(www.dadebehring.com). The observed assay range was 2.4 to 76.9 mg/L on initial sampling.
The inter-assay coefficients of variations were 2.2% at 109.9 mg/L and 4.3% at 12.7 mg/L.
Urinary creatinine was measured with a rate-blanked Jaffé procedure, using the Modular-P
analyzer (Roche/Hitachi;labsystems.roche.com). The observed assay range was 1 to 650 mg/
dL on initial sampling. The inter-assay coefficients of variations were 2.4% at 66.6 mg/dL and
7.8% at 15.6 mg/dL. The results were expressed for each participant as the urinary albumin-
creatinine ratio (ACR).

Definition of eGFR, and Urinary ACR Categories
The eGFR categories (mL/min/1.73 m2) were defined as: 90–<120; 60– <90; 45–<60; 30–
<45; and 15– <30. Urinary ACR categories (mg/g) were defined as: normal (<10); high normal
(10 to <30); high (30 to 300) and very high (>300).12,21
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Definition of CHD and Other Covariates
Cardiovascular covariates were defined by the parent REGARDS study.22 History of CHD
included self-reported myocardial infarction, or by electrocardiographic criteria, or previous
coronary artery by-pass, angioplasty or stent procedure. The electrocardiographic criteria for
previous myocardial infarction was based on the Minnesota classification.23 Hypertension was
defined as elevated blood pressure (systolic ≥140 or diastolic ≥90 mm Hg) or self-reported
medications for blood pressure; diabetes was defined as fasting glucose ≥126 mg/dL, non-
fasting glucose ≥200 mg/dL, or self-reported diabetes or use of medications or insulin for
diabetes; dyslipidemia was defined as serum total cholesterol ≥240 mg/dL, or low-density
lipoprotein cholesterol ≥160 mg/dL, or high density lipoprotein cholesterol <40 mg/dL, or self-
reported medications for dyslipidemia.

Study Outcome
The primary outcome was all-cause mortality. Death status was queried through active follow-
up with participants or with contacts provided at recruitment and online searches of the Social
Security Administration’s Death Master File (ssdi.rootsweb.ancestry.com). Of the 710 deaths
included in the current analysis, 483 (68%) were identified through proxy contact and verified
through online searches, 104 (15%) were identified through online searches, and 123 (18%)
were identified via proxy contact alone.

Statistical analysis
Baseline characteristics of study participants are reported as mean ± standard deviation (SD),
or as counts with percentages. Mortality-free survival curves using the Kaplan Meier method
were used to assess time to death stratified by eGFR and urinary ACR categories. Using a
Cox’s proportional hazards regression, restricted quadratic splines with 4 knots were used to
model the age-adjusted hazard ratio (HR) for all-cause mortality associated with urinary ACR
or eGFR as separate variables. Cox’s proportional hazards models were also used to calculate
the multivariable-adjusted HRs for all-cause mortality associated with the eGFR and urinary
ACR categories. Multivariable adjustment included age, race, gender, educational status,
current smoking status, body mass index, hypertension, diabetes, dyslipidemia and
hemoglobin. As it may be an intermediate factor in the pathway between CKD and mortality,
analyses were repeated without adjustment for hemoglobin. For analysis of mortality risk
stratified by prevalent CHD, eGFR was adjusted for urinary ACR, and urinary ACR was
adjusted for eGFR. Cox’s proportional hazards regression analysis, performed as described by
Li and Chambless, was used to calculate the HRs for all-cause mortality associated with the
cross-classification of eGFR and ACR categories.24 The standard deviations, and 95%
confidence intervals (CI) of the joint probabilities of all-cause mortality were calculated as
described previously.24,25 Linear trends in the HRs for mortality associated with eGFR and
ACR, modeled as categorical variables, used the median values of the categories as the
independent variable. Differences in the association between lower eGFR categories and higher
mortality by ACR categories were assessed by comparing the log likelihood of models with
and without interaction terms. A similar approach was used to assess differences in the
association between higher ACR categories and higher mortality by eGFR categories. We
evaluated the proportional hazards assumption of the Cox’s models by analyzing and inspecting
the generalized linear regressions of the scaled Schoenfeld residuals as a function of time.
Hypertension was the only covariable that appeared to violate the proportional hazard
assumption. Therefore, in addition to hypertension, a hypertension × log(follow-up time)
interaction term was included in the multivariable adjusted models. SAS, version 9.2 (SAS
Institute, www.sas.com) was used for primary analyses, and Stata (version 11,
www.stata.com) and R (Version 2.8, www.r-project.org) for graphical support. Statistical
significance was set at 5%.
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RESULTS
Of 17,393 REGARDS participants in the present analysis, 6,656 (38.3%) were male, and
10,856 (62.4%) were white and 3,842 (22.1%) had a history of CHD at baseline (Table 1). The
mean age was 64.3 ± 9.6 years, the mean eGFR was 85.5 ± 18.7 mL/min/1.73 m2, and the
median (25th, 75th percentile) urinary ACR was 7.1 mg/g (4.6, 14.6 mg/g). The prevalence of
traditional cardiovascular risk factors are presented in Table 1 for all participants, as well as
stratified by a history of CHD. The overall mortality rate was 11.4 deaths per 1,000 person-
years. All-cause mortality was higher for those with versus without a history of CHD (20.5
and 8.9 deaths per 1,000 person-years). The background mortality rate was 4.26 deaths/1,000
person-years among 4,628 participants with eGFR of 90–<120 mL/min/1.73 m2, normal ACR
and no history of CHD during 3.5 ± 1.2 years of follow-up (69 deaths). The number of
participants, deaths, follow-up duration, and death rates per 1,000 person-years are presented
for each eGFR and urinary ACR category, stratified by CHD status in Table S1 (provided as
online supplementary material available with this article at www.ajkd.org).

Figure 1 shows the age-adjusted HR for all-cause mortality, plotted as a function of eGFR (first
panel) and urinary ACR (second panel; log scale) as continuous variables. With an eGFR of
90 mL/min/1.73 m2 set as the reference, a progressive increased HR for all-cause mortality
was detected at lower eGFR levels. There was also an increased risk for all-cause mortality
among participants with eGFR >110 mL/min/1.73 m2. The urinary ACR reference value was
set at 10 mg/g in the second panel of Figure 1, corresponding to the cut-point between the
normal and high normal ACR categories. There was a continuous direct relation of higher
mortality risk at higher ACR.

Figure 2 shows the survival curves for urinary ACR categories, across eGFR categories. There
was significantly lower survival for individuals with high-normal, high and very high ACR,
compared to normal ACR, within each eGFR strata (all log rank P values <0.001). The
corresponding numbers at risk are shown in Table 2.

The multivariable adjusted HR for mortality was higher at higher urinary ACR levels for
participants with and without a history of CHD (Figure 3, first panel). For example, the HR
for mortality associated with high normal ACR compared to normal ACR was 1.63 (95% CI,
1.29–2.05) and 2.00 (95% CI, 1.45–2.55) for those without and with a history of CHD,
respectively. The P values for the linear trends across ACR categories for those without and
with CHD were 0.01 and <0.001, respectively. Compared to those with an eGFR of 90–<120
ml/min/1.73m2, the multivariable adjusted HR for all-cause mortality was increased for eGFR
levels <60 mL/min/1.73 m2 (Figure 3, second panel) among individuals with prevalent CHD
and <30 ml/min.17.3 m2 among individuals without prevalent CHD. The P values for the linear
trends across eGFR categories for those without and with CHD were <0.001.

The HR for all-cause mortality associated with eGFR and ACR categories are presented in
Figures 4 and 5. The association between lower eGFR and higher mortality differed
significantly across ACR categories (P value = 0.02). The HR for all-cause mortality increased
progressively with lower eGFR categories for participants with high normal (P value for linear
trend = 0.01) and high ACR categories (P value for linear trend <0.001). The HR was modest
and did not vary substantially between eGFR categories for participants with normal ACR
(P value for trend = 0.4). The HR for mortality associated with very high ACR was increased,
but also did not vary by eGFR category (P value for trend = 0.5). Similar results were obtained
if participants above and below the median age were compared (data not shown). The
association between higher ACR categories and higher mortality was similar across eGFR
categories (P value = 0.4). Results were markedly consistent when hemoglobin was omitted
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from the multivariable adjusted model with the exception of a significant association with
increased mortality being present at lower eGFR for participants with very high ACR values.

Tables S2–S4 (online supplementary material) show the maximum likelihood estimates
assessing the relationship between each of the covariates included in the multivariable model
and all-cause mortality, as well as the cross-product terms between the eGFR and urinary ACR
categories.

DISCUSSION
Go et al.3 described a significant association between eGFR and the risk of death,
cardiovascular events and hospitalization events. There was a risk gradient for eGFR with a
step-up in risk for eGFR <45 ml/min/1.73 m2, supporting the division of the eGFR category
between 60 and 30 into Stage 3a and Stage 3b CKD. Subsequently, Weiner et al.26 examined
the associations between reduced eGFR (<60 mL/min/1.73 m2) and cardiovascular disease
(including CHD, stroke, transient ischemic attacks and peripheral vascular disease) in 4 large
community-based epidemiologic studies, with a composite outcome of cardiac events, stroke
and death. They found that reduced eGFR and prevalent cardiovascular disease were
independently associated with the primary outcome, but did not evaluate the risks associated
with albuminuria.26 In the current study, we observed a risk gradient for mortality such that
the mortality risk was higher with higher albuminuria strata within each eGFR category. This
association was observed among participants with and without a history of CHD, and when
the joint effects of ACR and eGFR were considered. These findings support the assessment of
urinary ACR as well as reduced eGFR for mortality risk in patients with a history of CHD.
The association between eGFR and mortality differed by level of ACR. Specifically, lower
levels of eGFR were not associated with a significant increase in mortality among individuals
with normal and very high ACR. These findings should be confirmed in future studies, and
with meta-analyses of combined cohorts.

Post-hoc analyses of previous results26 suggested that an “additive interaction” accounted for
excess risk of mortality in patients with cardiovascular disease.27 We observed a similar
interaction in preliminary analyses with eGFR stratified at 60 mL/min/1.73 m2 (data not
shown), but this effect was not seen when eGFR was stratified into the 5 categories used in the
present analysis. We suggest that this apparent interaction27 may have resulted from
dichotomizing eGFR into a limited set of categorical variables.28

We, and others15,29–32 have observed a “U” shaped association between eGFR and mortality
risk with a minimally adjusted risk model (Figure 2). However, the apparent excess mortality
risk associated with eGFR >110 ml/min/1.73 m2 was not present after multivariable
adjustment. The adjusted HR was the same for the highest eGFR category (120 to ≥90 mL/
min/1.73 m2) when compared to the eGFR category of 60– <90 mL/min/1.73 m2 for all 4
urinary ACR categories.

Increased mortality risk has been reported for high normal ACR, compared to urinary ACR
<10 mg/day.12,33–35 Our results confirm these findings. Reduced eGFR has also been
associated with increased mortality. In the current analysis, this association was present among
participants with high normal and high ACR levels, but the risk for all-cause mortality did not
increase at lower eGFR among participants in the normal and very high urinary ACR
categories; among those with normal ACR, the mortality risk was low, and for very high ACR,
the mortality risk was substantially increased but did not vary with eGFR category.

Hemmelgarn et al. have reported that reduced eGFR and increased albuminuria independently
contributed to the cumulative probability of all-cause mortality.14 In agreement with these
findings, we observed >2-fold mortality risk among participants in the REGARDS study with
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eGFR <60 mL/min/1.73 m2 or urinary ACR >30 mg/g in a model adjusted only for age, with
the highest mortality risks observed among participants in the lower eGFR and higher urinary
ACR categories. The associations of higher mortality risk with lower eGFR and higher urinary
ACR was observed for participants with compared to those without a history of CHD, and
persisted after full multivariable adjustment for demographic factors, traditional cardiovascular
risk factors and hemoglobin.

In addition to confirming the findings of Hemmelgarn et al.14 our analysis extends the
characterization of the independent effects on death associated with albuminuria and reduced
eGFR. All-cause mortality was the primary outcome for both studies, and was similar (6.3 and
7.84 deaths/1000 person-years) for participants with eGFR ≥60 mL/min/1.73 m2 and urinary
ACR ≤30 mg/g. An analytic difference needs to be addressed: Hemmelgarn et al.14 did not
stratify urinary ACR ≤30 mg/g, and reported increased risk of all-cause mortality associated
with this urinary ACR category. With stratification of urinary ACR into normal (≤10 mg/g)
and high normal (10–≤30 mg/g) categories, we can assign the associated risk of mortality to
the high normal ACR category, in agreement with previous studies12,33–35 and an extension
beyond what Hemmelgarn et al. described14 for the 102,701 subjects with measurements of
urinary ACR in the Alberta cohort. There is also a difference in the recruitment strategy for
the REGARDS study cohort compared to participants in the Alberta Health System. Urinary
ACR was measured for all of the REGARDS participants at the same time as serum creatinine,
while “dip-stick” proteinuria was measured in the larger Alberta cohort. Approximately 10%
of that cohort also had urinary ACR measurements, apparently as part of a best-practices
approach for diabetic patients: the prevalence of diabetes was 19.2% among REGARDS
participants, and 54.1% among the Alberta cohort with urinary ACR measurements.14 This
difference may account for the risk gradient for all-cause mortality with very high ACR
described by Hemmelgarn et al.,14 while among the REGARDS study cohort, the risk gradient
associated with very high ACR was flat.

Further examination of this issue is described in a recently published meta-analysis of several
large community-based cohorts, including the REGARDS and Alberta cohorts,14 in an effort
that is described as the Chronic Kidney Disease Prognosis Consortium.15 While the overall
results reported herein are similar to the meta-analysis, there were significant trends for all-
cause mortality with ACR across all eGFR categories in the larger scale analysis. This
difference may simply reflect the larger number of participants with more advanced CKD in
the meta-analysis, although that analysis used the MDRD equation36 and we used the CKD-
EPI estimating equation.19 The pooled results were adjusted for the same covariates as the
present analysis, with the exception that adjustment for hemoglobin was not carried out in the
meta-analysis. Whether or not adjustment for hemoglobin will affect the significance of the
ACR trends in the meta-analysis could be evaluated in future investigations. Finally, we
stratified the present results for CHD status, while this was adjusted for as a covariate in the
larger meta-analysis.15

As proposed in the Steno Hypothesis, albuminuria may be a marker for microangiopathy,
glomerular vascular damage and generalized vascular dysfunction in type 1 diabetes.37

Perkovic et al.38 confirmed the association between proteinuria and subsequent risk of coronary
heart disease. Jackson et al.13 have associated albuminuria with all-cause mortality as well as
poor cardiac outcomes in patients with congestive heart failure. Albuminuria and GFR are
strongly associated with progression of CKD 10,39,40 cardiovascular and cerebrovascular
events,40,41 and all-cause mortality.14 de Jong and Gansevoort have emphasized that
albuminuria is not a “risk factor”, but rather provides evidence of early target organ damage;
as such, the kidney serves as a mirror of the systemic vasculature.42
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We used the recently developed CKD-EPI estimating equation19 to avoid uncertainties
associated with the Modification of Diet in Renal Disease Study equation,19,36 and thereby
could address albuminuria as an independent risk for all-cause mortality. Hence, both urinary
ACR and eGFR could be used to assess mortality risk rather than introducing potential
confounding attributable to including urinary ACR ≥30 mg/g in the classification of CKD Stage
1 and 2.

Our study has several limitations that need to be acknowledged. The laboratory assessments
included single determinations at baseline. Due to random measurement error associated with
the use of a single baseline measurement, misclassification could bias our results toward the
null. Therefore, our reported estimates of the associations between eGFR, albuminuria, CHD
and all-cause mortality reported are likely to be conservative. Also, we assumed that the
baseline covariates persisted throughout the follow-up period. Additional assessments would
be desirable, especially to evaluate risk that vary over time While the Renal REGARDS cohort
is relatively large, there are not enough participants and events in the lower eGFR categories
to examine the joint effects between eGFR and urinary ACR when the cohort is stratified by
co-morbidities in the present report. Increased number of outcome events, including cause-
specific mortality and incident end-state renal disease, as well as further meta-analysis of
several community-based cohorts will buttress the conclusions presented herein.

Patients with CKD, especially if they are elderly, are more likely to die from CHD than progress
to end-stage renal disease.3,4,43 Epidemiological studies can identify the risk factors for all-
cause mortality in CKD, with the implication that targeted interventions could improve
outcomes. It is notable that the trends for all-cause mortality associated with lower eGFR were
relatively flat among participants with normal and very high ACR, indicating that participants
with normal ACR have a low mortality risk throughout the entire range of eGFR. Conversely,
a graded association of higher mortality with higher ACR levels was present at each eGFR
level, suggesting that mortality risk might be lessened if urinary ACR could be reduced in a
systematic fashion.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Hazard Ratios for All-Cause Mortality Among 17,393REGARDS Participants
Estimated glomerular filtration rate (eGFR; first panel), and urinary albumin-creatinine ratio
(ACR; second panel), were treated as continuous variables and fitted in a Cox’s proportional
Hazards Model using restricted quadratic spline regression, adjusted for age. Knots for the
spline were placed at the 10th, 35th, 65th and 90th percentiles. The dashed horizontal lines
correspond to the reference values. The reference points were set at 90 mL/min/1.73 m2, and
10 mg/g. Shaded area represents 95% CI for the hazard ratios. Histograms present the
distributions of eGFR and ACR among the REGARDS participants. The dotted vertical lines
separate the eGFR and ACR categories used for subsequent analysis.
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Figure 2. Survival Plots for 17,393REGARDS Participants: All-Cause Mortality Stratified by
Urinary Albumin/Creatinine Ratio (ACR), within estimated Glomerular Filtration Rate (eGFR)
Categories
The survival probability curves were obtained by Kaplan-Meier analysis. The solid gray lines
represent the survival probabilities for participants with Normal ACR (<10 mg/g). The long-
short dashed lines represent participants with High Normal ACR (10 to <30 mg/g), the dotted
lines represent participants with High ACR (30 to 300 mg/g) and the dashed lines represent
survival probability for participants with Very High ACR (>300 mg/g). The eGFR categories
were defined at the baseline evaluation, and the follow-up time was the difference between
initial enrollment date and date of confirmed death. There were 710 deaths over an average
follow up of 3.6 years. The log rank tests were significant (<0.001) for the entire cohort, as
well as each of the ACR categories in each eGFR strata. The numbers at risk for each category
are shown below the figure.
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Figure 3. Hazard Ratios for All-Cause Mortality Among 17,393 REGARDS Participants: Stratified
by history of Coronary Heart Disease (CHD) within Urinary Albumin-Creatinine Ratio (ACR)
Categories and estimated Glomerular Filtration Rate (eGFR) categories
The hazard ratios were obtained with Cox’s proportional hazards regression for categorical
analysis,24 and were adjusted for age, race, gender, educational status, current smoking status,
body mass index, hypertension, diabetes, dyslipidemia and hemoglobin, and eGFR (upper
panel) or ACR (lower panel). Open bars represent the participants without a history of CHD,
and gray bars represent participants with prevalent CHD. The Hazard Ratio is presented above
each bar with 95% Confidence Intervals indicated by the error bars. Linear trend analysis was
significant for all 4 categorical groups. Identical results were observed when hemoglobin was
omitted as a covariate.
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Figure 4. Hazard Ratios for All-Cause Mortality Among 17,393REGARDS Participants: estimated
Glomerular Filtration Rate (eGFR) and Urinary Albumin-Creatinine Ratio (ACR) Categories
The hazard ratios were obtained with Cox’s proportional hazards regression for categorical
analysis,24 and were adjusted for age, race, gender, educational status, current smoking status,
body mass index, hypertension, diabetes, dyslipidemia and hemoglobin, as well as interactions
between each eGFR and ACR category. Urinary ACR categories (mg/g): Normal, <10; High
Normal, 10 to <30; High, 30 to 300; Very High, >300. The P values for albuminuria trends
without and with prevalent CHD were significant (P=0.006, and 0.005, respectively).
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Figure 5. Hazard Ratios for All-Cause Mortality Among 17,393REGARDS Participants: Stratified
by Urinary Albumin/Creatinine Ratio (ACR) Categories within each estimated Glomerular
Filtration Rate (eGFR) category
The hazard ratios were obtained with Cox’s proportional hazards regression for categorical
analysis,23 and were adjusted for age, race, gender, educational status, current smoking status,
body mass index, hypertension, time-dependent effect of hypertension, diabetes, dyslipidemia
and hemoglobin, as well as interactions between each eGFR and ACR category. Open bars
represent the normal ACR category (ACR <10 mg/g), and the darker bars represent high
normal, high and very high ACR categories in each eGFR strata. The high normal and high
ACR series had significant P values (<0.05) for linear trends when regressed on the median
eGFR for each category (*). The linear trend analyses for the normal and very high ACR
categories were not significant (P value >0.4).
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Table 1

Baseline Characteristics of Study Participants, by CHD History

All Participants (N=17,393) No History of CHD (n=13,551) History of CHD (n=3,842)

Demographic factors

 Age (yr) 64.3 ± 9.6 63.4 ± 9.4 67.3 ± 9.3

 Male (%) 6,656 (38.3) 4,744 (35.0) 1,912 (49.8)

 White race (%) 10,856 (62.4) 8,394 (61.9) 2,462 (64.1)

 Education ≥ High School (%) 15,501 (89.1) 12,206 (90.1) 3,295 (85.8)

Kidney-specific predictors

 eGFR (mL/min/1.73 m2) 85.5 ± 18.7 87.0 ± 18.0 80.5 ± 20.1

 ACR 7.1 (4.6, 14.6) 6.9 (4.5, 13.5) 8.7 (5.2, 20.0)

Other Covariates

 Current Smoker 2,392 (13.8) 1,791 (14.1) 601 (15.6)

 Body Mass Index (kg/m2) 29.3 ± 6.2 29.3 ± 6.2 29.3 ± 6.1

 Hemoglobin (g/dL) 13.7 ± 1.4 13.7 ± 1.4 13.7 ± 1.5

 Diabetes (%) 3,336 (19.2) 2,297 (17.0) 1,039 (27.0)

 Hypertension (%) 10,022 (57.6) 7,381 (54.5) 2,641 (68.7)

 Dyslipidemia (%) 9,943 (57.2) 7,238 (53.4) 2,704 (70.4)

All-Cause Mortality

 deaths (%) 710 (4.1) 428 (3.2) 282 (7.3)

 Follow-up duration (year) 3.6 ± 1.2 3.6 ± 1.2 3.6 ± 1.3

 Deaths/1,000 person-year 11.4 8.9 20.5

Note: Values shown as means ± SD, number (column percentage), or median (25th, 75th percentile). Conversion factor for eGFR in mL/min/1.73

m2 to mL/s/1.73 m2, x0.01667.

Abbreviations: ACR, albumin-creatinine ratio; CHD, coronary heart disease (self-reported myocardial infarction, coronary artery procedure or

electrocardiographic evidence of myocardial infarction); eGFR, estimated glomerular filtration rate by the CDK-EPI equation 18.
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Table 2

Kaplan Meier Survival Analysis, stratified by UACR and eGFR Categories.

Numbers at Risk

0 y 2 y 4 y 6 y

Normal UACR (<10 mg/g)

 eGFR categories

  90–<120 4,292 3,963 2,043 19

  60–<90 3,951 3,716 1,922 11

  45–<60 454 427 228 2

  30–<45 109 97 51 0

  15–<30 * 14 14 6 0

High Normal UACR (10–<30 mg/g)

 eGFR categories

  90–<120 2,817 2,574 1,349 12

  60–<90 2,529 2,339 1,231 7

  45–<60 390 347 160 0

  30–<45 124 115 55 0

  15–<30 * 21 16 7 1

High UACR (30–300 mg/g)

 eGFR categories

  90–<120 831 751 386 5

  60–<90 955 852 433 1

  45–<60 278 241 120 0

  30–<45 126 105 43 1

  15–<30 * 30 23 10 0

Very High UACR (>300 mg/g)

 eGFR categories

  90–<120 113 95 42 0

  60–<90 163 138 70 0

  45–<60 80 66 35 0

  30–<45 50 43 24 0

  15–<30 * 65 55 26 0

Note: eGFR is given in mL/min/1.73 m2; factor for conversion to ml/s/1.73m2, x0.01667.

Abbreviations: eGFR, estimated glomerular filtration rate; UACR, Urinary Albumin-Creatinine Ratio

*
This category is not shown in Figure 2.
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