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Background: Albuminuria is associated with an in-
creased risk of death independent of level of renal func-
tion. Whether this association is similar for adults of all
ages is not known.

Methods: We examined the association between the al-
bumin to creatinine ratio (ACR) and all-cause mortality
after stratification by estimated glomerular filtration rate
(eGFR) and age group in 94 934 veterans with diabetes
mellitus. Cohort members had at least 1 ACR recorded
in the Veterans Affairs Health Care System between Oc-
tober 1, 2002, and September 30, 2003, and were fol-
lowed up for death through October 15, 2009.

Results: From the youngest to the oldest age group, the
prevalence of an eGFR less than 60 mL/min/1.73 m?
ranged from 11% to 41%; microalbuminuria (ACR 30-
299 mg/g) ranged from 19% to 28%; and macroalbumin-
uria (ACR =300 mg/g) ranged from 3.2% to 3.7%. Of pa-

tients with an eGFR less than 60 mL/min/1.73 m?, 72%
of those younger than 65 years, 74% of those 65 to 74
years old, and 59% of those 75 years and older had an
eGFR of 45 to 59 mL/min/1.73 m?. In all age groups, less
than 35% of these patients had albuminuria (ie, ACR =30
mg/g). In patients 75 years and older, the ACR was in-
dependently associated with an increased risk of death
at all levels of eGFR after adjusting for potential con-
founders. In younger age groups, this association was pres-
ent at higher levels of eGFRs but seemed to be attenu-
ated at lower levels.

Conclusion: The ACR is independently associated with
mortality at all levels of eGFR in older adults with dia-
betes and may be particularly helpful for risk stratifica-
tion in the large group with moderate reductions in eGFR.
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UMEROUS STUDIES'” HAVE
described a strong inde-
pendent association be-
tween the level of urinary
protein excretion and the
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risk of death in populations with and with-
out diabetes mellitus. Several recent stud-
ies**? indicate further that proteinuria is in-
dependently associated with mortality even
in patients with a low estimated glomeru-
lar filtration rate (eGFR). Thus, protein-
uria is increasingly recognized as an impor-
tant risk stratification tool in patients with
chronic kidney disease (CKD).
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The ability to risk-stratify patients with
alow eGFR may be particularly valuable in
elderly patients because moderate reduc-
tions in eGFR are common but of uncer-
tain clinical significance in older adults.'*"
However, results of previous studies®!*16:2°

mortality in patients of different ages and
across a broad range of eGFR values.
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PATIENTS AND DATA SOURCES

Weidentified patients with an albumin to creati-
nineratio (ACR) and a serum creatinine level re-
corded in national Veterans Affairs Health Care
System (VA) data sources between October 1,
2002, and September 30, 2003, with follow-up
through October 15, 2009, for the primary out-
come of all-cause mortality. We used several data
sources to assemble the analytic data set for this
study. The VA Decision Support System Labora-
tory Results file (a comprehensive database that
includes VA-wide results for selected laboratory
tests obtained in the clinical setting) was used to
obtain ACR and serum creatinine test results. We
used VA inpatientand outpatientadministrative
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data to characterize demographic characteristics and diagnosed co-
morbid conditions of cohort patients based on International Clas-
sification of Diseases, Ninth Revision (ICD-9) diagnostic and pro-
cedure codes and Current Procedural Terminology*' codes. We used
the VA Corporate Data Warehouse (which includes vital sign mea-
surements entered into the VA electronic medical record) to ob-
tain each patient’s most recent outpatient measurements of blood
pressure, height, and weight at or within 1 year before cohort en-
try. Because many VA patients also use Medicare, we used linked
Medicare inpatient and outpatient claims to supplement comor-
bidity and race information for these patients. Information on medi-
cation prescriptions at the time of cohort entry was obtained from
the VA Decision Support System pharmacy file?? (which includes
information on all medications prescribed through the VA). We
used data from the US Renal Data System (a national end-stage re-
nal disease registry) to exclude patients with prevalent end-stage
renal disease.

There were 117 188 veterans aged 20 to 100 years with at least
1 urinary ACR recorded in the VA Decision Support System Labo-
ratory Results file between October 1, 2002, and September 30,
2003 (Figure 1). Of these, 110 104 had a serum creatinine mea-
surement on the same day or during the 180 days preceding co-
hort entry. We excluded 399 of these patients because they had
already reached end-stage renal disease at the time of cohort en-
try or because their most recent eGFR at the time of cohort entry
was less than 15 mL/min/1.73 m* We excluded 3 patients be-
cause sex was unavailable. From the remaining 109 702 pa-
tients, we identified a subset of 94 934 patients with a diagnostic
code for diabetes (ICD-9 code 250.xx) during the year before co-
hort entry in either VA or Medicare administrative files. Because
some patients with diabetes might not have been captured by di-
agnostic codes, we also considered patients to have diabetes if they
had been prescribed insulin or an oral hypoglycemic agent in the
VA during the year before cohort entry. Patients entered the co-
hort at the time of their first ACR measurement during the as-
certainment period.

PREDICTOR VARIABLE

The primary predictor variable was ACR category at cohort en-
try. When patients had more than 1 measurement, we used only
the first ACR measure during the ascertainment period. Pa-
tients were grouped into the following ACR categories: less than
30 mg/g (normoalbuminuria), 30 to 299 mg/g (microalbumin-
uria), and 300 mg/g or greater (macroalbuminuria).

OUTCOME

Patients were followed up from the date of cohort entry to either
the date of death or October 15, 2009, whichever came first.
Mortality data were obtained from the VA Vital Status file and
were available through October 15, 2009.% Date of death in this
file is ascertained from a variety of sources, including the So-
cial Security Administration, the VA Beneficiary Identification
and Records Locator Subsystem, and Medicare and VA utili-
zation data.

COVARIATES

The eGFR was calculated using the most recent outpatient se-
rum creatinine measurement determined at or within 180 days
of cohort entry. We used the 4-variable Modification of Diet in
Renal Disease formula to estimate GFR based on sex, race, and
age at the time of creatinine measurement.** Whenever avail-
able, we used Medicare race data instead of VA race data because
of its superior accuracy and completeness.”? Patient race was
characterized as black, nonblack, or missing (race data were not

117188 Veterans with >1 urinary ACR
between October 1, 2002, and
September 30, 2003 (cohort entry)

7084 Without serum creatinine measurement
> at cohort entry or the previous 180 d
were excluded

\ 4

110104 Veterans with serum creatinine
measurement at cohort entry
or in the previous 180 d

15170 Were excluded
399 Had already reached end-stage

renal disease or had an
eGFR <15mL/min/1.73 m?

14768 Did not have a diagnostic code
for diabetes or had not been
prescribed insulin or an oral
hypoglycemic agent during
the year before cohort entry

3 Had missing data on sex

A
94934 Composed the study cohort

Figure 1. Flowchart of the study cohort. ACR indicates albumin to creatinine
ratio; eGFR, estimated glomerular filtration rate.

available for 5% of patients). In estimating the GFR, we assumed
that patients who were missing information on race were non-
black. We also conducted a sensitivity analysis limited to pa-
tients with complete race data. The eGFR was categorized as fol-
lows: 90 mL/min/1.73 m? or greater, 60 to 89 mL/min/1.73 m?,
45 to 59 mL/min/1.73 m?, 30 to 44 mL/min/1.73 m?, and 15 to
29 mI/min/1.73 m”. A history of coronary artery disease was de-
fined using ICD-9 diagnostic codes for this condition or a pro-
cedure code for angioplasty or bypass during the year before co-
hort entry. Peripheral arterial disease was defined using diagnostic
codes for this condition or a procedure code for a lower extrem-
ity bypass or angioplasty during the year before cohort entry. Pre-
vious stroke or transient ischemic attack was defined using di-
agnostic codes for either of these conditions during the year before
cohort entry. We also included each patient’s most recent body
mass index (calculated as weight in kilograms divided by height
in meters squared) (categorized for multivariate analysis as <18.5,
18.5-24, 25-29, 30-34, 35-39, and =40), systolic blood pressure
(categorized for multivariate analyses as <110, 110-119, 120-
139, 140-159, and =160 mm Hg), and diastolic blood pressure
(categorized for multivariate analyses as <80, 80-89, 90-99, and
=100 mm Hg) based on outpatient measurements within a year
before cohort entry. Patients were also classified according to
whether the following medications were prescribed at the time
of cohort entry or during the preceding year: insulin, oral hypo-
glycemic agents, and medications known to affect level of pro-
teinuria (angiotensin-converting enzyme inhibitors, angioten-
sin receptor antagonists, non—dihydropyridine calcium channel
blockers [diltiazem and verapamil], and statins).

STATISTICAL ANALYSIS

Demographic and clinical characteristics of the study popula-
tion are presented according to ACR category as percentage and
95% confidence interval for categorical variables and as mean
and 95% confidence interval for continuous variables. Crude death
rates were calculated after stratification for ACR, eGFR, and age
group (categorized as <65, 65-74, and =75 years). We used Cox
proportional hazards regression models to estimate the ad-
justed hazard of death for each ACR category within age and eGFR
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Table 1. Cohort Characteristics by Category of Albumin to Creatinine Ratio

Albumin to Creatinine Ratio, mg/g

<30 30-299 =300

Variable (n=70328) (n=21311) (n=3295)
Age, mean (95% Cl), y 66.0 (66.0-66.1) 68.3 (68.2-68.5) 67.6 (67.2-68.0)
Black race? 136(134139) 11.1 (10.7-11.6) 116(105127)
Female sex? 1(2.0-2.2) 1.6 (1.5-1.8) 4 (1.0-1.8)
Coronary artery disease? 27 8 (27.5-28.1) 33.2 (32.6-33.9) 34 5(32.8-36.1)
Peripheral arterial disease? 1.8 (1.7-1.9) 2.8 (2.5-3.0) 4.0 (3.3-4.7)
Congestive heart failure? 9.8 (9.6-10.1) 15 2 (14.7-15.6) 20.8 (19.4-22.1)
Stroke or transient ischemic attack? 3.1(2.9-3.2) 1(3.9-44) 4.3 (3.6-4.9)
Blood pressure, mean (95% Cl), mm Hg

Systolic 137.2 (137.1-137.3) 141.9 (141.6-142.2) 147.7 (146.9-148.5)

Diastolic 74.2 (74.2-74.3) 74.3 (74.1-74.4) 75.6 (75.2-76.1)
Body mass index, mean (95% CI)® 31.2 (31.2-31.3) 31.1 (31.1-31.2) 31.1 (30.9-31.4)
eGFR, mean (95% Cl), mL/min/1.73 m? 77.1(76.9-77.2) 71.8 (71.5-72.1) 61.6 (60.8-62.5)
Insulin, % 18.9 (18.6-19.2) 26.3 (25.7-26.9) 39.4 (37.7-41.0)
Oral hypoglycemic agent? 69.0 (68.7-69.4) 71.6 (71.0-72.2) 67.3 (65.7-68.9)
Calcium channel blocker? 8.3 (8.1-8.5) 10.2 (9.8-10.6) 13.2 (12.1-14.4)
ACE inhibitor? 58 8 (58.5-59.2) 65 8 (65.2-66.5) 69.1 (67.6-70.7)
ARB? 1(6.9-7.3) 7(8.3-9.0) 10.9 (9.8-12.0)
Statin@ 53 4 (53.0-53.8) 55 1 (54.3-55.7) 58.4 (56.7-60.0)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor antagonist; Cl, confidence interval; eGFR, estimated glomerular filtration rate.

2Data are given as percentage (95% confidence interval).
bCalculated as weight in kilograms divided by height in meters squared.
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Figure 2. Distribution of estimated glomerular filtration rate (eGFR) (given as
milliliters per minute per 1.73 m?) and albuminuria (defined as albumin to
creatinine ratio of =30 mg/g) by age group among patients who meet
criteria for chronic kidney disease.

strata. These analyses were adjusted for the following potential
modifying or confounding factors in the relationship between
ACR and death that were available in the data sources: sex, race,
comorbidities, medications, most recent outpatient measure-
ments of systolic and diastolic blood pressure and body mass in-
dex, and the number of days between serum creatinine and ACR
measurements. Age and eGFR were also included as continu-
ous variables to account for residual confounding within strata.
Vital sign measurements were categorized as missing for 6.2%
of cohort patients for whom these measurements were not avail-
able. The proportional hazards assumption was tested for each
model using Schoenfeld residuals. We also compared the plot

of the log (-log [survival]) vs log of survival time; if the graph
resulted in parallel lines, the predictor variable was considered
proportional. Violations of the proportional hazards assump-
tion were accommodated by either stratification or incorpora-
tion of time-varying covariates.”” We tested for a statistically sig-
nificant interaction of age group with ACR category in patients
in each eGFR category.

We repeated the primary analyses after excluding patients
missing race data. To estimate the effect of ascertainment bias
on study results, we compared the age and eGFR distribution of
cohort patients with that of all patients who did not undergo ACR
measurement but who did undergo serum creatinine measure-
ment during the cohort entry period (October 1, 2002, through
September 30, 2003) and had at least 1 diagnostic code for dia-
betes in VA or Medicare inpatient files during the preceding year.
All analyses were conducted using a statistical software pro-
gram (STATA/SE 11, StataCorp LP, College Station, Texas).

B RESULTS e

The mean (SD) age of the cohort was 66.6 (10.9) years,
98% of cohort members were male, and 13% were black.
Seventy-four percent of patients had an ACR of less than
30 mg/g, 22.5% had an ACR of 30 to 299 mg/g, and 3.5%
had an ACR of at least 300 mg/g (Table 1). The mean
age was higher and the proportion of patients who were
black was slightly lower for those with an ACR of 30 to
299 mg/g compared with the other groups. From the low-
est to the highest ACR category, the proportion of women
decreased slightly; the prevalence of all comorbidities in-
creased; mean systolic and diastolic blood pressure in-
creased; the use of insulin, angiotensin-converting en-
zyme inhibitors, angiotensin receptor antagonists, statins,
and non—dihydropyridine calcium channel blockers in-
creased; and mean eGFR decreased. Mean body mass in-
dex was similar across ACR categories.
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Figure 3. Crude annual mortality rates by albumin to creatinine ratio (ACR) (given in milligrams per gram), estimated glomerular filtration rate (eGFR) (given as

milliliters per minute per 1.73 m?), and age group.

Forty-two percent of patients were younger than 65
years, 32% were 65 to 74 years old, and 26% were 75
years and older. Across age groups, the proportion of all
patients who met the criteria for CKD (defined as an
eGFR <60 mL/min/1.73 m” or an ACR =30 mg/g)
increased from 26.5% in those younger than 60 years to
56.4% in those aged 75 years and older (Figure 2).
The distribution of eGFR and ACR varied markedly
with increasing age. Seventy-two percent of all patients
younger than 65 years who met the criteria for CKD did
so because they had albuminuria only (ie, their eGFR
was =60 mL/min/1.73 m?). This was true for only
27.9% of patients aged 75 years and older. On the other
hand, 44.6% of patients 75 years or older who met the
criteria for CKD did so because of an isolated low eGFR
(ie, ACR <30 mg/g) compared with 23.6% of patients
younger than 60 years. In all age groups, most patients
who met criteria for CKD had mild to moderate reduc-
tions in eGFR in the 45- to 59-mL/min/1.73 m” range.

During median follow-up of 6.4 years (25th-75th per-
centile, 6.0-6.7 years), 25481 patients (26.8%) died. In
all age groups, crude mortality rates generally increased
with progressively higher levels of ACR in patients with
similar levels of eGFR (Figure 3). For any given ACR
and eGFR category, crude mortality rates were higher in
older than in younger patients. In Cox proportional haz-
ards regression analysis, ACR was independently asso-
ciated with death at all levels of eGFR in patients 75 years
and older (Table 2). Although, in general, this associa-
tion was of similar magnitude in older and younger co-
hort members, the association did differ across age groups
in some eGFR categories. For younger compared with
older patients, point estimates for the association of ACR
with mortality were of slightly greater magnitude at eGFR
levels of 60 to 89 mL/min/1.73 m?* and were attenuated
at lower levels of eGFR (Table 2).

Results of a parallel sensitivity analysis that excluded
patients with missing race data did not differ substan-
tially from the primary analysis (data not shown). Co-
hort patients were younger (mean [SD] age, 66.6 [10.9]
vs 72.5 [8.3] years) and had a higher mean (SD) eGFR

(75.3 [22.3] vs 66.4 [22.7] mL/min/1.73 m?) compared
with patients with diabetes who underwent serum cre-
atinine but not ACR measurement in the VA during the
cohort entry period (n=236983).

B COMMENT By

In older members of this large cohort with diabetes, ACR
was independently associated with an increased risk of
death at all levels of eGFR. In younger cohort members,
this association was present at higher levels but seemed
to be attenuated at lower levels of eGFR.

Several previous studies®'” in diabetic and nondia-
betic cohorts have described an association between
proteinuria and mortality that is independent of eGFR
and that is present even in patients with a low eGFR.
Most of these studies demonstrate that in persons with
normal, mild, or moderate reductions in eGFR, the
presence or absence of proteinuria is as (if not more)
strongly associated with mortality compared with level
of eGFR. However, the existing literature provides lim-
ited and conflicting information on the prognostic value
of proteinuria at older ages. Roderick et al*® examined
the association between dipstick proteinuria and mor-
tality during a median of 7.3 years in 13177 primary
care patients 75 years and older in the United Kingdom.
After accounting for eGFR, proteinuria was associated
with a modest increase in risk of death, but this associa-
tion was not present at all levels of eGFR. Conway et
al?® did not find a statistically significant independent
association between level of proteinuria and risk of
death in an elderly referred population with advanced
kidney disease after adjustment for eGFR and other
potential confounders. de Boer et al'* examined the
association of eGFR and albuminuria with mortality in
691 adults 65 years and older with diabetes observed
for 10 years. In this study, an ACR of at least 30 mg/g
and an eGFR less than 60 mL/min/1.73 m? were inde-
pendently associated with mortality, each conferring an
approximately 70% increase in mortality risk. In a com-
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Table 2. Adjusted Association of eGFR and ACR With Mortality by Age Group?
eGFR, mL/min/1.73 m?
Variable I =90 60-89 45-59 30-44 15-29
Age <65y
Patients, No. 16355 19056 3147 962 252
ACR, mean (95% Cl), mg/g
<30 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
30-299 1.33 (1.20-1.48) 1.47 (1.33-1.63) 1.33 (1.11-1.60) 1.18 (0.86-1.62) 0.23 (0.07-0.86)
=300 2.14 (1.69-2.72) 1.89 (1.54-2.32) 1.99 (1.51-2.61) 0.92 (0.59-1.44) 0.31 (0.10-1.00)
Pvalue for trend® <.001 <.001 <.001 .90 .06
Age 65-74 y
Patients, No. 3870 17991 6458 1803 452
ACR, mean (95% Cl), mg/g
<30 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
30-299 1.29 (1.10-1.51) 1.48 (1.37-1.59) 1.41 (1.27-1.56) 1.65 (1.40-1.93) 0.88 (0.58-1.32)
=300 2.33 (1.57-3.44) 2.04 (1.74-2.40) 1.75 (1.45-2.11) 1.68 (1.33-2.12) 1.27 (0.84-1.91)
Pvalue for trend® <.001 <.001 <.001 <.001 .29
Age =75y
Patients, No. 1919 12676 5854 3470 673
ACR, mean (95% Cl), mg/g
<30 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
30-299 1.17 (0.99-1.39) 1.28 (1.21-1.37) 1.30 (1.19-1.41) 1.19 (1.08-1.32) 1.34 (1.05-1.71)
=300 1.58 (0.97-2.57) 1.72 (1.48-2.01) 1.68 (1.42-1.99) 1.42 (1.19-1.69) 1.51 (1.10-2.09)
Pvalue for trend® .02 <.001 <.001 <.001 .004
Pvalue for interaction® ah <.001 14 .88 .08

Abbreviations: ACR, albumin to creatinine ratio; Cl, confidence interval; eGFR, estimated glomerular filtration rate.

2Point estimates are adjusted for age, race, sex, eGFR, comorbidity (diabetes mellitus, coronary artery disease, peripheral arterial disease, and stroke or

transient ischemic attack), systolic and diastolic blood pressure, body mass index, and medication use (insulin, oral hypoglycemic agents, angiotensin-converting
enzyme inhibitors, angiotensin receptor antagonists, non—dihydropyridine calcium channel blockers, and statins).

b p value for trend describes the trend across ACR categories in patients in the same age and eGFR groups.

¢ P value for interaction describes the interaction of age group with ACR category in each eGFR category.

munity cohort of 9709 adults 20 years and older
observed for 8.3 years, Hallan et al’ examined the asso-
ciation between cardiovascular mortality and microal-
buminuria (defined as an ACR of 30-300 mg/g in men
and 20-200 mg/g in women) and “high normal” values
of albuminuria (defined as an ACR of 5-19 mg/g in
women and 7-29 mg/g in men) by level of eGFR (=75,
60-74, 45-59, and <45 mL/min/1.73 m?) in patients of
different ages. In older and younger members of this
cohort (ie, <70 and =70 years old), microalbuminuria
and high-normal ACR values were associated with an
increased risk of cardiovascular death compared with
the referent group with an eGFR of at least 75 mL/min/
1.73 m? and an “optimal” ACR (defined as an ACR of
<5 mg/g in women and <7 mg/g in men). Point esti-
mates for the association of a given level of ACR and
eGFR with mortality were generally higher for older
than for younger patients. However, confidence inter-
vals for each point estimate overlapped across age
groups. In addition, this study did not provide informa-
tion on the independent association of ACR with mor-
tality after adjustment for eGFR.

In the clinical setting, the ACR may be particularly
helpful for risk stratification in elderly patients who meet
the current eGFR criteria for CKD. Mild to moderate re-
ductions in eGFR are common in elderly patients but are
of uncertain clinical significance and in many instances
may represent part of the spectrum of renal senes-
cence.” Several studies'’"” have demonstrated that the
relative risk of death associated with a given level of eGFR

is attenuated with age and that older patients with mild
to moderate reductions in eGFR seem to experience mor-
tality rates that are comparable with those of their peers
with higher levels of eGFR. In contrast, the association
of ACR with mortality in this cohort was not attenuated
with age and in patients 75 years and older was present
at all levels of eGFR. Forty percent of patients in this old-
est age group had a low eGFR, but most had moderate
reductions in eGFR in the 45- to 59-mL/min/1.73 m?
range, and most did not have either microalbuminuria
or macroalbuminuria. Thus, at older ages, an ACR of less
than 30 mg/g may serve to identify a large subgroup of
patients with moderate reductions in eGFR who are at
relatively lower risk for death.

This study has the following limitations. First, we re-
quired that patients have at least 1 ACR measurement
during the ascertainment period and at least 1 serum cre-
atinine measurement during the preceding 180 days. Al-
though most patients with an ACR had a serum creati-
nine measurement, the reverse was not true, and the study
cohort seemed to be healthier and younger than their
counterparts with diabetes, who had a serum creatinine
measurement but did not undergo ACR measurement.
Therefore, the results of this study may be generalizable
only to persons with diabetes in whom the ACR tends
to be requested in the clinical setting, and absolute and
relative mortality rates associated with a given level of
eGFR and ACR reported herein may differ from those of
the overall population of VA patients with diabetes. Nev-
ertheless, this limitation must be weighed against the ad-
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vantages of the data source for supporting detailed analy-
ses of the relationships among eGFR, ACR, and mortality.
Second, to limit ascertainment bias as much as possible,
these analyses were based on each patient’s first ACR mea-
surement during the ascertainment period. However, in
the clinical setting, more than 1 urinary albumin mea-
surement is recommended. On the other hand, it is un-
clear whether sequential measurements of urinary albu-
min excretion have greater prognostic significance than
does a single measurement.” Third, serum creatinine mea-
surements used in this study were not calibrated to the
Cleveland Clinic laboratory. The absence of creatinine
calibration may affect the accuracy of GFR estimates
greater than 45 mL/min/1.73 m? but is unlikely to dif-
ferentially affect the accuracy of GFR estimates by level
of ACR or age. Fourth, these data sources had several in-
herent limitations: we had no information on cause of
death and did not have reliable or complete information
on other risk factors of mortality, such as physical activ-
ity, smoking, lipid levels, and duration of diabetes. Simi-
lar to other large cohort studies of this nature, comor-
bidity information was obtained from diagnostic codes
rather than from medical record diagnosis or patient in-
terview and, thus, may be inaccurate and sensitive to the
specific search strategy used. Fifth, this population was
predominantly male; thus, we could not examine differ-
ences in the association of eGFR and ACR with mortal-
ity by sex.

The ACR was independently associated with mortal-
ity at all levels of eGFR in older members of this cohort
with diabetes. More than half of all patients 75 years
and older met the current criteria for CKD, in many
cases because of an isolated moderate reduction in
eGFR. At all levels of eGFR, ACR was independently as-
sociated with mortality in these older patients. Collec-
tively, these findings suggest that the ACR may be a
valuable tool for mortality risk stratification in the el-
derly, particularly in the large group a moderate reduc-
tion in eGFR.

Accepted for Publication: December 14, 2009.
Correspondence: Ann M. O’'Hare, MD, MA, Division of
Nephrology, Primary and Specialty Medicine Service Line,
VA/Puget Sound Medical Center, Nephrology and Re-
nal Dialysis Unit, Bldg 100, Room 5B113, 1660 S Co-
lumbian Way, Seattle, WA 98108 (ann.ohare@va.gov).
Author Contributions: Study concept and design: O’Hare,
Hailpern, Rios-Burrows, Saran, and Williams. Acquisi-
tion of data: O’Hare, Gupta, Maynard, and Todd-
Stenberg. Analysis and interpretation of data: O'Hare, Hail-
pern, Pavkov, Rios-Burrows, Maynard, Rodriguez, and
Hemmelgarn. Drafting of the manuscript: O’'Hare and Hail-
pern. Critical revision of the manuscript for important
intellectual content: O’Hare, Hailpern, Pavkov, Rios-
Burrows, Maynard, Todd-Stenberg, Rodriguez, Hemmel-
garn, Saran, and Williams. Statistical analysis: O’Hare,
Hailpern, Pavkov, Maynard, Hemmelgarn, and Wil-
liams. Obtained funding: O'Hare and Williams. Adminis-
trative, technical, and material support: O’'Hare, Rios-
Burrows, Gupta, Todd-Stenberg, and Williams. Study
supervision: O’'Hare, Todd-Stenberg, and Williams.
Financial Disclosure: Dr O’Hare receives research sup-

port from the National Institute on Aging and has re-
ceived royalties from UpToDate and speaker fees from
the Japanese Society for Footcare in the past year.
Funding/Support: This work was supported by an In-
teragency Agreement between the Centers for Disease
Control and Prevention and the VA Puget Sound Health
Care System.

Role of the Sponsor: The Centers for Disease Control
and Prevention and the VA Puget Sound Health Care Sys-
tem had no role in the design and conduct of the study
or in the collection, analysis, and interpretation of study
data.

Disclaimer: The findings and conclusions in this report
are those of the authors and do not necessarily repre-
sent the official position of the Centers for Disease Con-
trol and Prevention or the US government.

Additional Contributions: Adam Batten, BS, Whitney
Showalter, BA, and Hong Nguyen, BS, of the VA Puget
Sound Health Care System Health Services Research &
Development Center for Excellence provided technical
assistance with the manuscript.

S EEEEEETE

1. Yuyun MF, Khaw KT, Luben R, et al; European Prospective Investigation into Can-
cer in Norfolk (EPIC-Norfolk) population study. Microalbuminuria indepen-
dently predicts all-cause and cardiovascular mortality in a British population: the
European Prospective Investigation into Cancer in Norfolk (EPIC-Norfolk) popu-
lation study. Int J Epidemiol. 2004;33(1):189-198.

2. Romundstad S, Holmen J, Hallan H, Kvenild K, Ellekjaer H. Microalbuminuria and
all-cause mortality in treated hypertensive individuals: does sex matter? the Nord-
Trondelag Health Study (HUNT), Norway. Circulation. 2003;108(22):2783-
2789.

3. Klausen K, Borch-Johnsen K, Feldt-Rasmussen B, et al. Very low levels of mi-
croalbuminuria are associated with increased risk of coronary heart disease and
death independently of renal function, hypertension, and diabetes. Circulation.
2004;110(1):32-35.

4. Jager A, Kostense PJ, Ruhé HG, et al. Microalbuminuria and peripheral arterial
disease are independent predictors of cardiovascular and all-cause mortality, es-
pecially among hypertensive subjects: five-year follow-up of the Hoorn Study.
Arterioscler Thromb Vasc Biol. 1999;19(3):617-624.

5. Hillege HL, Janssen WM, Bak AA, et al; Prevend Study Group. Microalbuminuria
is common, also in a nondiabetic, nonhypertensive population, and an indepen-
dent indicator of cardiovascular risk factors and cardiovascular morbidity. J /n-
tern Med. 2001;249(6):519-526.

6. Gerstein HC, Mann JF, Yi Q, et al; HOPE Study Investigators. Albuminuria and
risk of cardiovascular events, death, and heart failure in diabetic and nondia-
betic individuals. JAMA. 2001;286(4):421-426.

7. Arnlév J, Evans JC, Meigs JB, et al. Low-grade albuminuria and incidence of car-
diovascular disease events in nonhypertensive and nondiabetic individuals: the
Framingham Heart Study. Circulation. 2005;112(7):969-975.

8. Wen CP, Cheng TY, Tsai MK, et al. All-cause mortality attributable to chronic kid-
ney disease: a prospective cohort study based on 462 293 adults in Taiwan. Lancet.
2008;371(9631):2173-2182.

9. Hallan S, Astor B, Romundstad S, Aasared K, Kvenild K, Coresh J. Association
of kidney function and albuminuria with cardiovascular mortality in older vs younger
individuals: the HUNT Il Study. Arch Intern Med. 2007;167(22):2490-2496.

. Tonelli M, Jose P, Curhan G, Sacks F, Braunwald E, Pfeffer M; Cholesterol and
Recurrent Events (CARE) Trial Investigators. Proteinuria, impaired kidney func-
tion, and adverse outcomes in people with coronary disease: analysis of a pre-
viously conducted randomised trial. BMJ. 2006;332(7555):1426.
doi:10.1136/bm|.38814.566019.2F.

11. Foster MC, Hwang SJ, Larson MG, et al. Cross-classification of microalbumin-
uria and reduced glomerular filtration rate: associations between cardiovascular
disease risk factors and clinical outcomes. Arch Intern Med. 2007;167(13):
1386-1392.

. Astor BC, Hallan SI, Miller ER 111, Yeung E, Coresh J. Glomerular filtration rate,
albuminuria, and risk of cardiovascular and all-cause mortality in the US population.
Am J Epidemiol. 2008;167(10):1226-1234.

. So WY, Kong AP, Ma RC, et al. Glomerular filtration rate, cardiorenal end points,

(REPRINTED) ARCH INTERN MED/VOL 170 (NO. 11), JUNE 14, 2010

935

WWW.ARCHINTERNMED.COM

©2010 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 03/08/2022



14.

15.

16.

17.

18.

19.

20.

21.

and all-cause mortality in type 2 diabetic patients. Diabetes Care. 2006;29(9):
2046-2052.

de Boer IH, Katz R, Cao JJ, et al. Cystatin C, albuminuria, and mortality among
older adults with diabetes. Diabetes Care. 2009;32(10):1833-1838.

Bruno G, Merletti F, Bargero G, et al. Estimated glomerular filtration rate, albu-
minuria and mortality in type 2 diabetes: the Casale Monferrato study. Diabetologia.
2007;50(5):941-948.

Roderick PJ, Atkins RJ, Smeeth L, et al. CKD and mortality risk in older people:
a community-based population study in the United Kingdom. Am J Kidney Dis.
2009;53(6):950-960.

Raymond NT, Zehnder D, Smith SC, Stinson JA, Lehnert H, Higgins RM. EI-
evated relative mortality risk with mild-to-moderate chronic kidney disease de-
creases with age. Nephrol Dial Transplant. 2007;22(11):3214-3220.

0’Hare AM, Bertenthal D, Covinsky KE, et al. Mortality risk stratification in chronic
kidney disease: one size for all ages? J Am Soc Nephrol. 2006;17(3):846-853.

Coresh J, Selvin E, Stevens LA, et al. Prevalence of chronic kidney disease in the
United States. JAMA. 2007;298(17):2038-2047.

Conway B, Webster A, Ramsay G, et al. Predicting mortality and uptake of renal
replacement therapy in patients with stage 4 chronic kidney disease. Nephrol Dial
Transplant. 2009;24(6):1930-1937.

Current Procedural Terminology. Chicago, IL: American Medical Association; 2009.

22.

23.

24.

25.

26.

27.

28.

29.

Smith MW, Joseph GJ. Pharmacy data in the VA health care system. Med Care
Res Rev. 2003;60(3)(suppl):92S-123S.

Arnold N, Sohn MW, Maynard C, Hynes DM. VIReC Technical Report 2: VA-NDI
Mortality Data Merge Project. April 9, 2006. http://www.virec.research.va.gov
/References/TechnicalReports/TECH_REPORT2_NDI.pdf. Accessed September
4,2009.

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D; Modification of Diet
in Renal Disease Study Group. A more accurate method to estimate glomerular
filtration rate from serum creatinine: a new prediction equation. Ann Intern Med.
1999;130(6):461-470.

Arday SL, Arday DR, Monroe S, Zhang J. HCFA’s racial and ethnic data: current ac-
curacy and recent improvements. Health Care Financ Rev. 2000;21(4):107-116.
Sohn MW, Zhang H, Arnold N, et al. Transition to the new race/ethnicity data
collection standards in the Department of Veterans Affairs. Popul Health Metr.
2006;4:7. doi:10.1186/1478-7954-4-7.

Hosmer DW, Lemershow S. Applied Survival Analysis. New York, NY: John Wiley
& Sons; 1999.

Glassock RJ, Winearls C. An epidemic of chronic kidney disease: fact or fiction?
Nephrol Dial Transplant. 2008;23(4):1117-1121.

Pavkov ME, Knowler WG, Hanson RL, Bennett PH, Nelson RG. Predictive power
of sequential measures of albuminuria for progression to ESRD or death in Pima
Indians with type 2 diabetes. Am J Kidney Dis. 2008;51(5):759-766.

This Month in Archives of Internal Medicine Online @ www.archinternmed.com

Sign Up for Free See Also
e Table of Contents E-mail Alerts
e Topic Collection E-mail Alerts

e RSS Feeds

e Physician Jobs

[E=E This Month's Featured
Free Article

Effect of Hospital Follow-up
Appointment on Clinical Event
Outcomes and Mortality

e Calendar of Events

e Backfiles of Articles Back to 1908

View Last Month'’s

* Most Viewed Articles
* Most Sent Articles

* Most Viewed Collections

E CME Course

White Rice, Brown Rice, and Risk
of Type 2 Diabetes in US Men
and Women

Supplementary

Online Content Available for
Medical Home Capabilities of
Primary Care Practices That Serve
Sociodemographically Vulnerable
Neighborhoods

Call for Photographs

The Archives is seeking photographs to be included as
fillers in our journal. We believe that our readers may
be an excellent source of interesting and thoughtful pho-
tographs. If you would like us to consider your photog-
raphy for publication, we invite you to submit your pho-
tograph to our Web-based submission site under the
category Images From Our Readers at http://manuscripts
.archinternmed.com. Please upload photograph submis-
sions in .jpg or .tif format. Hard copy photographs are
not acceptable. For more information please e-mail
archinternmed@jama-archives.org.

(REPRINTED) ARCH INTERN MED/VOL 170 (NO. 11), JUNE 14, 2010

936

WWW.ARCHINTERNMED.COM

©2010 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 03/08/2022



17. Wright JT Jr, Bakris G, Greene T, et al; African American Study of Kidney Dis- 23. Finkielman JD, Schwartz GL, Chapman AB, Boerwinkle E, Turner ST. Lack of agree-
ease and Hypertension Study Group. Effect of blood pressure lowering and an- ment between office and ambulatory blood pressure responses to hydrochloro-
tihypertensive drug class on progression of hypertensive kidney disease: re- thiazide. Am J Hypertens. 2005;18(3):398-402.
sults from the AASK trial. JAMA. 2002;288(19):2421-2431. 24. Gorostidi M, Sobrino J, Segura J, et al; Spanish Society of Hypertension ABPM

18. Rubin DB. Multiple imputation after 18-+ years. J Am Stat Assoc. 1996;91(434): Registry investigators. Ambulatory blood pressure monitoring in hypertensive
473-489. patients with high cardiovascular risk: a cross-sectional analysis of a 20,000-

19. The Scientific Committee. Consensus document on non-invasive ambulatory blood patient database in Spain. J Hypertens. 2007;25(5):977-984.
pressure monitoring. J Hypertens Suppl. 1990;8(6):S135-5140. 25. Ernst ME. Nighttime blood pressure is the blood pressure. Pharmacotherapy.

20. Fagard RH, Staessen JA, Thijs L. Optimal definition of daytime and night-time 2009;29(1):3-6.
blood pressure. Blood Press Monit. 1997;2(6):315-321. 26. Verdecchia P, Angeli F, Sardone M, Borgioni C, Garofoli M, Reboldi G. Is the defi-

21. Pickering TG, White WB; American Society of Hypertension Writing Group. nition of daytime and nighttime blood pressure prognostically relevant? Blood
ASH Position Paper: Home and ambulatory blood pressure monitoring: when Press Monit. 2008;13(3):153-155.
and how to use self (home) and ambulatory blood pressure monitoring. J Clin 27. Carter BL, Clarke W, Ardery G, et al; Collaboration Among Pharmacists Physi-

22.

Hypertens (Greenwich). 2008;10(11):850-855.

Banegas JR, Segura J, Sobrino J, et al; Spanish Society of Hypertension Ambu-
latory Blood Pressure Monitoring Registry Investigators. Effectiveness of blood
pressure control outside the medical setting. Hypertension. 2007;49(1):62-68.

cians To Improve Outcomes Now (CAPTION) Trial Investigators. A cluster-
randomized effectiveness trial of a physician-pharmacist collaborative model to
improve blood pressure control. Circ Cardiovasc Qual Outcomes. 2010;3(4):
418-423.

Correction

Age Error and Typographical Errors. In the Original In-
vestigation titled “Prognostic Implications of the Uri-
nary Albumin to Creatinine Ratio in Veterans of Differ-
ent Ages With Diabetes” by O'Hare et al, published in
the June 14th issue of the Archives (2010;170[11]:930-
936) the age was misstated on page 933, left-hand col-
umn, first paragraph, in lines 6 and 17. The age should
have been “younger than 65 years” in both places. The
sentences should have read as follows: “Across age groups,
the proportion of all patients who met the criteria for CKD
(defined as an eGFR <60 mL/min/1.73 m? or an ACR
=30 mg/g) increased from 26.5% in those younger than
65 years to 56.4% in those aged 75 years and older (Fig-
ure 2).” “On the other hand, 44.6% of patients 75 years
or older who met the criteria for CKD did so because of
anisolated low eGFR (ie, ACR <30 mg/g) compared with
23.6% of patients younger than 65 years.”

On page 930, right-hand column, “Results” sec-
tion of the Abstract, the last sentence should have read
as follows: “In younger age groups, this association was
present at higher levels of eGFR but seemed to be at-
tenuated at lower levels.” On page 935, left-hand col-
umn, the last sentence of the complete paragraph should
have read as follows: “Collectively, these findings sug-
gest that the ACR may be a valuable tool for mortality
risk stratification in the elderly, particularly in the large
group with a moderate reduction in eGFR.”
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