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Abstract
Background The four-variable kidney failure risk equation (KFRE) is a well-validated tool for patients with GFR
,60 ml/min per 1.73 m2 and incorporates age, sex, GFR, and urine albumin-creatinine ratio (ACR) to forecast
individual risk of kidney failure. Implementing the KFRE in electronic medical records is challenging, however,
due to lowACR testing in clinical practice. The aim of this studywas to determine, whenACR ismissing, whether
to impute ACR from protein-to-creatinine ratio (PCR) or dipstick protein for use in the four-variable KFRE, or to
use the three-variable KFRE, which does not require ACR.

MethodsUsing electronic health records fromOptumLabs DataWarehouse, patients with eGFR,60 ml/min per
1.73 m2 were categorized on the basis of the availability of ACR testing within the previous 3 years. For patients
missing ACR, we extracted urine PCR and dipstick protein results, comparing the discrimination of the three-
variable KFRE (age, sex, GFR) with the four-variable KFRE estimated using imputed ACR from PCR and dipstick
protein levels.

Results There were 976,299 patients in 39 health care organizations; 59%were women, the mean age was 72 years,
and mean eGFR was 47 ml/min per 1.73 m2. The proportion with ACR testing was 19% within the previous
3 years. An additional 2% had an available PCR and 36% had a dipstick protein; the remaining 43%had no form of
albuminuria testing. The four-variable KFRE had significantly better discrimination than the three-variable KFRE
among patients with ACR testing, PCR testing, and urine dipstick protein levels, even with imputed ACR for the
latter two groups. Calibration of the four-variable KFRE was acceptable in each group, but the three-variable
equation showed systematic bias in the groups that lacked ACR or PCR testing.

Conclusions Implementation of the KFRE in electronic medical records should incorporate ACR, even if only
imputed from PCR or urine dipstick protein levels.
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Introduction
The kidney failure risk equation (KFRE) is a widely
validated tool for estimating the absolute risk of kidney
failure over 2- and 5-year time horizons in patients
with GFR ,60 ml/min per 1.73 m2. The four-variable
KFRE incorporates age, sex, GFR, and albuminuria as
assessed by the urine albumin-creatinine ratio (ACR)
(1–4). These estimates of kidney failure can help guide
clinical actions, such as referral for nephrology or
vascular access (5–7). Indeed, several health systems
are working to implement automatic reporting of the
four-variable KFRE in electronic health records (EHR).

Unfortunately, the inputs necessary for the four-
variable KFRE are not always present in the EHR.
eGFR is commonly assessed and usually available,

along with age and sex, but albuminuria is often
not. In a study from the Cleveland Clinic, 36% of
patients with eGFR 30–59 ml/min per 1.73 m2 did
not have any measurement of albuminuria within
a year after CKD was confirmed (8). In addition, the
type of albuminuria testing can vary, with urine
protein-creatinine ratio (PCR), and urine dipstick
protein level assessment frequently used to assess
albuminuria instead of ACR. We recently developed
equations to convert PCR and urine dipstick to ACR,
providing a tool to screen for and stage CKD in the
absence of ACRmeasurements (9). However, how best
to estimate kidney failure risk in the setting of missing
data inputs and different measures of albuminuria
is uncertain (4).
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Using a database of health information on more than 120
million patients, the major objectives of this study were
two-fold. First, we aimed to obtain a “real-world” assess-
ment of frequency and type of albuminuria testing available
to health care organizations (HCOs) in the clinical care of
patients with eGFR ,60 ml/min per 1.73 m2. Second, we
aimed to evaluate strategies of kidney failure risk estimation
in patients missing ACR, comparing the four-variable KFRE
with imputed ACR to the three-variable KFRE that does not
require ACRmeasures, and different “look-back” periods in
which to capture albuminuria measures.

Materials and Methods
Study Population
This study used deidentified data fromEHRs fromOptum-

Labs Data Warehouse (OLDW). The database contains
longitudinal health information on patients, representing
a diverse mixture of ages, ethnicities, and geographic
regions across the United States. The EHR-derived data
include a subset of EHR-derived data that has been nor-
malized and standardized into a single database (10). For
the purposes of this study, we selected data from all HCOs
meeting our inclusion criteria in the EHR-derived data. The
index date was considered the first date in 2013 on which
eGFR was ,60 ml/min per 1.73 m2, and patients were
followed until 5 years after the index date. At the patient
level, all patients with eGFR ,60 ml/min per 1.73 m2

measured in the outpatient setting in 2013 were included.
Each HCO had to have at least 50 ESKD events after 2013 in
the group with an available ACR test; with these criteria, 39
HCOswere included (N5976,299) (Supplemental Appendix
1). In a sensitivity analysis, each person had to have a con-
firmed eGFR ,60 ml/min per 1.73 m2 with at least one
preceding eGFR ,60 ml/min per 1.73 m2 between 90 and
730 days before the index date, to identify a population with
potentially higher rates of albuminuria testing. eGFR was
calculated using serum creatinine and the CKD Epidemiol-
ogy creatinine equation (11). Specific information on stan-
dardization of assays for serum creatinine was not available,
but standardization was routine in laboratories by 2011,
before the beginning of the study period (12).

Clinical Variables and Outcomes
Demographic and clinical covariates were determined

using the EHR and defined as present on or before the
index date. Demographic covariates included age and sex,
and clinical variables included diabetes mellitus and hyper-
tension as defined by International Classification of Diseases
ninth revision (ICD-9) clinical modification and ICD-10
codes (hypertension codes 403, I13 and diabetes mellitus
codes 2503, E10, E11, and E13). The absence of an encounter
was considered the absence of disease; as such, there were
no missing values for comorbidities defined by encounters.
All laboratory values for ACR, PCR, and urine dipstick
protein levels measurement were abstracted within 3 years
of the index date.
ESKD was defined as having a current procedural termi-

nology code (90,919–90,999) or health care common pro-
cedure coding system code (G0308–G0327, G0257, Q4081)
or ICD-9 and ICD-10 code (39.95, 5A1D, 54.98, 3E1M39Z,
V45.1, Z91.15, Z99.2, V56, Z49, 585.6, N18.5, N18.6, V42.0,

Z94.0, T86.1, 55.69, 585.5, 0TY, 996.81) occurring within 2 or
5 years after the index date in 2013. These ICD codes include
kidney transplant, stage 5 CKD, or ESKD. Also included
were procedure codes for dialysis, provided there were at
least two codes separated by at least 1 month andwithin a 3-
month period. Previous studies have suggested this method
is both sensitive (95%) and specific (100%) (13).

Statistical Analyses
Patient characteristics were evaluated within each OLDW

HCO. We evaluated the availability of ACR tests on or
before the index date in the previous 1, 2, and 3 years.
We categorized patients on the basis of the presence or
absence of albuminuria testing within each time period,
using the guideline-recommended hierarchy of testing
(14,15). Group 1 was defined as those patients with an
available ACR test; group 2 included patients who had no
available ACR but a PCR test; group 3 included patients
with no available ACR or PCR but who had a urine dipstick
protein level measurement; and group 4 had no ACR, PCR,
or urine dipstick protein level measurement. Patient char-
acteristics across these groups were examined, with age
described as mean (SD) on the index date in 2013 and
sex, diabetes, and hypertension summarized as proportions.
Urine ACR and PCR were summarized using median and
interquartile range because of skewed distributions. ESKD
incidence was calculated within each center as the number
of events over person-time at risk, with time at risk accruing
from the index date until ESKD event, last active date,
defined as the last encounter date in the EHR (defined by
OptumLabs), or death.
We considered the groups formed on the availability of

albuminuria testing in the 3 years before the index date as
our primary analysis. We used the KFRE to estimate 5-year
risk of ESKD and determined discrimination using
C-statistics (3). For groups 1, 2, and 3, we compared the
three-variable KFRE (which incorporates age, sex, and
eGFR) with the four-variable KFRE (which incorporates
age, sex, eGFR, and ACR), calculating the difference in
C-statistic within each HCO and then meta-analyzing using
random effects meta-analysis. Because ACR was not avail-
able in group 2 and group 3, we used the PCR and urine
dipstick protein levels to estimate ACR using the following
equations: for PCR (exp [5.256210.24453 log (min [PCR/
50, 1])11.55313 log (max [min (PCR/500, 1) 0.1])11.10573
log (max [PCR/500, 1])–0.07933 (if female) 10.08023 (if
diabetic) 10.13393 (if hypertensive)]), and for urine dip-
stick protein (exp [1.991110.73703 (if trace)11.69363 (if1)
13.27833 (if11)14.57323 (if.11)10.09073 (if female)
10.27893 (if diabetic) 10.33073 (if hypertensive)]) (9). For
group 4, we reported only the three-variable equation. We
repeated these procedures for the 5-year KFRE. Calibration
was tested by plotting deciles of expected 2- and 5-year risk
against observed risk and calculating the Greenwood-Nam-
D’Agostino statistic within each HCO. Deciles with , five
events were combined. A smaller Greenwood-Nam-D’Ag-
ostino statistic was considered an improvement in calibra-
tion and was compared between three-variable KFRE and
four-variable KFRE using Wilcoxon matched-pairs signed
rank test. Only HCOs with at least 50 ESKD events were
included. We also evaluated the net reclassification index
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Table 1. Baseline characteristics of patients with eGFR <60 ml/min per 1.73 m2, by health care organization

Health Care Organization Identification N Age (mean, SD) % Female eGFR (mean, SD) % Diabetes % Hypertension

1 18,273 71 (10) 60 47 (11) 40 85
2 28,690 74 (10) 61 47 (11) 36 87
3 14,560 72 (10) 62 48 (11) 31 72
4 17,833 73 (10) 61 47 (11) 37 85
5 12,342 73 (10) 58 49 (10) 35 80
6 83,266 71 (11) 61 48 (11) 29 67
7 9309 73 (10) 61 47 (10) 35 88
8 10,160 71 (10) 58 47 (11) 43 88
9 16,463 65 (12) 54 49 (11) 32 75
10 65,990 71 (11) 60 47 (11) 40 86
11 6239 62 (12) 56 45 (13) 61 85
12 17,078 73 (10) 62 47 (11) 35 83
13 16,794 73 (9) 59 48 (10) 45 86
14 20,977 71 (12) 57 46 (12) 31 68
15 12,442 75 (9) 55 46 (12) 34 84
16 11,396 74 (10) 56 46 (12) 37 73
17 44,092 72 (10) 61 47 (11) 36 80
18 15,774 71 (11) 58 45 (12) 30 79
19 13,057 72 (10) 51 47 (12) 30 67
20 32,055 73 (10) 61 48 (11) 39 88
21 21,408 71 (12) 55 45 (13) 2 3
22 14,068 71 (10) 60 46 (12) 37 80
23 17,831 73 (9) 58 48 (11) 32 74
24 38,390 71 (11) 59 48 (11) 31 76
25 14,967 72 (10) 61 47 (11) 32 83
26 12,122 72 (11) 55 44 (13) 22 40
27 23,954 72 (10) 59 47 (11) 35 80
28 28,114 72 (11) 59 46 (12) 29 66
29 10,281 73 (11) 62 48 (11) 35 73
30 23,110 72 (10) 59 47 (11) 37 79
31 18,669 71 (10) 60 47 (11) 21 53
32 22,847 72 (12) 54 47 (12) 7 17
33 9443 73 (10) 61 46 (11) 29 60
34 7591 67 (13) 53 46 (13) 30 66
35 103,583 72 (10) 61 48 (10) 35 83
36 104,536 72 (11) 58 46 (12) 24 53
37 11,916 70 (11) 57 44 (14) 36 70
38 12,583 74 (10) 57 48 (11) 42 87
39 14,096 70 (12) 58 45 (13) 6 13
Total 976,299 72 (11) 59 47 (11) 32 71
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Table 2. Proportion with albumin-creatinine ratio testing according to “look-back” window

Health Care Organization
Identification N Albumin-Creatinine Ratio Within 1 yr, N (%) Albumin-Creatinine Ratio Within 2 yr, N (%) Albumin-Creatinine Ratio Within 3 yr, N (%)

1 18,273 3393 (18.6) 4446 (24.3) 4996 (27.3)
2 28,690 4242 (14.8) 5515 (19.2) 6065 (21.1)
3 14,560 2342 (16.1) 2816 (19.3) 3044 (20.9)
4 17,833 2425 (13.6) 3044 (17.1) 3356 (18.8)
5 12,342 1631 (13.2) 2564 (20.8) 3143 (25.5)
6 83,266 16,522 (19.8) 20,734 (24.9) 21,403 (25.7)
7 9309 1055 (11.3) 1304 (14.0) 1335 (14.3)
8 10,160 848 (8.4) 1061 (10.4) 1170 (11.5)
9 16,463 2775 (16.9) 3357 (20.4) 3586 (21.8)
10 65,990 8374 (12.7) 11,185 (17.0) 12,624 (19.1)
11 6239 1712 (27.4) 2174 (34.9) 2420 (38.8)
12 17,078 3169 (18.6) 4105 (24.0) 4534 (26.6)
13 16,794 2281 (13.6) 2945 (17.5) 3209 (19.1)
14 20,977 2884 (13.8) 3722 (17.7) 4315 (20.6)
15 12,442 1777 (14.3) 2144 (17.2) 2331 (18.7)
16 11,396 1588 (13.9) 2101 (18.4) 2308 (20.3)
17 44,092 7708 (17.5) 9213 (20.9) 9843 (22.3)
18 15,774 1150 (7.3) 1550 (9.8) 1671 (10.6)
19 13,057 822 (6.3) 1050 (8.0) 1102 (8.4)
20 32,055 7263 (22.7) 8640 (27.0) 9076 (28.3)
21 21,408 1758 (8.2) 2365 (110.1) 2753 (12.9)
22 14,068 709 (5.0) 891 (6.3) 960 (6.8)
23 17,831 12,169 (68.3) 13,003 (72.9) 13,154 (73.8)
24 38,390 3201 (8.3) 4206 (11.0) 4985 (13.0)
25 14,967 2540 (17.0) 2987 (20.0) 3092 (20.7)
26 12,122 1615 (13.3) 1760 (14.5) 1760 (14.5)
27 23,954 3087 (12.9) 3881 (16.2) 4262 (17.8)
28 28,114 2496 (8.9) 2795 (9.9) 2856 (10.2)
29 10,281 1139 (11.1) 1209 (11.8) 1210 (11.8)
30 23,110 2263 (9.8) 2492 (10.8) 2495 (10.8)
31 18,669 978 (5.2) 1086 (5.8) 1121 (6.0)
32 22,847 3380 (14.8) 4129 (18.1) 4592 (20.1)
33 9443 1060 (11.2) 1299 (17.8) 1415 (15.0)
34 7591 926 (12.2) 1249 (16.4) 1419 (18.7)
35 103,583 13,458 (13.0) 16,968 (16.4) 18,355 (17.7)
36 104,536 10,239 (9.8) 12,189 (11.7) 13,391 (12.8)
37 11,916 1499 (12.6) 1932 (16.2) 2015 (16.9)
38 12,583 3410 (27.1) 4109 (32.7) 4503 (35.8)
39 14,096 1798 (12.8) 2141 (15.2) 2179 (15.5)
Total 976,299 141,686 (14.5) 174,360 (17.9) 188,048 (19.3)
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Table 3. Characteristics of patients, on the basis frequency and type of albuminuria testing within 3 yr

Characteristic Group 1: Has Albumin-Creatinine
Ratio Test

Group 2: Has Protein-To-Creatinine
Ratio Test

Group 3: Has Proteinuria Dipstick
Test

Group 4: Has No Albuminuria
Test

N (%) 188,048 (19) 16,130 (2) 354,627 (36) 417,494 (43)
Age, yr 71 (10) 69 (13) 72 (11) 72 (11)
Female sex (%) 55 48 62 58
eGFR (ml/min per 1.73 m2) 46 (11) 37 (13) 47 (11) 47 (11)
Median (IQR) ACR/PCR/dipstick
level, (mg/g, mg/g, category)

21 (8–79) 210 (100–670) Negative NA

Diabetes 75.5% 33.8% 20.1% 21.2%
Hypertension 84.7% 79.0% 71.3% 63.8%
ESKD events (N) 8972 2045 7976 10,660
ESKD incidence, events per
1000 person-yr, 95% CI

10.49 (10.27–10.71) 31.95 (30.60–33.37) 5.31 (5.19–5.42) 5.98 (5.87–6.09)

Death incidence, events per
1000 person-yr, 95% CI

60.55 (60.03–61.08) 80.47 (78.35–82.65) 74.93 (74.50–75.38) 68.32 (67.94–68.71)

Group 1, available ACR test. Group 2, available PCR, but no available ACR. Group 3, available urine dipstick protein level measurement, but no available ACR or PCR. Group 4, no form of
albuminuria measured. 95% CI, 95% confidence interval IQR, interquartile range; ACR, albumin-creatinine ratio; PCR, protein-to-creatinine ratio.
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using clinically relevant risk categories (,10%, 10%–19%,
20%–39%, 40%1 for 2-year time horizon, corresponding risk
categories for the 5-year horizon) comparing three-variable
and four-variable KFRE for groups 1, 2, and 3 individually
across HCOs and then meta-analyzed. All analyses were
performed using Stata 15 (StataCorp 2017; StataCorp LLC,
College Station, TX).

Results
Study Population
There were 976,299 patients included from 39 different

HCOs (Table 1). Overall, the average age was 72 years (SD,
11 years), and the percentage of women was 59%. The mean
eGFR in 2013 was 47 ml/min per 1.73 m2; 32% had diabetes,
and 71% had hypertension. There was some variation across
HCOs, with the average age ranging from 62 to 75 years and
average eGFR ranging from 44 to 49 ml/min per 1.73 m2.
In the 634,259 participants with confirmed eGFR ,60

ml/min per 1.73 m2, the average age was 73 years old, 60%
were women, the mean eGFR was 46 ml/min per 1.73 m2,
35% had diabetes, and 76% had hypertension (Supplemental
Table 1).

ESKD Incidence
There were 29,653 ESKD events over a mean follow-up

of 4.3 years (Supplemental Table 2). The overall incidence of
ESKD was 7.05 events per 1000 person-years. The range of
ESKD incidence by HCO was 3.67 events per 1000 person-
years to 30.3 events per 1000 person-years.

Frequency of ACR Testing within the Previous 3 Years
Overall, only 15% of patients had ACR testing within

1 year before the index date, 18% had testing within 2 years,
and 19% had testing within 3 years (Table 2). There was
variability in testing by HCOs, with the range of patients
who had ACR testing within 1 year between 5% and 68%,
within 2 years from 6% to 73%, and within 3 years from 6%
to 74%.
In the population with confirmed eGFR ,60 ml/min per

1.73 m2, the proportion with ACR testing was slightly
greater than that of the populationwith nonconfirmed eGFR
,60 ml/min per 1.73 m2 (Supplemental Table 3). Of the
634,259 patients, 18% had ACR testing within 1 year, 22%
had testing within 2 years, and 23% had testing within
3 years before the index date.

Characteristics of Patients On the Basis of Frequency and
Type of Albuminuria Testing
Of the 976,299 participants, 188,048 (19%) had ACR test-

ing (group 1), 16,130 (2%) had PCR testing (group 2), 354,627
(36%) had urine dipstick protein levels (group 3), and
417,494 (43%) did not have any type of albuminuria testing
(group 4) in the 3 years before index date (Table 3). Mean
age was similar across the groups; however, the proportion
of patients with diabetes was much higher in group 1, and
eGFR was much lower in group 2. Hypertension was less
common in groups 3 and 4.

Performance of the KFRE in Group 1 (ACR Testing Available)
In group 1, where ACR was available, the incidence of

ESKD was 10.49 patients per 1000 person-years and median
C-statistic of the four-variable KFRE across 39 HCOs was
0.895. As expected, it outperformed the three-variable KFRE
in 36 HCOs, for a meta-analyzed difference in C-statistic of
0.039 (0.036–0.043) (Table 4, columns 2–3). The calibration
was improved for both the 2- and 5-year KFRE using the
four-variable risk equation compared with the three-
variable risk equation (Supplemental Figure 1). The Green-
wood-Nam-D’Agostino statistic was smaller in 16 out of 20
HCOs (P50.001) for the 2-year and 25 out of 36 HCOs
(P50.02) for the 5-year risk equation. Themeta-analyzed net
reclassification index was 0.139 (95% confidence interval
[95% CI], 0.108 to 0.171) and 0.159 (95% CI, 0.137 to 0.180) at
2 and 5 years, respectively (Supplemental Table 4).

Performance of the KFRE in Group 2 and 3 (PCR or Dipstick
Protein Testing Available)
In group 2, where PCR was available, the incidence

of ESKD was 32.0 patients per 1000 person-years and the
median C-statistic of the four-variable KFRE using an im-
puted value for ACR across ten HCOs was 0.847. This
outperformed the three-variable KFRE in nine HCOs, for
a meta-analyzed difference in C-statistic of 0.022 (0.017–
0.026) (Table 4, columns 4–5). Calibration was adequate for
both the three-variable and four-variable KFRE (Supple-
mental Figure 2). The meta-analyzed net reclassification
index was 0.099 (95% CI, 0.057 to 0.140) and 0.136 (95%
CI, 0.105 to 0.0168) at 2 and 5 years, respectively (Supple-
mental Table 4).
In group 3, where only dipstick protein was available, the

incidence of ESKD was 5.31 patients per 1000 person-years
and the four-variable KFRE using an imputed value for
ACR again outperformed the three-variable equation (dif-
ference in C-statistic, 0.012; 95% CI, 0.010 to 0.015) (Table 4,
columns 6–7). Observed risk of kidney failure was similar to
predicted risk formost HCOs for the four-variable KFRE but
not the three-variable KFRE, which showed systematic bias,
with predicted risk greater than observed risk (Supplemen-
tal Figure 3). Greenwood-Nam-D’Agostino statistic was
smaller in 17 out of 21 HCOs (P50.001) for 2 years and
28 out of 32 HCOs (P,0.0001) for 5 years. If the three-
variable equation were used to classify 2-year risk, 0.4% of
those with ,10% predicted risk developed kidney failure,
6% of those with 10%–19% predicted risk, 14% of those with
20%–39% predicted risk, and 26% of those with 40% pre-
dicted risk. In crossclassification, using imputed ACR
from dipstick and the four-variable equation resulted in
lower predicted risk than the three-variable equation for
most patients. Thus, the net reclassification index for
events (N53682) resulted in a negative value, with a positive
value only for the net reclassification for the nonevents
(N5350,945).
For group 4, where no measure of albuminuria was avail-

able, the incidence of ESKD was relatively rare, at 5.98
patients per 1000 person-years, similar to group 3. The three-
variable KFRE performed fairly well, with a median C-
statistic of 0.887, although predicted risk was greater than
observed risks in most of HCOs, demonstrating systematic
bias (Supplemental Figure 4, Tables 4 and 5, column 8).
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Table 4. C-statistics in groups with albumin-creatinine ratio, protein-to-creatinine ratio/dipstick, and no urine testing within 3 yr

Health Care Organization
Identification

Group 1: Has Albumin-Creatinine
Ratio Test

Group 2: Has Protein-To-Creatinine
Ratio Test

Group 3: Has Proteinuria Dipstick
Test Group 4: Has No Albuminuria Test

Three-variable Four-variable Three-variable Four-variable Three-variable Four-variable Three-variable

1 0.840 0.888 0.894 0.922 0.872
2 0.860 0.912 0.902 0.917 0.915
3 0.794 0.836 0.915 0.935 0.865
4 0.886 0.909 0.911 0.929 0.931
5 0.869 0.907
6 0.856 0.894 0.790 0.804 0.876 0.888 0.885
7 0.866 0.920 0.900
8 0.905 0.921 0.920 0.940 0.911
9 0.852 0.898 0.931
10 0.826 0.861 0.840 0.864 0.876 0.895 0.887
11 0.862 0.919 0.840 0.863 0.877
12 0.859 0.892 0.925 0.937 0.869
13 0.815 0.879 0.867 0.888 0.867 0.892
14 0.843 0.884 0.845 0.877 0.851 0.841 0.903
15 0.894 0.912 0.887 0.900 0.923
16 0.867 0.900 0.803 0.830 0.916 0.916 0.889
17 0.864 0.903 0.885 0.902 0.901
18 0.871 0.925 0.840 0.866 0.926
19 0.880 0.897 0.817 0.823 0.855 0.864 0.897
20 0.867 0.909 0.898 0.914 0.921
21 0.854 0.891 0.879 0.887 0.922
22 0.812 0.849 0.898 0.906 0.881
23 0.867 0.897 0.902 0.917 0.960
24 0.903 0.930 0.901 0.918 0.868
25 0.891 0.932 0.892 0.913 0.927
26 0.833 0.877 0.817 0.824 0.882
27 0.851 0.905 0.897 0.908 0.862
28 0.838 0.889 0.763 0.789 0.851 0.868 0.867
29 0.852 0.876 0.884 0.894 0.889
30 0.762 0.854 0.879 0.889 0.898
31 0.844 0.885 0.904 0.915 0.906
32 0.842 0.882 0.877 0.868 0.921
33 0.860 0.895 0.835 0.833 0.930
34 0.870 0.915 0.843 0.850 0.932
35 0.829 0.881 0.852 0.884 0.859 0.881 0.889
36 0.844 0.883 0.861 0.878 0.881
37 0.833 0.868 0.794 0.814 0.887 0.901 0.929
38 0.897 0.930
39 0.845 0.893 0.869 0.888 0.887
Median C-statistic 0.856 0.895 0.828 0.847 0.885 0.897 0.899

Meta-analyzed difference in C-statistic Meta-analyzed difference in C-statistic Meta-analyzed difference in
C-statistic

0.039 (0.036–0.043) 0.022 (0.017–0.026) 0.012 (0.010–0.015)

Group 1, available ACR test. Group 2, available PCR, but no available ACR. Group 3, available urine dipstick protein level measurement, but no available ACR or PCR. Group 4, no form of
albuminuria measured. Bold indicates that the difference in C-statistic between the 4-variable and 3-variable KFRE in the group is statistically significant. ACR, albumin-creatinine ratio; PCR,
protein-to-creatinine ratio.
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When differences in C-statistics were meta-analyzed sep-
arately within CKD stages G3 and G4–5, the four-variable
equation performed better than the three-variable equations
for all groups (Supplemental Table 5).

Discussion
Efforts to incorporate the KFRE in EHRs are underway,

with the goal of better informing referral to nephrology,
multidisciplinary care, and transplant evaluation or vascu-
lar access creation (16–21). However, in this study of more
than one million patients with eGFR ,60 ml/min per
1.73 m2, only 19% of participants had the necessary ACR
testing to calculate the four-variable KFRE. An additional
38% had PCR or dipstick protein available, which, with our
recently published equation for the conversion of PCR or
dipstick protein to ACR, may now be used to impute ACR
and calculate the four-variable KFRE. We demonstrate that,
for those patients with urine PCR or dipstick protein testing
only, using the four-variable KFRE with imputed ACR—
despite the known inaccuracy in conversion—was a better
option than using the three-variable KFRE without ACR in
most patients.
Although the overall ESKD risk in participants with no

measures or only dipstick protein measures of albuminuria
was low, the three-variable KFRE was not well calibrated in
this group. Incorporating measures of dipstick protein ten-
ded to lower the KFRE risk prediction, which was useful for
the large number of patients without ESKD events. In
contrast, patients with events also had lower risk estimates.
This may be in part due to the crude conversion: the im-
puted ACR value from urine dipstick protein has a maxi-
mum value of 1000 mg/g of creatinine. Our results suggest
individuals with high-risk estimates using the three-variable
KFRE may benefit from a more quantitative measure of
albuminuria for risk assessment. In general, albuminuria
testing remains underutilized, yet vitally important for
prognostication.
Previous smaller studies have also reported low rates of

albuminuria testing in patients with CKD. The Cleveland
Clinic reported 36% of patients with CKD had no protein-
uria assessed (8). A British cohort of 12,988 patients showed
36% had ACR testing over a 7-year period, and only 17%
had ACR testing within the first year of registration of CKD.
Of note, after ACR testing was included in the United
Kingdom’s National Institute for Health and Care Excel-
lence Quality and Outcomes Framework CKD targets and
there were changes in incentives, ACR testing increased
nearly 10% compared with the prior year (22,23). The reason
why ACR is not tested more frequently in patients with
CKD is uncertain (24–26). Some suggest an unclear rationale
for testing and confusion as to the appropriate method for
measuring albuminuria (27,28). Although Kidney Disease:
Improving Global Outcomes (KDIGO) has consistently rec-
ommended measuring ACR if possible, other guidelines
have stressed ACR measurement primarily in patients with
diabetes (27,29).
Our study builds on the existing evidence that ascertain-

ment of albuminuria is central to ESKD prognosis (3,4). We
found that the four-variable KFRE (with albuminuria) con-
sistently performed better that the three-variable KFRE
(without albuminuria), even when ACR was imputed from

PCR or urine dipstick protein levels. Others have evaluated
the contribution of albuminuria in different ways. In a study
from Australia, spot PCR, spot ACR, and 24-hour urine
protein assessment were all strongly associated with the
composite outcome of death, ESKD, or .30% decline in
eGFR (30). In a study estimating the time to ESKD, incor-
porating age, sex, proteinuria, and eGFR provided a better
estimate compared with eGFR alone, supporting the asser-
tion that kidney failure risk should be used in consideration
of referral for a nephrology consultation or referral to trans-
plant evaluation rather than eGFR alone (31). In a large
meta-analysis of cohorts from around the world, change in
albuminuriawas strongly associatedwith risk of ESKD (32,33).
The study has several limitations that should be consid-

ered when interpreting the results. There is variability of the
laboratory methods across HCOs; serum creatinine and
albuminuria tests were not analyzed in a central laboratory.
Laboratory data available in the EHR-derived data from
OLDW are received from participating provider networks,
so there may have been additional laboratory tests per-
formed that were not present in the data. ESKD was cap-
tured by diagnostic code and not linkage to the US Renal
Data System (USRDS) registry, a method that may miss
patients treated outside the provider network. That said,
previous studies have demonstrated high accuracy for using
ICD codes to identify patients with ESKD (13). A strength of
the study is the large number of participants—nearly 5% of
the nation’s estimated population with eGFR ,60 ml/min
per 1.73 m2—from diverse age, sex, ethnic groups, and
geographic locations. In this study of over a million patients
with eGFR ,60 ml/min per 1.73 m2, incorporating albu-
minuria in ESKD risk prediction resulted in consistent im-
provement in risk discrimination, even when ACR was
imputed from PCR or urine dipstick protein levels. How-
ever, very few patients with GFR ,60 ml/min per 1.73 m2

received the necessary albuminuria testing. Additional pol-
icies or incentives should be instituted to encourage albu-
minuria testing for all patients with CKD.
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29. Bermúdez RM, Garcı́a SG, Surribas DP, Castelao AM, Sanjuán JB:
Documento de Consenso. Recomendaciones sobre la valoración
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