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URRENT GUIDELINES CLASSIFY

chronic kidney disease (CKD)

into 5 stages, based chiefly on

estimated glomerular filtra-
tion rate (eGFR) (eTable 1, available at
http:/www jama.com).! Adoption of the
scheme has facilitated large-scale esti-
mates of CKD prevalence, led to mul-
tiple studies examining the relation be-
tween CKD severity and clinical
outcomes, and permitted a global effort
to educate physicians and the public
about the implications of CKD.? De-
spite these benefits, the guidelines have
been criticized because they do not in-
corporate information about the pres-
ence and severity of proteinuria, an im-
portant marker of CKD that is associated
with adverse outcomes.>”

Asmany as 26 million Americans have
CKD, of whom almost 50% (10.1 million)
have stage 1 or stage 2 CKD—in which
eGFR is normal or nearly normal and
CKD is defined by abnormal urinalysis
orrenal imaging studies. However, only
25% of Americans with proteinuria have
overtly reduced eGFR (<60 mI/min/1.73
m?),and asimilar proportion of those with
low eGFR have proteinuria.” Therefore,
low eGFR and proteinuria do notalways
coexist, suggesting that eGFR and pro-

See also Patient Page.

©2010 American Medical Association. All rights reserved.

Context The current staging system for chronic kidney disease is based primarily on
estimated glomerular filtration rate (eGFR) with lower eGFR associated with higher
risk of adverse outcomes. Although proteinuria is also associated with adverse out-
comes, it is not used to refine risk estimates of adverse events in this current system.

Objective To determine the association between reduced GFR, proteinuria, and ad-
verse clinical outcomes.

Design, Setting, and Participants Community-based cohort study with partici-
pants identified from a province-wide laboratory registry that includes eGFR and pro-
teinuria measurements from Alberta, Canada, between 2002 and 2007. There were
920985 adults who had at least 1 outpatient serum creatinine measurement and who
did not require renal replacement treatment at baseline. Proteinuria was assessed by
urine dipstick or albumin-creatinine ratio (ACR).

Main Outcome Measures All-cause mortality, myocardial infarction, and progres-
sion to kidney failure.

Results The majority of individuals (89.1%) had an eGFR of 60 mL/min/1.73 m? or
greater. Over median follow-up of 35 months (range, 0-59 months), 27 959 participants
(3.0%) died. The fully adjusted rate of all-cause mortality was higher in study participants
with lower eGFRs or heavier proteinuria. Adjusted mortality rates were more than 2-fold
higher among individuals with heavy proteinuria measured by urine dipstick and eGFR of
60 mL/min/1.73 m? or greater, as compared with those with eGFR of 45 to0 59.9 mL/min/
1.73 m? and normal protein excretion (rate, 7.2 [95% Cl, 6.6-7.8] vs 2.9 [95% Cl, 2.7-
3.0] per 1000 person-years, respectively; rate ratio, 2.5 [95% Cl, 2.3-2.7]). Similar results
were observed when proteinuria was measured by ACR (15.9 [95% Cl, 14.0-18.1] and
7.0 [95% Cl, 6.4-7.6] per 1000 person-years for heavy and absent proteinuria, respec-
tively; rate ratio, 2.3 [95% Cl, 2.0-2.6]) and for the outcomes of hospitalization with acute
myocardial infarction, end-stage renal disease, and doubling of serum creatinine level.

Conclusion The risks of mortality, myocardial infarction, and progression to kidney
failure associated with a given level of eGFR are independently increased in patients
with higher levels of proteinuria.

JAMA. 2010;303(5):423-429 www.jama.com

teinuria could be used together toiden- METHODS

tify individuals at high risk.

We studied a large cohort of individu-
als receiving routine clinical care in a
single Canadian province, in which all
residents are covered by government-
sponsored health insurance. We exam-
ined the association between reduced
eGFR, proteinuria, and adverse clinical
outcomes, including all-cause mortal-
ity, myocardial infarction, and progres-
sion to kidney failure. We hypothesized
that patients with both reduced eGFRand
proteinuria would be at higher risk of
these outcomes than participants with
one or neither characteristic.

The study population included all adults
18 years and older with at least 1 outpa-
tient serum creatinine measurement in
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the province of Alberta, Canada, be-
tween May 1, 2002, and December 31,
20006, for 7 of the 9 geographically based
provincial health regions, and between
July 1, 2003, and January 1, 2005, and
December 31, 2000, respectively, for the
other 2 regions. Patients were excluded
if they were treated with dialysis or a kid-
ney transplant at baseline or if the base-
line estimate of kidney function was clini-
cally implausible (serum creatinine
<0.28 mg/dL [multiply by 88.4 to get
pmol/L]). To be eligible for inclusion, pa-
tients also had to have had at least 1 out-
patient measure of proteinuria as de-
scribed in this section. This study was
facilitated by a previously described® pro-
vincial laboratory repository: the Al-
berta Kidney Disease Network (AKDN).

Measurement of Kidney Function,
Proteinuria, and Albuminuria

The eGFR for each patient was esti-
mated using the 4-variable Modifica-
tion of Diet in Renal Disease (MDRD)
Study equation.’ Although data on race
were not available, misclassification of
eGFR was expected to be minimal be-
cause less than 1% of the Alberta popu-
lation is black." Baseline kidney func-
tion (index eGFR) was estimated using
all outpatient serum creatinine mea-
surements taken within a 6-month pe-
riod of the first creatinine measure-
ment, with the index eGFR defined as
the mean of the measurements in this
6-month period. The date of the last se-
rum creatinine measurement in the
6-month period was used as the index
date for individuals with more than a
single measurement.® Index eGFR was
categorized as 60 mL/min/1.73 m* or
greater, 45 t0 59.9 mL/min/1.73 m?, 30
to 44.9 mIL/min/1.73 m?, and 15 to 29.9
mL/min/1.73 m? Because of inaccura-
cies in assessment of kidney function
using the MDRD Study equation at
higher levels of kidney function, and to
permit comparisons with related stud-
ies,'"! we categorized individuals with
higher levels of function into 1 cat-
egory (eGFR =60 mL/min/1.73 m?).
Proteinuria was captured by urine
dipstick as well as albumin-creatinine
ratio (ACR) based on outpatient ran-

424 JAMA, February 3, 2010—Vol 303, No. 5 (Reprinted)

dom spot urine measurements. In the
primary analysis, we included all pa-
tients with at least 1 urine dipstick mea-
surement and defined proteinuria as
normal (urine dipstick reading nega-
tive), mild (urine dipstick reading trace
or 1+), or heavy (urine dipstick read-
ing =2+)."* In sensitivity analyses, we
considered an alternate definition of
proteinuria based on ACR, defined as
normal (ACR <30 mg/g), mild (ACR
30-300 mg/g), or heavy (ACR >300
mg/g)."*

All outpatient urine dipstick and
ACR measurements in the 6-month pe-
riods before and after the index eGFR
were used to establish baseline protein-
uria and albuminuria. Analyses used
proteinuria or albuminuria as an ordi-
nal variable according to these 3 cat-
egories, with the median of all respec-
tive measurements selected for each
patient with multiple measurements.

Covariates

Demographic data were determined
from the administrative data files of the
provincial health ministry (Alberta
Health and Wellness). Aboriginal race/
ethnicity was determined from First Na-
tions status in the registry file; it was
not possible to identify other race/
ethnic groups, although more than 85%
of the Alberta population is white.'* So-
cioeconomic status was categorized as
high income (annual adjusted taxable
family income =CaD $39 250 [US
$37695]), low income (annual ad-
justed taxable family income <CaD
$39250), and low income with sub-
sidy (receiving social assistance) based
on government records.'? Diabetes
mellitus and hypertension were iden-
tified from hospital discharge records
and physician claims based on vali-
dated algorithms.'*"> Other comorbid
conditions were identified using vali-
dated International Classification of Dis-
eases, Ninth Revision, Clinical Modifi-
cation, and International Statistical
Classification of Diseases, Tenth Revi-
sion (ICD-10), coding algorithms ap-
plied to physician claims and hospital-
ization data.'® The presence of 1 or more
diagnostic code in any position up to

3 years prior to cohort entry was used
for identification of comorbidities.

Ascertainment of Outcomes

Patients were followed up from their in-
dex date until study end (March 31,
2007). The primary outcome of inter-
est was all-cause mortality, as identified
from the Alberta Health and Wellness
Registry file. Secondary outcomes were
first hospitalization for acute myocar-
dial infarction'”; occurrence of end-
stage renal disease, defined as the date
of registration for chronic dialysis or re-
nal transplantation'®; and the occur-
rence of an outpatient serum creatinine
measurement that was twice as high as
the first creatinine measurement dur-
ing the study period (corresponding to
a 50% decline in kidney function), as-
sessed at the end of follow-up.

Statistical Analyses

Poisson regression was used to evaluate
the association between the renal risk fac-
tors and each of the outcomes of inter-
est, with output expressed as the rate per
1000 person-years. If the Poisson as-
sumption that variance equals the mean
was not met, a negative binomial model
was used. We first calculated age-
adjusted rates for each of the outcomes
(all-cause mortality, hospitalization for
myocardial infarction, end-stage renal
disease, and doubling of serum creati-
nine) by level of eGFR and proteinuria,
considering urine dipstick reading and
ACR separately to classify proteinuria.
We then calculated fully adjusted event
rates for each of the outcomes, adjust-
ing for the sociodemographic variables
and comorbidities listed in TABLE 1.
Two-way interactions between eGFR and
proteinuria were assessed for all 4 clini-
cal outcomes.

The primary analysis was based on the
cohort of participants who had data for
proteinuria available from dipstick uri-
nalysis. This analysis had greater than
99% statistical power (for a=.05) to de-
tect a 10% increase in the likelihood of
death among (1) individuals with eGFR
of 60 mIL/min/1.73 m? or greater com-
pared with those with eGFR of 15 t0 29.9
ml/min/1.73 m? and (2) individuals with

©2010 American Medical Association. All rights reserved.
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heavy proteinuria compared with those
with no proteinuria. In sensitivity analy-
ses, we repeated statistical models for the
subset of participants who had data for
proteinuria based on urinary ACRs. We
repeated analyses examining the rela-
tion between proteinuria and adverse
outcomes in 2 subgroups of clinical in-
terest: those with eGFR 45 to 59.9 mL/
min/1.73 m? (who account for the large
majority of people with CKD) and those
with “mildly reduced eGFR” as defined
by current guidelines (eGFR 60-89.9 mL/
min/1.73 m?).

PROTEINURIA AND GLOMERULAR FILTRATION RATE

We performed sensitivity analyses in
strata defined by participant age (=65
and <65 years). In all analyses, we per-
formed tests for linear trend across cat-
egories of proteinuria and eGFR. The
variables used to calculate the tests for
trend in eGFR and ACR were defined by
the median values of these parameters in
each category. The variable used to cal-
culate the test for trend in dipstick-
measured proteinuria was defined by val-
ues of 1, 2, and 3 for normal, mild, and
heavy proteinuria, respectively.?® Fi-
nally, we repeated the analysis using

eGFR and ACR as continuous vari-
ables, with ACR log-transformed be-
cause of its skewed distribution. Statis-
tical analyses were performed using SAS
version 9.2 (SAS Institute Inc, Cary,
North Carolina) and Stata version 10.1
(StataCorp, College Station, Texas). A P
value of <.05 was used to indicate sta-
tistical significance without adjustment
for multiple comparisons. The institu-
tional review boards of the University of
Calgary and University of Alberta ap-
proved the study and granted waiver of
patient consent.

]
Table 1. Demographic and Clinical Characteristics of Participants by Level of Kidney Function or Proteinuria®

Primary Analysis, %

Sensitivity Analysis, %

(N =920985) (n=102701)
[
eGFR, mL/min/1.73 m2P Proteinuria Measured by Dipstick Proteinuria Measured by ACR
[ 11 11 1
=60 45-59.9 30-44.9 15-29.9 None Mild Heavy None Mild Heavy
(n=820571) (n=79845) (n=16713) (n=3856) (n=836550) (n=71557) (n=12878) (n=77280) (n=20217) (n=5204)
Age, mean (SD), y 46.4 (15.4) 65.8(14.00 75.1(122) 74.7(13.9 48.4(16.3) 50.8(19.7) 55.4(20.3) 55.8(14.7) 60.5(15.5) 60.1(15.8)
Female sex 55 64 65 61 56 52 44 46 45 40
Aboriginal 2 1 1 2 2 4 4 3 4 6
Diabetes 6 13 25 36 6 14 31 49 67 74
Hypertension 18 49 76 82 21 32 50 46 60 69
Cerebrovascular 2 6 12 15 2 4 8 3 6 8
disease
Peripheral vascular 1 4 9 14 1 3 6 2 5 8
disease
CHF 1 7 20 33 2 5 1Al 4 8 14
Cancer 4 8 13 16 4 7 10 5 7 7
COPD 13 18 25 30 13 18 21 15 19 22
Dementia 1 3 8 ihl 1 3 4 1 2 2
Diabetes-C 0 1 5 11 0 1 6 2 6 14
Diabetes-NC 3 7 15 26 3 7 18 21 32 43
AIDS/HIV 0 0 0 0 0 0 0 0 0 0
Metastatic solid 0 1 2 3 0 1 2 0 1 1
tumor
Myocardial 1 5 12 18 2 4 8 4 7 10
infarction
Mild liver disease 1 1 2 2 1 2 2 1 2 2
Moderate/severe 0 0 0 1 0 0 0 0
liver disease
Paralysis 0 1 2 0 1 0 1 1
Peptic ulcer disease 2 3 5 7 2 3 4 3 3 4
Renal disease 0 3 18 52 1 3 14 2 5 16
Rheumatic disease 1 2 4 5 1 2 3 1 2 2
Socioeconomic
status®
Low 16 38 60 60 18 25 33 24 34 36
Low with 2 2 2 3 2 4 4 3 3 5
subsidy

Abbreviations: ACR, albumin-creatinine ratio; CHF, congestive heart failure; COPD, chronic obstructive puimonary disease; diabetes-C, diabetes with end organ damage; diabetes-NC,
diabetes without end organ damage; eGFR, estimated glomerular filtration rate; HIV, human immunodeficiency virus.

8Totals do not always add to 100 because of rounding.
Among patients with proteinuria measured by dipstick.

CSocioeconomic status was categorized as high (annual adjusted taxable family income =CaD $39 250 [US $37 695]), low (annual adjusted taxable family income <CaD $39 250), and
low with subsidy (receiving social assistance) based on Government of Alberta health care insurance records.'®

©2010 American Medical Association. All rights reserved.
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RESULTS

A total of 1 530 447 participants had at
least 1 outpatient serum creatinine mea-
surement during the study period. We
excluded 2345 people with end-stage
renal disease prior to cohort entry and
1383 with index eGFR of less than 15
mL/min/1.73 m* An additional 282 in-
dividuals were excluded because they
either died or reached end of fol-
low-up on their index date. Of the
1526437 participants, 920 985 (60.3%)
had at least 1 urine dipstick measure-
ment and 102 701 (6.7%) had at least
1 ACR measurement. Characteristics of
the participants by level of eGFR and
proteinuria are shown in Table 1. The
majority of individuals (89.1%) in the
primary analysis with proteinuria mea-
sured by urine dipstick had an eGFR
of 60 mL/min/1.73 m? or greater.

A total of 102 701 participants had
at least 1 urinary ACR measurement
performed; individuals in this subset
were older (mean [SD] age, 57.0 [15.0]

years vs 48.0 [16.6] years) and more
likely to be male (54.5% vs 43.4%) or
diabetic (54.1% vs 3.4%) and had a
higher mean (SD) Charlson score (0.94
[1.6] vs 0.43 [1.1]) than those with-
out such measurements (all P<<.001;
X’ testand t test for categorical and con-
tinuous variables, respectively). A
higher proportion of participants in this
subset had mild (19.7% vs 7.3%) or
heavy proteinuria (5.1% vs 1.1%) than
in those without measurements of uri-
nary ACR (both P<<.001, x* test).

Age-Adjusted Likelihood of Clinical
Outcomes by Level of eGFR

and Proteinuria

During median follow-up of 35 months
(range, 0-59 months), 27 959 partici-
pants (3.0%) died, 5772 (0.6%) were
hospitalized for myocardial infarc-
tion, 771 (0.08%) initiated renal
replacement therapy, and 2514 (0.4%)
experienced a doubling of serum cre-
atinine. The age-adjusted rates of these

outcomes were all increased at lower
levels of eGFR and at heavier protein-
uria (eTable 2 and eTable 3).

Adjusted Likelihood of Clinical
Outcomes by Level of eGFR
and Proteinuria

Within each stratum of eGFR, there was
substantial variability in risk with par-
ticipants who had heavier proteinuria
having markedly increased adjusted
rates of all 4 adverse outcomes
(TABLE 2; eFigure 1, available at http:
//www .jama.com). The adjusted mor-
tality risk was more than 2-fold higher
among individuals with heavy protein-
uria and eGFR of 60 mL/min/1.73 m?
or greater as compared with those with
eGFR of 45 t0 59.9 ml/min/1.73 m*and
normal protein excretion (rate ratio,
2.5;95% confidence interval [CI], 2.3-
2.7). Significant interactions between
eGFR and proteinuria were observed for
death, initiation of renal replacement,
and doubling of serum creatinine—

- _______________________________________________________________________________________________]
Table 2. Adjusted Rates Per 1000 Person-Years of Clinical Outcomes by Level of eGFR and Proteinuria Measured by Dipstick?

Proteinuria

T
All-Cause Mortality®

Myocardial Infarction?

End-stage Renal Disease®

1
Doubling of Serum Creatinine®

[
Normal

1T
Normal

1T
Heavy Normal

17
Heavy Normal

Mild Heavy Mild Mild Mild Heavy
eGFR =609
Events,No. 12157 3191 722 3171 474 103 62 11 35 739 223 146
Patients, No. 754158 58400 8013 754158 58400 8013 754158 58400 8013 487335 39835 5867
Rate (95% Cl) 2.7 58 7.2 0.9 1.3 1.6 0.03 0.05 1.0 06 1.6 59
(2.6-2.8) (656.0) (6.6-7.8) (0.9-1.0) (1.2-1.5) (1.3-2.0) (0.02-0.03) (0.03-0.09) (0.7-1.4) (0.5-0.6) (1.4-1.9) (5.0-7.0)
eGFR 45-59.94
Events, No. 4513 1598 514 1011 200 73 27 19 39 269 106 144
Patients, No. 68768 8783 2204 68768 8783 2294 63768 8783 2204 58562 7635 2011
Rate (95% Cl) 2.9 5.2 7.2 1.2 1.3 1.8 0.2 0.7 43 0.9 2.1 10.0
2.7-30) (4.9-55 (6.5-7.8) (1.1-1.2) (1.1-1.5) (1.4-23) (0.1-02) (05120 (3.1-6.1) (0.8-1.0) (1.7-25) (8.3-11.9)
eGFR 30-44.94
Events, No. 2162 1059 511 359 116 73 36 40 103 178 133 177
Patients, No. 11823 3296 1594 11823 3296 1594 11823 3296 1594 10926 3004 1462
Rate (95% Cl) 4.0 5.8 7.5 1.4 1.5 2.1 1.3 4.2 16.1 2.0 47 12.8
@.7-42) (6.4-6.2) (6.8-82) (1.3-1.6) (1.2-1.8) (1.6-2.7) (0.9-1.8) (3.0-6.0) (12.5-20.7) (1.7-2.4) (3.9-5.7) (10.7-15.3)
eGFR 15-29.94
Events, No. 644 481 407 84 49 59 61 81 257 73 94 232
Patients, No. 1801 1078 977 1801 1078 977 1801 1078 977 1685 997 912
Rate (95% Cl) 6.7 9.1 10.4 2.1 2.2 3.3 12.7 25.2 65.9 45 10.5 24.7
6.2-7.3) (8.2-10.0) (9.3-11.6) (1.6-2.6) (1.6-2.9) (2.5-4.3) (9.3-17.3) (18.9-33.4) (52.3-82.9) (3.5-5.9) (8.3-13.3) (20.7-29.6)

Abbreviations: Cl, confidence interval; eGFR, estimated glomerular filtration rate; HIV, human immunodeficiency virus.

2Adjusted for age; sex; diabetes; hypertension; socioeconomic status; and history of cancer, cerebrovascular disease, congestive heart failure, chronic obstructive pulmonary disease,
dementia, diabetes with end organ damage, diabetes without chronic complication, AIDS/HIV, metastatic solid tumor, myocardial infarction, mild liver disease, moderate or severe liver
disease, paralysis, peptic ulcer disease, peripheral vascular disease, renal disease, and rheumatic disease. In this analysis, dipstick urinalysis was used to classify participants with
respect to proteinuria: normal (urine dipstick negative), mild (urine dipstick trace or 1+), or heavy (urine dipstick =2+).

n=920985 for all-cause mortality, myocardial infarction, and end-stage renal disease.
€n=620231 for doubling of serum creatinine at end of follow-up.
dUnit of measure for €GFR is mL/min/1.73 m?. The tests for linear trend across eGFR categories and across proteinuria categories were all significant at the P<.001 level.
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such that the additional risk of heavier
proteinuria was reduced at lower eGFR
(all P for interaction statistically sig-
nificant at <.001)—but not for myo-
cardial infarction (P for interaction,
.08). However, the difference in risk as-
sociated with moderate or heavy pro-
teinuria (as compared with those with-
out proteinuria) appeared clinically
relevant within every eGFR stratum and
for all 4 clinical outcomes.

Sensitivity Analyses

Results were consistent when analyses
were restricted to the subset of 102 701
participants who had urinary ACR
measurements performed (TABLE 3;
eFigure 2). Specifically, risk increased
progressively at levels of eGFR below 60
ml/min/1.73 m” and with mild or heavy
proteinuria within all eGFR strata—for
all 4 clinical outcomes (adjusted rate ra-
tio for mortality, 2.3 [95% CI, 2.0-2.6]
for individuals with heavy proteinuria
and eGFR of 60 mL/min/1.73 m? or
greater as compared with those with

PROTEINURIA AND GLOMERULAR FILTRATION RATE

eGFR of 45 t0 59.9 mL/min/1.73 m? and
normal protein excretion). Next we re-
peated analyses using a more conserva-
tive definition of heavy proteinuria (ACR
>2000 mg/g). Compared with those
without significant proteinuria, partici-
pants with ACRs greater than 2000 mg/g
had markedly elevated rates of adverse
outcomes. For example, among partici-
pants with eGFRs of 45 to 59.9 mL/min/
1.73 m?, those with heavy proteinuria by
this definition had adjusted rates of 21.5
(95% C1,15.5-29.9), 11.2 (95% CI, 6.4-
19.8),and 27.9 (95% CI, 17.6-44.2) per
1000 person-years, respectively, for
mortality, myocardial infarction, and ini-
tiation of renal placement therapy, as
compared with rates of 7.0 (95% CI, 6.3-
7.6),3.7(95% CI, 3.2-4.3), and 0.3 (95%
CI,0.2-0.6), respectively, for those with-
out proteinuria.

Because current guidelines for the
classification of CKD describe eGFR
between 60 and 90 mL/min/1.73 m? as
“mildly reduced,” we examined the
prognostic value of proteinuria within

this category specifically. Among the
597 870 participants, a graded increase
in the adjusted rate of all-cause mor-
tality was seen with rates of 2.2 (95%
CI,2.1-2.3),4.3 (95% CI, 4.1-4.6), and
5.1(95% CI,4.7-5.6) per 1000 person-
years among participants with no, mild,
or heavy proteinuria, respectively (P for
trend <.001). Similar findings were seen
for the outcomes of myocardial infarc-
tion (rates, 1.0 [95% CI, 0.9-1.0], 1.4
[95% CI,1.2-1.5],and 1.6 [95% CI, 1.2-
1.9]; P for trend <.001), initiation of
renal replacement therapy (rates, 0.02
[95% CI, 0.02-0.03], 0.04 [95% CI,
0.02-0.09], and 0.8 [95% CI, 0.5-1.3];
Pfor trend <.001), or doubling of serum
creatinine (rates, 0.3 [95% CI, 0.3-
0.4], 0.9 [95% CI, 0.7-1.1], and 2.8
[95% CI, 2.2-3.6]; P for trend <.001).

Because there has been controversy
about whether the prognostic implica-
tions of CKD vary in younger and older
populations, we repeated analyses strati-
fying on age. All findings were similar
among participants who were 65 years

- _______________________________________________________________________________________________]
Table 3. Adjusted Rates Per 1000 Person-Years of Clinical Outcomes by Level of eGFR and Proteinuria Measured by Albumin-Creatinine Ratio?

Proteinuria

T
All-Cause Mortality?

Myocardial InfarctionP

End-stage Renal Disease®

1
Doubling of Serum Creatinine®

]
Heavy  Normal

1
Heavy  Normal

11 1
Heavy

Normal Mild Mild Mild Normal Mild Heavy
eGFR =609
Events, No. 1611 809 268 619 249 77 13 30 137 104 111
Patients, No. 64146 14597 2805 64146 14597 2805 64146 14597 2805 51249 12672 2539
Rate (95% Cl) 6.3 9.9 15.9 3.0 42 6.4 0.06 0.09 2.45 1.0 28 13.4
6.0-6.7) (9.2-10.8) (14.0-18.1) (2.8-3.3) (3.7-4.8) (5.1-8.1) (0.03-0.10) (0.04-0.23) (1.70-3.59) (0.9-1.2) (2.3-3.4) (11.0-16.4)
eGFR 45-59.94
Events, No. 643 490 206 211 138 52 9 4 49 58 110
Patients, No. 10316 3520 1126 10316 3520 1126 10316 3520 1126 9547 3298 1067
Rate (95% Cl) 7.0 11.9 18.0 37 59 7.3 0.3 09 8.3 1.6 48 25.0
(6.4-7.6) (10.7-13.2) (15.6-20.9) (3.2-4.3) (4.9-72) (5.5-9.7) (0.17-0.64) (0.49-1.82) (5.9-11.9) (1.2-2.1) (3.6-6.2) (20.2-30.5)
eGFR 30-44.99
Events, No. 336 339 213 91 80 49 10 7 37 42 120
Patients, No. 2474 1624 837 2474 1624 837 2474 1624 837 2360 1549 800
Rate (95% Cl)  10.0 14.1 18.9 53 6.7 8.4 1.7 4.8 27.3 4.1 6.6 33.4

8.9-11.3) (12.4-15.9) (16.2-21.9) (4.3-6.6) (5.2-8.6) (6.2-11.3) (0.8-32) (3.1-7.5) (20.9-35.8) (2.9-5.7) (4.8-9.1) (27.1-41.2)
eGFR 15-29.94
Events, No. 91 166 154 13 28 27 8 128 9 27 108
Patients, No. 344 476 436 344 476 436 344 476 436 333 452 422
Rate (95% Cl)  16.3 22.0 24.6 5.1 8.6 9.7 9.0 27.6 97.3 6.2 13.8 51.8
(13.0-20.5) (18.5-26.0) (20.5-29.6) (2.9-9.0) (5.7-12.8) (6.4-14.6) (4.4-18.5) (18.7-40.4) (75-127) (3.2-12.0) (9.2-20.7) (40.8-66.5)

Abbreviations: Cl, confidence interval; eGFR, estimated glomerular filtration rate; HIV, human immunodeficiency virus.

2Adjusted for age; sex; diabetes; hypertension; socioeconomic status; and history of cancer, cerebrovascular disease, congestive heart failure, chronic obstructive pulmonary disease,
dementia, diabetes with end organ damage, diabetes without chronic complication, AIDS/HIV, metastatic solid tumor, myocardial infarction, mild liver disease, moderate or severe liver
disease, paralysis, peptic ulcer disease, peripheral vascular disease, renal disease, and rheumatic disease. In this analysis, only urinary albumin-creatinine ratio (ACR) was used to
classify participants with respect to proteinuria: normal (ACR <30 mg/g), mild (ACR 30-300 mg/g), or heavy (ACR >300 mg/g).

Pn=102701 for all-cause mortality, myocardial infarction, and end-stage renal disease.

Cn=86288 for doubling of serum creatinine at end of follow-up.

dUnit of measure for €GFR is mL/min/1.73 m?. The tests for linear trend across eGFR categories and across proteinuria categories were all significant at the P<.001 level.
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and older as compared with those who
were younger. Specifically, the risk of
all 4 clinical outcomes increased sig-
nificantly in both age strata with de-
clining eGFR (all P for trend <.001),
as well as with heavier proteinuria (all
P for trend <.001).

Finally, results with eGFR and ACR
as continuous variables were consistent
with categorical analyses. The increase
in adjusted rate per 10-mL/min/1.73 m?
decrease in eGFR was most pro-
nounced for the outcome end-stage re-
nal disease, followed by doubling of se-
rum creatinine, myocardial infarction,
and all-cause mortality (increase in rates,
2.17[95% C1,2.02-2.34],1.15 [95% CI,
1.10-1.19],1.09 [95% CI,1.05-1.12],and
1.04 [95% CI, 1.03-1.06], respec-
tively). Similar findings were seen per 10-
fold increase in ACR with an increase in
adjusted rates of 1.92 (95% CI, 1.81-
2.04), 1.76 (95% CI, 1.70-1.82), 1.18
(95% CI,1.14-1.21), and 1.22 (95% CI,
1.21-1.24), respectively, for initiation of
renal replacement therapy, doubling of
serum creatinine, myocardial infarc-
tion, and all-cause mortality.

COMMENT

In this large, community-based cohort
of all adults undergoing laboratory test-
ing in a single Canadian province, we
demonstrated that prognosis associated
with a given level of eGFR varies sub-
stantially based on the presence and
severity of proteinuria. In fact, patients
with heavy proteinuria but without
overtly abnormal eGFR appeared to have
worse clinical outcomes than those with
moderately reduced eGFR but without
proteinuria. Results were consistent for
2 different measures of proteinuria; con-
sistent for several clinically relevant out-
comes, including all-cause mortality,
myocardial infarction, and the need for
renal replacement; and robust to multi-
variable adjustment and a variety of sen-
sitivity analyses.

These findings are important be-
cause current guidelines for the classi-
fication and staging of CKD are based
on eGFR without explicit consider-
ation of the severity of concomitant pro-
teinuria.! In addition, computerized re-
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porting of eGFR (generally without
consideration of proteinuria) is increas-
ingly used to assist physicians in iden-
tifying patients at high risk of adverse
outcomes—or those who might ben-
efit from specialist care.** Although our
findings do not directly address which
patients would benefit from referral to
anephrologist, they do suggest that risk
stratification performed in terms of
eGFR alone is relatively insensitive to
clinically relevant gradients in risk.

Staging systems for the classifica-
tion of disease are often used to group
affected persons into categories that are
associated with similar prognoses, gen-
erally in a fashion that assigns people
with worse prognoses to more ad-
vanced stages.”” Although the intro-
duction of the NKF-K/DOQI (Na-
tional Kidney Foundation/Dialysis
Outcomes Quality Initiative) scheme for
classification of CKD represented a ma-
jor advance for researchers and clini-
cians, our findings suggest that this
scheme does not meet these 2 criteria.
For example, the age-adjusted rates of
all-cause mortality and kidney failure
appear to vary up to 4- and 50-fold (de-
pending on the severity of protein-
uria) within a given stage as defined by
the current scheme. Similarly, a pa-
tient with an eGFR of 80 mIL/min/1.73
m?*and 3+ proteinuria on dipstick read-
ing (or ACR of 400 mg/g) would be as-
signed to stage 1 CKD under the cur-
rent system—even though his or her
age-adjusted risks of death and the need
for renal replacement therapy would be
approximately 2 and 10 times higher,
respectively, than an otherwise simi-
lar patient with an eGFR of 50 mL/min/
1.73 m? but no evidence of protein-
uria (stage 3 disease).

This latter finding is particularly
striking given the high prevalence of
stage 3 CKD (defined by eGFRs of 30-
59.9 mL/min/1.73 m? with or without
proteinuria) in our study, which ac-
counts for the large majority of North
American individuals with CKD.® An
additional finding of our analysis is that
the risk is heterogeneous within this
stage, even when it is defined by eGFR
alone. As previously reported, the risk

of all-cause mortality in our study was
markedly higher among participants
with eGFRs of 30 to 44.9 mL/min/
1.73 m? than among those with eGFRs
of 45 to 59.9 mL/min/1.73 m*."! Our
data extend this finding to other ad-
verse outcomes, including myocardial
infarction and progression to kidney
failure. The heterogeneity of risk among
the large number of people currently
classified as having stage 3 CKD (even
when stratified by proteinuria) sug-
gest that consideration should be given
to subdividing this stage as done in our
analysis, as well as by proteinuria. Fo-
cusing clinical attention on people at
highest risk (as defined by the inter-
section of eGFR and proteinuria) may
prove to be a more cost-effective ap-
proach to preventing the complica-
tions of CKD, although further work is
required to confirm this hypothesis.

Although other equations® and se-
rum markers?* are available for esti-
mating GFR, we used the MDRD Study
equation because it is the most widely
used at present. Current practice in
Western countries emphasizes the use
of ACR rather than dipstick urinalysis
in the assessment of CKD.! Although
dipstick urinalysis has less favorable di-
agnostic properties than ACR for the as-
sessment of proteinuria,” it is also con-
siderably less expensive. Our results
suggest that dipstick urinalysis adds
considerable prognostic information to
that associated with eGFR alone—
and the magnitude of excess risk ob-
served with heavy proteinuria ap-
peared similar whether assessed by
dipstick or by ACR. Because the ma-
jority of people with CKD worldwide
live in low- or middle-income na-
tions,?® our data support the further
study of dipstick urinalysis as a valid
alternative to ACR for risk stratifica-
tion in resource-limited settings.

Our study has limitations due to its
observational nature. First, the cohort
was limited to individuals who had an
outpatient serum creatinine measure-
ment and a measure of urinary pro-
tein performed as part of routine care—
and therefore does not include
individuals who did not use medical
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services. However, since we studied
nearly 1 million individuals, and con-
sidering the universal nature of health
care coverage in Alberta, this limita-
tion is unlikely to invalidate our find-
ing that proteinuria adds substantial
prognostic value to that associated with
eGFR alone. Second, proteinuria and
albuminuria may have been misclassi-
fied because of the known variability
of these measurements based on a
single measurement.'> However, we at-
tempted to reduce this misclassifica-
tion by using all urine measurements
in a 6-month period before and after the
index eGFR. In addition, results were
robust to use of 2 different measures of
proteinuria and were consistent for
multiple clinically relevant outcomes.

Third, we assessed the incidence of
doubling of serum creatinine during fol-
low-up, which may have included some
participants with acute renal failure as
well as those with progression of CKD.
However, since we excluded inpatient
measurements of serum creatinine, and
given that the prevalence of acute re-
nal failure in the community is less than
1%,*" this likely accounted for the mi-
nority of such events—although this de-
gree of kidney function loss is clini-
cally relevant whether due to acute or
chronic disease.?® Fourth, the fol-
low-up in our study was relatively short
to assess progression to kidney fail-
ure, especially for people with higher
levels of baseline eGFR, although this
is unlikely to have threatened the va-
lidity of our conclusions. Finally, we did
not have information on characteris-
tics such as use of alcohol, tobacco, and
antihypertensive medications, which
may have resulted in residual confound-
ing. However, given the magnitude of
the effect sizes observed in our study,
itis unlikely that further adjustment for
these covariates would negate the ob-
served associations.

In conclusion, we found that the risks
of death, myocardial infarction, and pro-
gression to kidney failure ata given level
of eGFR were independently increased
in individuals with higher levels of
proteinuria. These findings suggest that
future revisions of the classification
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system for CKD should incorporate in-
formation from proteinuria.
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