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Abstract

Background—Albuminuria has been associated with cardiovascular risk, but the relationship of
high-normal albuminuria to subsequent heart failure has not been well established.

Study Desigh—Prospective observational study, the Atherosclerosis Risk in Communities
(ARIC) Study.

Setting & Participants—10,975 individuals free from heart failure were followed up from the
fourth ARIC Study visit (1996-1998) through January 2006.

Predictor—Urinary albumin-creatinine ratio (UACR), analyzed continuously and categorically
as optimal (<5 mg/g), intermediate-normal (5-9 mg/g), high-normal (10-29 mg/qg),
microalbuminuria (30-299 mg/g), and macroalbuminuria (=300 mg/g).

Outcomes & Measurements—Incident heart failure was defined as a heart failure-related
hospitalization or death. Cox proportional hazard models were used to calculate the HR of heart
failure after adjustment for age, race, sex, estimated glomerular filtration rate (eGFR), and other
cardiovascular risk factors.

Results—Individuals were followed up for a median of 8.3 years and experienced 344 heart
failure events. Compared with normal UACR, albuminuria was associated with a progressively
increased risk of heart failure from intermediate-normal (adjusted HR, 1.54; 95% ClI, 1.12-2.11)
and high-normal UACR (adjusted HR, 1.91; 95% ClI, 1.38-2.66) to microalbuminuria (adjusted
HR, 2.49; 95% ClI, 1.77-3.50) and macroalbuminuria (adjusted HR, 3.47; 95% Cl, 2.10-5.72).
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Results were similar in secondary analyses of participants censored at the time of coronary heart
disease event and along a range of eGFRs.

Limitations—UACR was measured as a single random sample.

Conclusions—Albuminuria is associated with subsequent heart failure, even in individuals with
few cardiovascular risk factors and UACR within the normal range. Our results suggest that the
association between albuminuria and heart failure may not be mediated fully by ischemic heart
disease or kidney disease, measured using eGFR.

INDEX WORDS
Albuminuria; urinary albumin-creatinine ratio; heart failure; epidemiology

Albuminuria is a marker of kidney damage? and has been associated with heart failure,
possibly due to its correlation with vascular damage? and activation of the renin-
angiotensin-aldosterone system.3 Although albuminuria generally has been defined at
albumin levels 30 mg/d (or urinary albumin-creatinine ratio [UACR] =30 mg/g), previous
research suggests that more modest increases in albuminuria may be associated with poor
clinical outcomes.3-> Albuminuria, even at levels considered to be high-normal, has been
associated with increased rates of cardiovascular disease.®=9 Although albuminuria has been
associated with heart failure in high-risk individuals in clinical trials,”10-12 the association
of lower levels of albuminuria and incident heart failure has been less well established in the
community, particularly in a racially diverse sample.13

Our primary hypothesis was that alouminuria, even at levels considered normal, would be
associated with incident heart failure events in a community-based sample, the
Atherosclerosis Risk in Communities (ARIC) Study. Additionally, we explored whether the
relationship between albuminuria and heart failure was mediated by known risk factors,
including coronary heart disease (CHD) and kidney disease, measured using estimated
glomerular filtration rate (eGFR).14

METHODS
Study Design and Population

The ARIC Study is a prospective cohort study of the cause and outcomes of cardiovascular
disease in 15,792 individuals from 4 communities (Forsyth County, NC; Jackson, MS;
suburbs of Minneapolis, MN; and Washington County, MD). Individuals aged 45-64 years
were recruited using probability sampling for the initial evaluation in 1987-1989.1° Three
additional study examinations were performed approximately every 3 years. For this study,
we included all participants who had a urinary albumin and creatinine sample, which was
collected during the fourth study visit (1996-1998). Exclusion criteria included individuals
with a history of heart failure, eGFR <30 mL/min/1.73 m?, or self-reported history of
dialysis or transplant. We also excluded individuals who self-reported race as neither white
nor black given their small numbers in the ARIC cohort (n = 48 at visit 1). The ARIC Study
was approved by the institutional review boards at each site. Informed consent was provided
by all study participants.

Assessment of Albuminuria and Covariates

Level of albuminuria was calculated using the UACR from a random urine sample.16 Urine
albumin was measured using a nephelometric method on either the Dade Behring BN100
(Dade Behring Inc, www.dadebehring.com) or Beckman Image Nephelometer (Beckman
Coulter Inc, www.beckmancoulter.com), and urine creatinine was measured using the Jaffé
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method. Quality control was assessed on 516 blinded samples, with a correlation coefficient
of r = 0.95 for log-transformed UACR.16 We analyzed UACR as both a continuous and
categorical variable, with categories of optimal (<5 mg/g), intermediate-normal (5-9 mg/g),
high-normal (10-29 mg/g), microalbuminuria (30-299 mg/g), and macroalbuminuria (=300
mg/g). The cutoff for high-normal was chosen because it was near the population meant’
and has been examined previously as a cutoff for cardiovascular prediction.18

All laboratory measurements and covariates were obtained from visit 4 through the standard
ARIC protocol.2® eGFR was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation?® and categorized as 30-44, 45-59, 60-74, 75-89, 90—
104, and >105 mL/min/1.73 m2. Education level was classified as basic (<11 years),
intermediate (12-16 years), and advanced (=17 years). Smoking was categorized as current
smoker, previous smoker, and never smoker. Alcohol use was dichotomized as current
drinker and previous/never drinker. Body mass index was determined by dividing weight in
kilograms by height in meters squared. Participant medications were reviewed to determine
current use. Blood pressure was measured by a certified technician using a random-zero
sphygmomanometer. Individuals with blood pressure >140/90 mm Hg or who were using
antihypertensive medication were considered to have prevalent hypertension. Pulse pressure
was calculated by taking the difference of systolic and diastolic blood pressures. History of
diabetes was defined as fasting blood glucose level =126 mg/dL, nonfasting glucose level
>200 mg/dL, report of a physician diagnosis of diabetes, or current use of diabetes
medication. CHD was defined as history of myocardial infarction, silent myocardial
infarction, coronary artery bypass surgery, or angioplasty and was adjudicated by the end
points committee.

Assessment of Heart Failure

Individuals were considered to have prevalent heart failure if they met any of the following
criteria: heart failure hospitalization before visit 4, symptomatic heart failure using
Gothenberg (stage 3) criteria?122 assessed at ARIC visit 1 or 2, or medication use for heart
failure at any ARIC Study visit. Participants were not asked about clinical symptoms at
visits 3 and 4; thus, symptomatic heart failure could not be assessed at these visits. However,
intervening heart failure hospitalizations were available.

In individuals free of heart failure at baseline (visit 4), incident heart failure was defined as
the first heart failure hospitalization or death from heart failure for those without a prior
heart failure hospitalization. Heart failure diagnosis was established using International
Classification of Disease, Ninth Revision (ICD-9) code 428 or Tenth Revision (ICD-10) code
150 in the first position.23 Additionally, to improve sensitivity of our outcome, we performed
a secondary analysis using a definition of heart failure based on ICD-9 code 428 in any
position,?4 as in previous ARIC studies.2%:26 Individuals were followed up for events
through January 1, 2006.

Statistical Analysis

Baseline characteristics were compared using »2 tests for categorical variables and analysis
of variance for continuous variables. Incidence graphs were created using the Kaplan-Meier
method. Differences between groups were compared using log-rank test. Hazard ratios
(HRs) with multivariate adjustment were estimated using a Cox proportional hazard model.
The proportionality assumption was evaluated graphically using the —log(—log-[survival
function]) plot and statistically using the Schoenfeld goodness-of-fit test. Follow-up time
was defined from study visit 4 until time of heart failure hospitalization, death, or January 1,
2006.
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UACR was evaluated as both a categorical and continuous variable. For the continuous
model, UACR was log-transformed given a non-normal distribution and examined
graphically using a linear spline model with knots at 10, 30, and 300 mg/g. To eliminate the
influence of very high levels of albuminuria on its association with heart failure, we
performed a sensitivity analysis excluding participants with UACR >30 mg/g.

We assessed potential interactions between UACR categories and sex, race, hypertension
status, diabetes status, prevalent CHD, and eGFR category using likelihood ratio tests.
Because albuminuria has been a marker of disease severity in diabetes and hypertension,
both of which are major clinical risk factors for heart failure,1* we also examined whether
albuminuria was independently associated with incident heart failure in subgroups of
individuals with and without these 2 conditions. To minimize the influence of CHD as a
mediator of the association of low levels of alouminuria on heart failure, we analyzed the
association between individuals free from CHD at baseline and who were censored at CHD
event during study follow-up. Finally, we examined the independent relationship of
albuminuria on heart failure after stratification by €6FR because both now are recognized to
be important in chronic kidney disease staging.2”

Given potential sex and racial differences in albuminuria, we performed sensitivity analyses
in which we calculated an adjusted UACR based on these characteristics. Using methods
described by Jacobs et al,?8 the adjusted UACR was calculated by dividing measured UACR
by a factors for both sex (0.68 if male, 1 if female) and race (0.88 if black, 1 if white). This
calculated adjusted UACR was categorized as optimal, intermediate-normal, high-normal,
microalbuminuria, and macroalbuminuria using the same cutoff values as in the primary
analysis. Additionally, we analyzed adjusted UACR as a continuous variable.

Statistical significance was prespecified with o = 0.05 (2 tailed). Statistical analyses were
performed using Stata 10 (Stata Statistical Software, release 10; StataCorp, www.stata.com).

Of 11,656 participants who presented for the fourth study visit, 10,975 were included in the
analysis because of exclusions for prevalent heart failure (n = 455), missing UACR
information (n = 160), history of dialysis or transplant (n = 6), eGFR <30 mL/min/1.73 m?
(n = 30), and race other than black or white (n = 30). Compared with individuals included in
the study, individuals with missing UACR values had similar characteristics of age, sex,
education level, and smoking status, but were more likely to be black, have hypertension, or
have diabetes. In study participants, mean + standard deviation and median UACRs were
22.9 + 184.9 and 3.7 mg/g, respectively. Most individuals were found to have optimal
UACRSs (n = 6,733; 61.4% of cohort), with 19.4% (n = 2,128) and 11.8% (n =1,294) of
individuals having intermediate-normal and high-normal UACRs, respectively. Prevalences
of microalbuminuria (n = 678) and macroalbuminuria (n = 142) were 6.2% and 1.3%,
respectively.

Table 1 lists baseline characteristics of participants by UACR category. Higher UACR was
associated with older age, lower educational attainment, and higher prevalences of CHD,
hypertension, and diabetes. Participants with micro- or macroalbuminuria had on average
lower eGFRs and high-density lipoprotein cholesterol levels and higher systolic blood
pressures and BMI than participants with normal UACR.

Participants were followed up for a median of 8.3 years and experienced 344 incident heart
failure events for an incident rate of 3.9 events/1,000 person-years. Incidence rates
progressively increased with higher levels of UACR (P <0.001 for trend). After adjustment
for covariates, intermediate-normal UACR was associated with a 54% increase in the
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relative hazard of heart failure compared with normal UACR, whereas high-normal UACR
was associated with a 91% increase in the relative hazard of heart failure (Table 2). Figure 1
shows the incidence of heart failure; survival curves were statistically different both globally
(P < 0.001) and among all individual curves (P < 0.01 for all comparisons).

In the analysis of UACR as a continuous log-transformed variable, the relative hazard of
heart failure was 1.15 (95% confidence interval [CI], 1.10-1.21) for each doubling of UACR
(eg, 20 vs 10 or 10 vs 5 mg/g). The risk associated with doubling of UACR was similar after
exclusion of individuals with micro- or macroalbuminuria (HR, 1.20; 95% ClI, 1.10-1.31).
Overall, we found a linear relationship between level of albuminuria and relative hazard of
the development of heart failure. Figure 2 shows the linear spline model of continuous
UACR with knots at 10, 30, and 300 mg/g. The relative hazard begins to increase linearly
from the baseline value of 1 mg/g.

In the secondary analysis using the more sensitive definition of heart failure, there were 752
incident cases of heart failure over a median of 8.2 years, for an incident rate of 8.7 cases/
1,000 person-years. The incidence of heart failure appeared to increase with each category
of UACR (P < 0.001 for trend; Fig S1, available as online supplementary material). After
adjustment for covariates, the HR of heart failure was significantly increased in individuals
with intermediate-normal UACR (1.25; 95% Cl, 1.01-1.55), high-normal UACR (1.68; 95%
Cl, 1.34-2.11), microalbuminuria (2.35; 95% ClI, 1.86-2.96), and macroalbuminuria (4.56;
95% CI, 3.29-6.31; Table S1).

No interaction was found between UACR category and race, sex, diabetes, hypertension, or
CHD (P > 0.1 for all comparisons). In subgroup analysis, continuous UACR was associated
with increased risk of incident heart failure in individuals with and without hypertension,
with and without diabetes, with and without baseline CHD, and free from CHD during
follow up (Table 3). This relationship persisted even after excluding individuals with micro-
or macroalbuminuria. In individuals with UACR <30 mg/g who were free from diabetes and
hypertension and censored at the time of the CHD event, doubling of UACR was associated
with a 49% increase in the relative hazard of heart failure.

No interaction was found between UACR and eGFR category (P = 0.4). Subgroup analysis
by eGFR category showed that increased levels of albuminuria were associated with
increased risk of incident heart failure along categories of eGFR (Table 4). This association
was particularly evident in the analysis that used the more sensitive definition of heart
failure, resulting in increased power (Table S2). In this analysis, the trend for association of
albuminuria and incident heart failure was highly significant along all categories of eGFR,
with the exception of eGFR >120 mL/min/1.73 m2 (P trend =0.2; P trend <0.01 for all other
categories).

In the sensitivity analysis using calculated adjusted UACR based on sex and race, we
obtained results similar to results in our primary analyses. Adjusted relative hazards of heart
failure for intermediate-normal adjusted UACR (1.57; 95% ClI, 1.14-2.15), high-normal
adjusted UACR (1.95; 95% ClI, 1.38-2.67), microalbuminuria (2.46; 95% Cl, 1.75-3.48),
and macroalbuminuria (3.53; 95% Cl, 2.21-5.66) were all increased compared with optimal
adjusted UACR. In the analysis of adjusted UACR as a continuous log-transformed variable,
the relative hazard of heart failure was 1.15 (95% CI, 1.10-1.21) for each doubling in
adjusted UACR.

DISCUSSION

Our findings suggest that albuminuria is an independent risk factor for heart failure in the
community. The relationship between UACR and incident heart failure hospitalization or
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death was linear across the continuum of UACR, with risk present even at levels less than
current definitions of alouminuria. This risk was similar in individuals with and without
diabetes, hypertension, and incident CHD and across the range of eGFRs.

Of 3 previous community-based studies, 2 showed an association between albuminuria and
incident heart failure,13:29 whereas 1 study3C did not. We found albuminuria, even at low
levels, to be associated with incident heart failure. Similar to our results, 1 previous study
had found a linear relationship between albuminuria and heart failure in a study of European
men older than 70 years.13 However, in that study, the linear association was not significant
after excluding individuals with macro- or microalbuminuria; thus, the association between
albuminuria and heart failure may have been driven by individuals with current definitions
of albuminuria. The investigators note that their study may have been underpowered to
differentiate risk between high-normal and normal urinary albumin excretion.13 In our
study, both intermediate- and high-normal UACR were associated with incident heart failure
in a community setting. Furthermore, the relative hazard of heart failure was similar across
sex and race categories, which, to our knowledge, has not been examined previously.

We found albuminuria to be associated with heart failure in individuals with diabetes,
hypertension, or CHD. Previous clinical trials have found an association between
albuminuria and heart failure in individuals at high risk of cardiovascular disease.”-31
Ingelsson et all3 found albuminuria was associated with heart failure in subgroups of
individuals free from antihypertensive treatment, diabetes, and myocardial infarction.
However, their results were not significant after excluding individuals with currently defined
levels of albuminuria.13 In our study, intermediate- and high-normal albuminuria were
associated with heart failure in individuals without diabetes and CHD. The association of
low-grade albuminuria in individuals without hypertension, diabetes, and CHD was evident
in the model of continuous UACR. The finding that low levels of albuminuria are a risk
factor for heart failure in low-risk individuals is novel.

There are a number of possible mechanisms for the association between albuminuria and
heart failure. Albuminuria has been associated with traditional risk factors for heart failure,
including hypertension,32 diabetes,? hyperlipidemia,33 and CHD.>34 However, our results
were significant even after adjustment and exclusion of many of these risk factors.
Albuminuria may be associated with activation of the renin-angiotensin-aldosterone system
and subsequent cardiovascular effects.® Alternatively, the increased permeability of renal
vessels in albuminuria may be a manifestation of general vascular endothelial
dysfunction,23> which has been associated with atherosclerosis.3® Microalbuminuria has
been associated with small-artery remodeling,3’ suggesting that impaired vascular function
may represent a common link between albuminuria and cardiovascular disease. Finally,
albuminuria has been associated with left ventricular hypertrophy,38:32 which suggests there
may be a mechanism for ventricular dysfunction that is not mediated by ischemic disease.13
In agreement, we found albuminuria to be associated with subsequent heart failure events
even after censoring individuals at the time of CHD events.

We found a strong relationship between UACR and heart failure that was independent of
eGFR. As a marker of decreased kidney function, eGFR is a known risk factor for the
development of heart failure.2> However, at normal levels of albuminuria, eGFR was not
associated significantly with incident heart failure. Conversely, we found a strong
association with UACR and incident heart failure regardless of eGFR. These findings
suggest that the mechanism by which kidney function and albuminuria are associated with
heart failure may be different.
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Although our results indicate that high-normal levels of albuminuria are associated with
increased risk of heart failure, they do not provide insight regarding whether interventions to
reduce albuminuria will improve outcomes. Previous trials suggest that inhibition of the
renin-angiotensin-aldosterone system may decrease the risk of cardiovascular disease in
individuals with albuminuria.?%-42 The benefit of treatment for individuals with high-normal
albuminuria is uncertain.®> Additional trials could determine whether a decrease in these
levels of albuminuria will decrease the risk of heart failure in the general population.

In this study, the primary outcome of incident heart failure was based on hospitalization or
death and relied on hospital diagnostic coding. This outcome may have excluded individuals
with clinical heart failure who were never hospitalized. In a recent clinical trial of
individuals with heart failure, alouminuria was associated with increased heart failure
hospitalizations.*3 Our findings therefore may reflect that albuminuria is associated with
increased disease severity for those with an outpatient diagnosis of heart failure.
Nonetheless, such results would still have clinical importance from a risk prediction
standpoint.

Other limitations of our study include measurement of UACR as a single random sample.
Although this method has been recommended,? it also is subject to considerable
variability.#4 Nonetheless, any nondifferential misclassification of UACR would more likely
bias our results toward the null.38 We were unable to determine the effect of certain markers
of risk of heart failure, including echocardiographic parameters, natriuretic peptide levels,
and novel markers of inflammation, because these measurements currently are not available
in the ARIC Study. Furthermore, we do not have follow-up clinical measurements, including
albuminuria, creatinine, and blood pressure, in our data set and thus are unable to observe
how changes in these factors affect the relationship between albuminuria and heart failure.
Finally, although we found a strong relative risk of association between categories of UACR
and incident heart failure, the absolute risk difference was relatively small given our
baseline incidence rate in the study population. However, using a more sensitive definition
for the outcome, we found the incidence of heart failure to be more than double the rate in
our baseline analysis. In the secondary analysis, the relative risk across UACR categories
was similar to our baseline analysis, implying a more substantial difference in absolute risk
between categories.

Our study has several strengths. The ARIC Study represents a prospective community-based
cohort of individuals who are of an age at risk of cardiovascular events. The biracial sample
further improves the generalizability of our results. ARIC participants had detailed and
standardized characterization of their cardiovascular risk. The large sample size and
significant follow-up allowed for various subgroup analyses to assess the risk in important
subpopulations.

In conclusion, increased levels of normal albuminuria, defined as UACR of 5-30 mg/g, was
associated with incident heart failure events. The risk of heart failure appeared to be linearly
related to increases in urinary albumin, with a relative hazard increase of 15% for each
doubling of UACR at levels currently considered to be normal. Increased risk of heart
failure was present even when censoring individuals at the time of CHD events during
follow-up, which suggests that the relationship between UACR and heart failure may not be
explained fully by ischemic heart disease. Further research is needed to elucidate the
mechanism of the albuminuria—heart failure relationship and address whether interventions
to reduce low levels of albuminuria will improve clinical outcomes.
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Figure 1.

Incidence of heart failure by albuminuria category in 10,975 Atherosclerosis Risk in
Communities (ARIC) Study participants. Albuminuria categories were based on urinary
albumin-creatinine ratios (UACRs) as macroalbuminuria (UACR =300 mg/g),
microalbuminuria (UACR <300 to =30 mg/g), high-normal (<30 to =10 mg/g),
intermediate-normal (<10 to =5 mg/g), and optimal (<5 mg/g). P < 0.01 for differences
among curves using the log-rank test.

Am J Kidney Dis. Author manuscript; available in PMC 2012 July 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Blecker et al. Page 12

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

Figure 2.

Adjusted relative hazard of heart failure by continuous level of urinary albumin-creatinine
ratio (UACR) in 10,975 Atherosclerosis Risk in Communities (ARIC) Study participants.
Reference point is UACR of 1 mg/g. Graph represents a linear spline model, with spline
terms at UACRs of 10, 300, and 300 mg/g. Shading represents the 95% confidence interval.
Hazard ratio (HR) adjusted for age, sex, race, education attainment, smoking status, drinking
status, coronary heart disease, hypertension, diabetes, systolic blood pressure, pulse
pressure, use of angiotensin-converting enzyme inhibitor or angiotensin receptor blocker,
use of diuretic, use of statin therapy, body mass index, low- and high-density lipoprotein
cholesterol level, and estimated glomerular filtration rate.
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Table 3
Adjusted HR of Heart Failure for Doubling of UACR
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No. of Participants

HR (95% CI)

All Participants

Participants With UACR <30 mg/g2

Full sample 10,975
Prevalent diabetes 1,716
No diabetes 9,177
Prevalent hypertension 5,074
No hypertension 5,860
No diabetes or hypertension 5,227
Prevalent CHD 763
No CHD 10,001
Censored if CHD 10,001
No hypertension or diabetes, censored at CHD event 4,894

1.15 (1.10-1.21)
1.15 (1.08-1.22)
117 (1.10-1.24)
1.14 (1.09-1.21)
1.19 (1.09-1.32)
1.12 (0.97-1.29)
1.15 (1.05-1.26)
1.15 (1.10-1.21)
1.18 (1.11-1.25)
1.22 (1.04-1.45)

1.20 (1.10-1.31)
1.15 (0.99-1.32)
1.24 (1.11-1.40)
1.15 (1.03-1.29)
1.27 (1.09-1.47)
1.35 (1.11-1.63)
1.31 (1.06-1.63)
1.18 (1.07-1.30)
1.20 (1.07-1.34)
1.49 (1.19-1.87)

Note: Adjusted for age, sex, race, education attainment, smoking status, drinking status, coronary heart disease, diuretic use, use of angiotensin-
converting enzyme inhibitor or angiotensin receptor blocker, hypertension, diabetes, statin use, systolic blood pressure, pulse pressure, body mass
index, low- and high-density lipoprotein cholesterol levels, and estimated glomerular filtration rate. VValues estimated from a model with UACR as

a continuous variable.

Abbreviations: CHD, coronary heart disease; Cl, confidence interval; HR, hazard ratio; UACR, urinary albumin-creatinine ratio.

aEchudes participants with microalbuminuria (UACR, 30 to 299 mg/g) and macroalbuminuria (UACR >300 mg/g).
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