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OBJECTIVE

An estimated 37 million Americans have chronic kidney disease (CKD). Nearly
90% do not know about their condition because of low awareness about the
importance of CKD testing and diagnosis among practitioners and people at risk
for CKD. This study uses data from a national clinical laboratory to identify guide-
line-recommended CKD testing rates across the U.S.

RESEARCH DESIGN AND METHODS

Patients with Laboratory Corporation of America Holdings (Labcorp) testing between
2013 and 2019 were defined as at risk for CKD if they had any testing ordered with
diagnosis codes for diabetes and/or hypertension. Guideline-concordant CKD assess-
ment was defined by estimated glomerular filtration rate (eGFR) and urine albumin-
to-creatinine ratio (uACR) testing within the study year.

RESULTS

We identified 28,295,982 at-risk patients (mean age 60.6 ± 14.8 years; 53.6%
women): 16.2% had diabetes, 63.8% had hypertension, and 20.1% had both
comorbidities. Of these, 80.3% did not receive guideline-concordant assessment
during the study period. Furthermore, only 21.0% had uACR testing versus 89.6%
with eGFR. CKD assessment occurred at least once in 28.7% of patients with dia-
betes, 10.5% of patients with hypertension, and 41.4% of patients with both con-
ditions. In a state-by-state comparison, annual testing rates ranged from 5 to
30%. The nationwide rate increased modestly each year between 2013 and 2018
(from 10.7% to 15.2%).

CONCLUSIONS

Despite guideline recommendations, testing for CKD with uACR and eGFR in U.S.
adults with diabetes and hypertension is low in routine clinical care. These data
highlight the need for strategies to improve routine CKD assessment nationwide.

An estimated 37 million U.S. adults have chronic kidney disease (CKD) and are at
risk for kidney failure or end-stage kidney disease (ESKD) requiring dialysis or kid-
ney transplant, in addition to cardiovascular events and death. In the 2015–2016
National Health and Nutrition Examination Survey, prevalence of CKD stages G1–4
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was 14.2% among adult participants (1).
One in three U.S. adults is at risk for
diabetes and/or high blood pressure (2).
The incidence of CKD is projected to
increase over the next 20 years because
of increasing obesity rates and an aging
U.S. population (3). Globally, increasing
prevalence of type 2 diabetes is the pri-
mary causative factor accounting for
increased ESKD (4).

In addition to high prevalence, the
health care cost burden of CKD is sub-
stantial. Total 2016 Medicare expendi-
tures for kidney disease were >$114
billion, totaling $79 billion for all CKD
stages and $35 billion for ESKD, includ-
ing dialysis and kidney transplants (5).
The following year, costs increased to
$84 billion for CKD without dialysis
treatment and $36 billion for ESKD (6).
While beneficiaries $65 years of age
with CKD represented 14% of the Medi-
care population, CKD costs accounted
for 25% of Medicare expenditures (6),
demonstrating disproportionate health
care costs for patients with kidney
disease.

Despite prevalence and burgeoning
costs, patient awareness remains low
(7). This may be partially attributed to
underdetection, even among high-risk
groups (8). A 2017 state-level survey
showed awareness among individuals
with laboratory evidence of CKD to be
9.0% (9). Similarly, 2017 Centers for Dis-
ease Control and Prevention (CDC) data
showed 90% of patients in stage G3
and 48% in G4 CKD were not aware
(10). Over half of the patients who initi-
ated dialysis in 2017 had <12 months
of nephrology services, contributing to
unplanned crash dialysis starts, demon-
strated by 80% of patients with incident
hemodialysis starting with a dialysis
catheter rather than the generally pre-
ferred arteriovenous fistula or graft
(6,11).

Early-stage CKD is often asymptom-
atic, making laboratory testing impera-
tive for at-risk patients. Diagnosis uses
two widely available, inexpensive tests
recommended by Kidney Disease: Improv-
ing Global Outcomes (KDIGO) clinical
practice guidelines: 1) serum creatinine
with estimated glomerular filtration rate
(eGFR), a test of kidney function, and 2)
urine albumin-to-creatinine ratio (uACR),
a test of kidney damage (12–14). While
eGFR results are common within meta-
bolic panels, the test alone is insufficient

for CKD detection: albuminuria reflects
endothelial inflammation that may
cause proximal tubular damage and pro-
gressive function loss (15). Both tests
should be performed at least annually
for at-risk patients by primary care prac-
titioners (PCPs) and clinicians who man-
age diabetes and hypertension, such as
endocrinologists and cardiologists. Since
>60% of patients with CKD are seen in
a primary care setting, the role of PCPs
in improving CKD care is crucial (16),
engaging in diagnosis and management
as early as possible to slow progression
and prevent cardiovascular and kidney
complications (17).

The aim of this study was to evaluate
frequency of guideline-concordant CKD
testing among at-risk patients. Retro-
spective data from a national clinical
laboratory provided real-world evidence
(RWE) of testing by clinicians across the
U.S. and identified state-level testing
variations that could inform need for
education and awareness initiatives.

RESEARCH DESIGN AND METHODS

Study Design
Patients >18 years of age who had test-
ing at a Laboratory Corporation of
America Holdings (Labcorp) facility
between January 2013 and December
2019 were defined as at risk for CKD if
they had orders containing ICD-9 or
ICD-10, Clinical Modification, codes for
type 1 or type 2 diabetes (250 and
E10–E11, respectively) or hypertension
(401 and I10, I11, and I15, respectively).
To avoid CKD-diagnosed patients in the
at-risk group, patients were excluded
for a given and subsequent years if a
CKD-associated ICD (585 or N18, respec-
tively) was used on any order. Results
were drawn from individual tests and
panels, including basic and comprehen-
sive metabolic panels or the Kidney Pro-
file (uACR and eGFR), created in 2018
(18). Serum creatinine was reported to
two decimal places to calculate eGFR
using the Chronic Kidney Disease Epide-
miology Collaboration equation. The
laboratory system uniformly used inter-
nationally standardized assays for serum
creatinine. No race coefficient was used
for eGFR calculation, as race/ethnicity
data were not uniformly available.

Guideline-concordant CKD assess-
ment was defined as the presence of
both eGFR and uACR results within a

given year. Urine protein-to-creatinine
ratios (uPCRs) were also included;
although albuminuria is preferred as the
most sensitive test, proteinuria is an
acceptable alternative, particularly in
resource-limited settings (12–14). Urine
albumin assays are currently being stan-
dardized internationally, whereas urine
protein quantitative testing incorporates
three biomarker assays, making stan-
dardization challenging (14). Urine pro-
tein dipstick testing from urinalysis was
not included because of insensitivity
and high variability based on hydration
status. Testing rate was defined as the
percentage of those with both tests per-
formed out of all considered at risk
within a given year, measured nation-
wide and statewide (states with <200
at-risk patients/year were excluded).
Six-year state trends assessed with the
Mann-Kendall trend test report trend
direction. Median and interquartile
range (IQR) better represented distribu-
tions. Regional variability of mean test-
ing rate categorized states as Northeast,
Midwest, South, or West according to
U.S. Census Bureau–designated regions,
compared by Kruskal-Wallis test. Signifi-
cance of all tests is reported at P <

0.05.
As patients change health care pro-

fessionals or locations, their tests may
be routed to different laboratories. To
minimize bias for these missing data
and assess active Labcorp patients only,
we censored patients from a given year
N unless they had at least one test com-
pleted with Labcorp in years N and
N11. This was designed to exclude
patients who changed ordering clini-
cians or laboratory. Consequently, the
study reflects data from 2013 to 2018,
since 2019 met the requirement for the
final N11 year.

Statistical Analysis
Data cleaning, statistical analysis, and
visualization was performed using Python
3.6, SciPy 1.6.0, and Plotly 4.14. Continu-
ous variables are presented as mean and
SD or median and IQR depending on their
distribution. Categorical variables are pre-
sented as percentages.

Ethical Approval
This study was approved with waiver
of informed consent by the Western
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Institutional Review Board (number
1178401; Olympia, WA).

RESULTS

After patient censoring, 28,277,893 patients
were identified as at risk for CKD during
the study period. Risk conditions included
63.8% (n = 18,030,710) with hypertension
only, 16.2% (n = 4,567,453) with diabetes
only, and 20.1% (n = 5,679,730) with
both conditions (Table 1). Complete CKD
testing was identified in 19.7% of all
patients (n = 5,559,434) at least once in
the study period and by risk factor in
28.7% of patients with diabetes (n =
739,927), 10.5% of those with hyperten-
sion (n = 1,893,225), and 41.4% of
patients with both comorbidities (n =
2,351,408). Only 21.0% of all patients had
at least one uACR test (2.4% had a
uPCR), whereas 89.6% of patients had an
eGFR. Many with testing-confirmed CKD
did not have an eventual CKD ICD (Fig.
1): 4.8% of low-risk, 10.1% of moderate-
risk, 42.3% of high-risk, and 55.5% of
very-high-risk individuals by KDIGO heat
map classification (12).
The percentage of eligible patients, con-

sidering either comorbidity, completely
assessed in a given state per year is shown
in Table 2 (total patient count by state per
year as denominators can be found in
Supplementary Table 1). Hawaii, North
Dakota, and Vermont did not meet the
minimum 200 patient requirement and
were excluded. Mann-Kendall trend tests
identified increasing rates in 19 states
(P < 0.05), stable rates in the remaining
28 states (P > 0.05), and no decreasing
trends over the 6-year period. Outliers
from Wisconsin in 2013 and 2014 reflect a
reduced sample size in the state compared

with later years, indicative of testing facility
availability in the area. Nationwide mean
testing rate increased each year from
10.7% in 2013 to 15.2% in 2018, with a
6-year mean of 13.1%. Geographical vari-
ability analysis among U.S. regions showed
median testing rates (IQR) for Northeast,
Midwest, South, and West regions at
13.4% (0.7%), 12.2% (7.1%), 10.5% (7.1%),
and 14.0% (2.8%), respectively (Supple-
mentary Fig. 1). Kruskal-Wallis testing
identified no significant difference
among the four regions (P = 0.398).

A total of 275,335,683 eGFR tests
were ordered across the cohort over 6
years versus 17,289,690 uACR and
2,018,301 uPCR orders. Of eGFR results,
98.4% came from basic or comprehen-
sive metabolic panels and only 0.01%
from the Kidney Profile. Less than 0.1%
of eGFRs were direct orders compared
with 98.6% of total uACR tests. The
majority of tests were ordered by primary
care specialties: 39.7% and 25.8% of eGFR
tests by family practice (FP) and internal
medicine (IM), respectively, versus 2.2%
from nephrology. Similarly, 41.5% and
27.0% of uACR tests were ordered by FP
and IM, respectively, versus 2.5% from
nephrology. Alternatively, nephrology
accounts for 54.3% of uPCR orders ver-
sus 10.0% from FP and 14.8% from IM.

CONCLUSIONS

CKD Testing Among At-Risk Adults in
the U.S. Is Low
To our knowledge, this is the largest ret-
rospective analysis of CKD testing rates,
assessing >28 million at-risk patients in
the U.S. Results show testing for CKD in
individuals with hypertension and/or
diabetes is low in routine clinical care,

despite guideline recommendations.
Overall testing rate of at-risk patients
was <20%, which compares unfavor-
ably to diseases like colorectal cancer,
which registers a 68.8% colonoscopy
rate nationwide in at-risk individuals,
despite being more invasive and costly
(19). Stratified by comorbidity, patients
with only hypertension had the lowest
rates (10.5%) of complete testing (uACR
and eGFR), while patients with both
conditions had the highest (41.4%). Lack
of complete testing was driven primarily
by absence of albuminuria testing
(79.0%), rather than missing eGFR test-
ing (10.4%).

High eGFR testing rates are con-
firmed from metabolic panels (>98%),
which the authors speculate are typi-
cally ordered for routine-care appoint-
ments and thereby considered passive
CKD testing. However, detection and
risk stratification also require identifica-
tion of albuminuria (12–14) and there-
fore would warrant an intention of the
clinician to test for CKD with uACR.
These findings of low albuminuria test-
ing are similar to other published stud-
ies, but on a larger scale (20). Rates
compare similarly to studies performed
by other diagnostic laboratories, such as
a joint study in Arizona between the
National Kidney Foundation (NKF) and
Sonora Quest Laboratories, which found
that 79% of patients with laboratory
evidence of diabetes did not have a
uACR performed in the 12 months pre-
ceding the study (21). The 2019 U.S.
Renal Data System (USRDS) Annual
Report also identified that in 2017, only
12.9% of Medicare patients aged $65
years without diagnosed CKD received

Table 1—Summary of patient characteristics and CKD testing

All Hypertension Diabetes Both

N 28,277,893 18,030,710 4,567,453 5,679,730

Age (mean ± SD) at index of patient history* 60.6 ± 14.8 60.7 ± 15.2 58.2 ± 15.1 62.3 ± 12.9

Female (%) 53.6 54.2 52.9 52.2

Percentage of patients who had eGFR ordered at least once 89.6 90.0 83.6 93.3

eGFR (mL/min/1.73 m2), median (IQR) at index of patient history* 89.0 (32.0) 89.0 (31.0) 95.0 (33.0) 88.0 (34.0)

Percentage of patients who had uACR/uPCR ordered at least once 21.0 11.3 32.2 43.0

uACR (mg/g), median (IQR) at index of patient history* 11.9 (32.4) 9.6 (23.0) 11.9 (31.5) 14.1 (40.9)

Percentage of patients completely assessed (both tests) at least once 19.7 10.5 28.7 41.4

Cases per 6 patient-years 1.15 0.58 1.69 1.98

Patient demographics and guideline-recommended CKD testing rates in at-risk individuals with hypertension, diabetes, or both between 2013
and 2018. *Index represents the first time a patient appears during the study time frame.
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albumin testing; by comorbidity, 42.2%
of those with diabetes alone were
tested, 6.8% of those with only hyper-
tension, and 43.2% of those with both
(6). Similarly, the 2018 USRDS Annual
report using data from 2016 by Optum
Clinformatics commercial health insur-
ance patients, aged 22 to 64 years,
show uACR testing in 49.0% of patients
with diabetes, 7.1% of patients with
hypertension, and 50.7% of those with
both (22). Furthermore, trial evidence
supports changes in albuminuria and
eGFR may serve as end points for clini-
cal trials for those with or without dia-
betes or hypertension (23,24). The need
for both tests and the dichotomy of
order intentions highlights the useful-
ness of a dedicated testing panel like
the Kidney Profile, which these results
identify as still underutilized.

This study adds important informa-
tion about state-level variability in test-
ing rates across the U.S., ranging from
<5% of at-risk patients to >30%. While
Northeast and West regions exhibit
higher median testing rates and smaller

spreads, rates were not statistically dif-
ferent among the four U.S. regions, and
no individual state experienced a down-
ward trend in testing. In fact, almost
half of states and the national average
were found to have statistically signifi-
cant increasing trends. Interestingly,
compared with the Behavioral Risk Fac-
tor Surveillance System survey-level
awareness study by Dharmarajan et al.
(9), of the 10 states with highest aware-
ness scores, 7 exhibited increasing
trends (Arkansas, Arizona, Florida, Geor-
gia, Michigan, Texas, and West Virginia),
and in the 10 states with highest
imputed CKD prevalence rates, 6 exhib-
ited no trend in testing (Alabama, Dela-
ware, Louisiana, Missouri, Mississippi,
and Oklahoma).

Primary Care Professionals Play a
Pivotal Role in CKD Care
PCPs represent the front line of early
identification and management of CKD,
but may not consistently identify its
underlying presence (16). In a study of
5,036 patients with type 2 diabetes

with CKD, only 12.1% were identified
with CKD via testing by the PCP prior to
study participation (25). However, as
CKD stage progressed, the proportion of
patients identified increased by severity
(1.1% of stage G1, 4.9% for G2, 18.0%
for G3, 52.9% for G4, and 58.8% for G5)
and detection of CKD by the PCP was
strongly associated with patient aware-
ness of the condition.

The effectiveness of two simple, inex-
pensive tests for diagnosis that can be
ordered by primary care offers benefits
to population health and a contrast to
other diseases, which may require more
expensive and invasive tests for detec-
tion and risk stratification. A population
health model with emphasis on CKD
testing in patients with diabetes
resulted in a 54% reduction in incident
ESKD attributed to diabetes in a popula-
tion enriched for CKD (26). Further-
more, a 2013 cost analysis study
concluded that CKD medical costs are
substantial among Medicare beneficia-
ries, increasing with severity, suggesting
early identification to prevent high costs

Figure 1—Flow of diagnostic testing for patients at risk for CKD. Sankey diagram showing the CKD testing and patient history flow in at-risk individ-
uals with hypertension, diabetes, or both throughout the study period. At-Risk, Tested is defined by the presence of eGFR and uACR in a given year
during the study time frame.
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Table 2—Testing rates of patients at risk for CKD across the U.S. from 2013 to 2018

State 2013 2014 2015 2016 2017 2018 Mean Trend P

Wisconsin 42.7 49.8 21.8 16.5 26.9 23.3 30.2 No trend 0.462

Washington 15.6 17.6 22.7 29.0 28.5 27.1 23.4 No trend 0.462

Florida 20.0 20.0 21.3 23.2 24.6 26.9 22.6 Increasing 0.027

California 19.5 19.0 21.4 23.2 23.9 24.8 22.0 No trend 0.086

Texas 16.0 18.2 20.7 23.1 24.9 26.2 21.5 Increasing 0.027

Illinois 14.4 14.8 17.6 19.8 21.5 23.8 18.6 Increasing 0.027

Pennsylvania 14.2 13.2 18.1 20.2 20.4 20.8 17.8 No trend 0.086

Idaho 9.8 12.4 15.6 20.3 20.1 19.1 16.2 No trend 0.462

Maryland 13.6 13.7 15.9 17.2 17.5 18.1 16.0 Increasing 0.027

Missouri 14.8 14.8 15.1 16.0 16.3 16.1 15.5 No trend 0.086

Oregon 10.2 10.6 13.5 18.1 18.6 21.4 15.4 Increasing 0.027

Virginia 12.8 13.5 14.5 16.4 17.5 17.7 15.4 Increasing 0.027

Delaware 14.2 13.7 15.5 16.4 16.6 15.7 15.3 No trend 0.462

New Mexico 11.4 13.0 18.9 16.7 14.8 16.5 15.2 No trend 0.221

Alaska 17.3 15.2 16.0 12.9 11.6 11.8 14.1 No trend 0.086

Kansas 13.4 12.3 13.2 13.1 14.7 16.4 13.8 No trend 0.221

Colorado 11.7 11.6 13.0 14.8 15.3 16.2 13.8 No trend 0.086

South Dakota 11.1 15.2 14.3 18.2 10.1 13.7 13.8 No trend 1.000

New Hampshire 12.0 11.4 12.6 14.7 15.9 15.3 13.7 No trend 0.221

New Jersey 12.0 12.2 13.3 14.2 14.7 15.4 13.6 Increasing 0.027

Maine 7.6 9.1 8.2 16.8 20.0 19.6 13.6 No trend 0.086

Georgia 10.9 11.5 13.2 14.0 14.8 15.1 13.2 Increasing 0.027

Rhode Island 8.7 9.7 15.0 16.3 14.6 14.9 13.2 No trend 0.221

New York 11.3 11.2 13.0 13.7 13.8 14.7 13.0 No trend 0.086

Arizona 7.4 8.6 10.8 13.6 17.7 19.5 12.9 Increasing 0.027

Massachusetts 11.9 12.0 13.2 12.4 12.1 15.9 12.9 No trend 0.086

Utah 10.5 11.2 13.0 13.5 14.8 14.5 12.9 No trend 0.086

Nevada 9.3 10.6 12.7 13.7 13.9 15.6 12.6 Increasing 0.027

Ohio 9.5 9.6 12.0 13.7 13.7 14.9 12.2 Increasing 0.027

North Carolina 9.0 9.1 11.3 13.5 14.1 14.4 11.9 Increasing 0.027

Connecticut 6.7 8.4 11.8 12.2 13.4 14.2 11.1 Increasing 0.027

Tennessee 9.4 9.2 10.3 11.0 11.7 11.9 10.6 No trend 0.086

South Carolina 7.9 8.6 9.6 11.4 12.1 12.8 10.4 Increasing 0.027

Montana 8.4 12.4 10.3 11.0 12.1 8.3 10.4 No trend 0.806

West Virginia 7.8 8.3 9.6 11.1 11.2 11.7 10.0 Increasing 0.027

Louisiana 8.4 8.0 9.3 10.3 11.1 11.3 9.7 No trend 0.086

Indiana 5.6 6.8 8.4 10.5 11.1 11.3 8.9 Increasing 0.027

Alabama 7.0 6.8 7.4 8.3 9.4 10.6 8.3 No trend 0.086

Kentucky 6.8 6.9 7.7 8.7 9.2 9.9 8.2 Increasing 0.027

Iowa 3.0 6.2 7.6 9.2 11.5 10.4 8.0 No trend 0.086

Nebraska 3.8 3.4 5.1 5.8 11.2 14.0 7.2 No trend 0.086

Minnesota 3.3 4.4 7.5 9.2 10.4 5.5 6.7 No trend 0.221

Arkansas 4.7 5.3 6.1 6.7 7.9 8.0 6.5 Increasing 0.027

Michigan 3.5 4.0 4.2 5.6 9.6 10.8 6.3 Increasing 0.027

Oklahoma 2.8 3.7 5.1 7.2 8.6 8.2 5.9 No trend 0.086

Mississippi 4.6 4.3 5.1 5.4 5.3 6.3 5.2 No trend 0.221

Wyoming 7.2 3.3 4.7 3.4 4.6 4.9 4.7 No trend 0.806

Mean 10.7 11.4 12.5 13.9 14.8 15.2 13.1 Increasing 0.027

Data are percentages. Table is ordered by descending mean of state testing rate over the 6-year period; nationwide rates are reported in the
last row (Mean). Trends were analyzed with the Mann-Kendall trend test, with significance reported at P < 0.05.
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(27). Although the Kidney Profile was
introduced in 2018 to streamline and
facilitate CKD testing, adoption by
ordering clinicians has been limited thus
far.

PCP importance is demonstrated in
this study, in which FP and IM providers
ordered the majority of tests. Low rates
of eGFR and uACR orders from nephrol-
ogy could indicate that these patients
have not yet been referred; high rates
of uPCR, a test preferred by nephrolo-
gists, may indicate those already moni-
tored for CKD. The main issue is the
disparity in orders from PCPs: only
21.0% of patients for uACR versus
89.6% for eGFR. Previous studies have
shown that low eGFR, rather than albu-
minuria, is the leading reason for
nephrology referral (28), suggesting
there may be an underappreciation of
the presence of albuminuria or protein-
uria and its effect on CKD progression.
Barriers to proper CKD care and man-
agement could be contributing factors
to these disparities: a survey of PCPs
identified not only low patient aware-
ness as a barrier, but also difficulty of
maintaining current CKD guidelines and
limited time and resources as main con-
cerns, expressing a desire for better lab-
oratory decision support and more
concise guidelines as mechanisms for
better care (29). Our study identifies
opportunities to raise awareness of the
need for testing not just in primary
care, but all specialties that monitor at-
risk patients, while suggesting labora-
tory solutions like the Kidney Profile.

Early Diagnosis and Intervention Can
Improve CKD Management and
Complications
Both diagnosed and undiagnosed CKD
can be complicated by cardiovascular
disease, kidney failure, and mortality.
Effective interventions include lifestyle
changes, dietary modifications, and
medical management. Smoking cessa-
tion can reduce albuminuria (30). For
those with diabetes, increased physical
activity improves glycemic control (31)
and therapeutic interventions include
blood pressure and glucose control.

Benefits of ACE inhibitors or angio-
tensin receptor blockers (ARBs) on
reducing cardiovascular risk and slowing
CKD progression in hypertension with
albuminuria are well established (32).
This may reflect lower uACR testing in

this study, as laboratory data cannot
confirm existing ACE or ARB prescrip-
tions. The American College of Physi-
cians recommends against proteinuria
testing in those with diabetes in this
case, albeit graded as a weak recom-
mendation with low-quality evidence
(33). However, a study evaluating
Healthcare Effectiveness Data and Infor-
mation Set measures for diabetic
nephropathy found only 1% of exam-
ined patients with diabetes and pre-
scribed ACE/ARBs had albuminuria in
years prior, suggesting inclusion of these
medications may lead to undertesting
of an at-risk population (34). Addition-
ally, some studies indicate higher levels
of uACR in those with hypertension is
associated with higher likelihood of ACE
inhibitor or ARB initiation, suggesting
albuminuria testing can lead to better
medical management (35). While eGFR
assesses kidney function, uACR assesses
kidney damage, and both are needed to
stage CKD, underscoring their value in
management.

In 2019, the U.S. Food and Drug
Administration approved the first novel
treatment for type 2 diabetic kidney dis-
ease in nearly 18 years: canagliflozin, a
sodium–glucose cotransporter 2 inhibi-
tor, for which effectiveness was exhib-
ited in the Canagliflozin and Renal
Events in Diabetes with Established
Nephropathy Clinical Evaluation (CRE-
DENCE) trial, specifically to reduce risk
of ESKD in those with uACR >300 mg/g
(36). Other drugs in this class, such as
dapagliflozin, have also been shown to
reduce eGFR decline, albuminuria, car-
diovascular events, and mortality in ran-
domized clinical trials (37). Based on
this study, in April 2021, the U.S. Food
and Drug Administration also approved
dapagliflozin to reduce the risk of kid-
ney function decline, cardiovascular
death, and heart failure hospitalization
in those with CKD at risk for disease
progression, with or without diabetes
(38). Lastly, glucagon-like peptide 1
receptor agonists have shown similar
improvements in cardiovascular and kid-
ney outcomes in type 2 diabetes (39).

Effective public policies to promote
early CKD diagnosis with informed inter-
ventions are critical to slow progression
and reduce morbidity and mortality,
while driving treatment research. More-
over, CKD has emerged as one of the
most prevalent risk factors for severe

COVID-19 infection, including hospitali-
zation and mortality (40), with the CDC
listing all stages as high risk.

Initiatives To Increase Awareness
and Promote Guideline Adherence
Are Under Way
The findings in this study highlight the
need for population-based approaches
to improve CKD awareness, many of
which are under way. Furthermore,
there has been a lack of improvement
in quality of care in CKD, often not con-
cordant with clinical practice guidelines,
that emphasizes the need for new qual-
ity measures (41). Per the CDC’s
reported prevalence of diabetes and
hypertension, NKF is promoting the “Are
you the 33%?” awareness campaign as
part of the Advancing American Kidney
Health Initiative in partnership with the
U.S. Department of Health and Human
Services and the American Society of
Nephrology. In 2020, the National Com-
mittee for Quality Assurance introduced
the kidney health evaluation for patients
with diabetes to advance guideline-con-
cordant testing in the U.S. as described in
this study. To drive incentives for testing,
NKF, in collaboration with the National
Committee for Quality Assurance, devel-
oped the new 2020 Healthcare Effective-
ness Data and Information Set measure
for Kidney Health in Adults with Diabetes.
Ongoing laboratory collaborations harmo-
nize nationwide methodology and report-
ing to facilitate testing and interpretation,
promoting the initiative’s goal of reducing
ESKD incidence by 25% in 2030 (42).
Findings in this study also help support
key objectives for U.S. Department of
Health and Human Services’ Healthy Peo-
ple 2030 in both increasing CKD aware-
ness and decreasing prevalence. Advancing
public knowledge of the current state of
CKD management may help improve both
patient care and research funding, which
could produce novel treatments for the
disease.

Strengths and Limitations
The use of RWE through clinical labora-
tory data reflected a variety of outpa-
tient practice specialties, characterizing
realities of testing routines in clinical
care throughout the U.S. The large sam-
ple size represented a national distribu-
tion of patients and enabled state-level
analysis for geographic comparisons.
Longitudinal data evaluated changes in
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recommended testing rates over time,
which improved modestly. To our knowl-
edge, there is no other national data-
base of this size describing at-risk
patients with associated testing. While
the USRDS and CDC collect data for sur-
veillance, laboratory data are diagnostic
and immediately actionable. This study
represents an important novel step in
analyzing large samples of CKD stratified
by state to raise awareness in both
patients and professionals.
Limitations of the study include identi-

fication of at-risk groups using only ICD
codes accompanying laboratory orders,
since neither claims data nor clinical
information were available. While this
makes sensitivity and specificity of diag-
noses unattainable, diagnoses are likely
to be specific based on existing RWE lit-
erature (43,44), especially for chronic dis-
eases. As these ICDs likely do not reflect
every diagnosis per patient, some at-risk
patients were almost certainly not
included, reducing sensitivity. Also, since
results include only tests at Labcorp facil-
ities, it is possible patients had testing
performed with other laboratories or at
point-of-care and therefore not accounted
for in this study. The patient censoring
model minimized this limitation and cap-
tured patients consistently tested by Lab-
corp. Regional differences in testing
could be impacted by unknown correla-
tions among clinician testing practices,
laboratory choices, or limited market
availability of Labcorp. However, given 9
of the 20 states with highest patient
counts have mean testing rates below
the national average, the authors specu-
late that regional Labcorp dominance
does not govern testing rates.
Given that CKD severity was based

on non-African American eGFR calcula-
tions, this may overestimate prevalence
of low eGFR in a subpopulation. How-
ever, race coefficients for eGFR are con-
troversial, with some advocating eGFR
for all races as presented in this study
(45). The NKF and American Society of
Nephrology have convened a task force
to reassess use of race in diagnosing
kidney diseases that will outline a
national solution and suggest alterna-
tive approaches to eGFR estimation
(46). Additionally, while lack of sociode-
mographic data limits advanced stratifi-
cation of the population, it does not
obviate important findings of low CKD
testing rates, as those calculated in this

study depend on presence of a com-
pleted eGFR order rather than a test
result that would depend on a race
equation.

This large retrospective analysis pro-
vides RWE that rates of guideline-con-
cordant CKD testing in at-risk patients
remains low and has improved only
modestly between 2013 and 2018. As
the at-risk population for CKD grows
with increasing prevalence of diabetes,
hypertension, and obesity and risk for
severe coronavirus disease 2019 infec-
tion rises, it is imperative to identify
and treat early. These results highlight
the need for improved physician detec-
tion of CKD and intervention strategies
and support the utility of dedicated
panels to simplify the testing process
for PCPs and other clinicians who man-
age hypertension and diabetes.
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