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OVERVIEW
This supplement to The
American Journal of Managed
Care® describes the internal
and external validation of the
FINE-CKD model for estimating
the cost-effectiveness of
finerenone therapy in patients
with chronic kidney disease
and type 2 diabetes. Also
described is an assessment
of the adequacy of estimated
glomerular filtration rate and
urine albumin creatinine ratio
testing to evaluate the risk of
kidney and heart disease in
affected patients across the
United States.
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Validation of the FINE-CKD Model for Future Health
Technology Assessments for Finerenone in Patients
With Chronic Kidney Disease And Type 2 Diabetes
Michał Pochopień; MSc; David Cherney, MD, PhD; Aleksandra Drzewiecka, MSc;
Kerstin Folkerts, MSc; Pierre Levy, PhD; Aurélie Millier, PhD; Stephen Morris, PhD;
Monika Palarczyk, MSc; Prabir Roy-Chaudhury, MD, PhD; Sean D. Sullivan, PhD; and Paul Mernagh, MCom

C

hronic kidney disease (CKD) is progressive and irreversible, causing gradual loss of kidney function that

ABSTRACT

may lead to kidney failure (end-stage kidney disease

BACKGROUND: The FINE-CKD model was developed to estimate the cost-

[ESKD]). CKD is often associated with type 2 diabetes

effectiveness of finerenone in patients with chronic kidney disease (CKD)

(T2D), which causes gradual and irreversible loss of kidney function

and type 2 diabetes (T2D).

that substantially impacts both mortality and morbidity.1 The key

OBJECTIVE: To perform internal and external validation by comparing the

morbidity burden in these patients is associated with progression to

model estimates with trial results and outcomes from other models.

ESKD and risk of cardiovascular (CV) events.1 These risks increase with

METHODS: Incidence rates from trials were compared with the model

kidney function loss, albuminuria and particularly both biomarker

predictions. Statistical tests were then performed to assess whether

findings and are associated with increased mortality.2-4 and reduced

modeled event rates aligned with trial observations. A cross-validation

quality of life. The international Kidney Disease: Improving Global
2-4

Outcomes (KDIGO) 2012 Clinical Practice Guideline for CKD Evaluation
and Management, endorsed in the United States by the Kidney Disease
Outcomes Quality Initiative,5 describe a cause-glomerular filtration
rate-albuminuria (C-G-A) CKD definition and classification to detect
CKD and stratify risk based on the estimated glomerular filtration
rate (eGFR) and urine albumin-creatinine ratio (uACR).
The current treatment (referred to as background therapy, BT)

was also performed using the online version of the SHARP CKDCardiovascular Disease (SHARP CKD-CVD) model, with population
characteristics from the finerenone trials analyzed. Where no finerenone
data were available, the default SHARP CKD-CVD values were used.
Comparison of the results considered the ranges from both models.
RESULTS: The outcomes of the FINE-CKD model reflect the event rates
observed in the trials. Based on the results of the statistical tests, the
hypothesis of no difference between observed and modeled events
cannot be rejected for any of the outcomes. The results of the FINE-CKD

of patients with CKD associated with T2D includes lifestyle modi-

model are within the ranges from the SHARP CKD-CVD model. Disease

fications and pharmacotherapy, focusing on slowing progression

progressions align across the models; however, incident kidney failure

of the disease, preventing ESKD, and reducing the risk of CV events
and mortality.6,7 Nonetheless, there are residual risks and an unmet
clinal need.8 Finerenone is a new, selective, nonsteroidal mineralo
corticoid receptor antagonist (MRA) with higher antagonistic
potency for mineralocorticoid receptor (MR) and lower relative
affinity for other steroid hormone receptors than noted with other

events in the SHARP CKD-CVD model were higher. This can be explained
by simulation of more severely affected patients in the SHARP
CKD-CVD model.
CONCLUSIONS: This study demonstrates that the FINE-CKD model
adequately reflects the clinical data and provides reliable extrapolation
relative to the existing predictive tools while also being conservative
in its approach.

steroidal MRAs. It can be used independently of BT normally used
in the treatment of hyperglycemia or hypertension. Finerenone
slows CKD progression and reduces CV morbidity and mortality
in patients with CKD associated with T2D.9,10
Two complementary randomized clinical trials, FIDELIO-Diabetic
Kidney Disease (FIDELIO-DKD)9 and FIGARO-DKD,10 examined the
impact of finerenone therapy on kidney and CV outcomes in patients
with T2D associated with CKD in different, but overlapping, populations across various disease severity. The FIDELITY analysis was
based on a prespecified pooling of these trials to provide robust
estimates of the safety and efficacy of finerenone compared with
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placebo.8 Based on the FIDELITY results, on top

FIGURE 1. The Structure of the FINE-CKD Modela

of the maximum tolerated renin–angiotensin
system inhibitor (RASi) treatment, finerenone

NO CV EVENT

showed substantial benefits for a range of CV
and renal outcomes.11

CV EVENT

CKD 1/2

CKD 1/2

The FINE-CKD model was developed to
estimate the cost-effectiveness of finerenone
in patients with CKD and T2D using data from

CKD 3

Dialysis

CKD 3

Dialysis

CKD 4

Transplant

CKD 4

Transplant

FIDELIO-DKD. Use of finerenone in this population is intended to reduce the rate of kidney
disease progression and the risk of CV mortality
and morbidity.12 The FINE-CKD model was
adapted to apply data from the FIDELITY

CKD 5
without RRT

CKD 5
without RRT

analysis and use the full data set to compare
outcomes of finerenone with those of placebo.
The objective of this manuscript was to assess
CV EVENTS

this model by presenting results of internal and
external validation exercises comparing the

Nonfatal stroke

FINE-CKD model estimates with trial results
and outcomes from other models. The struc-

Death

ture of the FINE-CKD model and a systematic
literature review of existing economic models

Nonfatal MI
Hospitalization for HF

for CKD was described in detail elsewhere.12

Methods
The FINE-CKD Model
The FINE-CKD model used a Markov modeling

CKD, chronic kidney disease; CV, cardiovascular; HF, heart failure; MI, myocardial infarction; RRT, renal
replacement therapy.
a
This is a simplified schematic of the model structure reflecting CKD progression. Technically, the model
allows for transitions between any 2 CKD health states based on the FIDELIO data.

approach; the structure is presented in Figure 1.
Justification of the chosen approach and the
model structure can be found elsewhere.12

a range of outcomes comprising onset of eGFR decrease to less than

Model health states were defined according to the stage of CKD

15 mL/min, progression to dialysis, CV mortality, renal mortality,

and history of CV events. Four stages of CKD, defined according to

first and subsequent CV events, hyperkalemia, sustained eGFR

the estimated glomerular filtration rate (eGFR) as per the KDIGO

decrease of at least 40% from baseline, and new onset of atrial

guidelines, were considered: CKD stage 1/2, CKD stage 3, CKD

fibrillation/atrial flutter. Each of these was defined according to

stage 4, and CKD stage 5 without renal replacement therapy (RRT).

FIDELITY. These HRs then were used to determine probabilities

Additionally, 2 stages of ESKD were considered: dialysis and trans-

for the finerenone arm.

plant. Patients could start the model in 1 of the CKD stages without
CV events. Patients could remain in the same CKD stage or move to

External Validation With the FIDELITY Analysis

more/less advanced CKD stages and/or experience a first modeled

The objective of the external validation was to test the reliability

CV event (nonfatal myocardial infarction, nonfatal stroke, hospi-

of the model by ensuring alignment between the outcomes

talization for heart failure) or death.

predicted by the model and the FIDELITY results. The incidence

Patients’ characteristics, probabilities of a first modeled CV event,

of first modeled CV events and CV deaths, as well as the number

other nonfatal and fatal events, and CKD progression for the BT arm

of patients undergoing dialysis, were compared with those of

were modeled based upon events observed in the placebo group of

the model predictions. For each of the outcomes, a Kaplan-Meier

the FIDELITY analysis. BT probabilities were varied between CKD

curve of the observed cumulative event-free survival (EFS) was

stages and computed as an average rate per 4-month cycle to align

plotted against a cumulative EFS curve generated by the predic-

with the cycle length used in the FINE-CKD model. Hazard ratios

tions of the model.

(HRs) concerning treatment efficacy of finerenone together with

To test the null hypothesis of no difference between observed and

BT relative to BT alone were calculated based on FIDELITY data for

predicted survival curves, Guyot’s algorithm9 was used to produce
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FIGURE 2. FINE-CKD vs SHARP CKD-CVD Definitions of Model Outcomes

model described by Schlackow et al.14 For crossvalidation purposes, however, the online

FINE-CKD model

version of the SHARP CKD-CVD model was used.

SHARP CKD-CVD model

This was appropriate, because the publication
did not present results for T2D patients, the
population for whom finerenone is indicated.

CV events
• Nonfatal MI
• Nonfatal stroke
• Hospitalization for HF

CV events

In the SHARP CKD-CVD model, transitions

• Nonfatal MI
• Nonfatal stroke
• Arterial revascularization

between CKD stages, individualized renal and
CV events, and CVD risks were estimated using
5-year follow-up data of the 9270 patients with
CKD in the SHARP dataset and multivariate para-

CV death
•
•
•
•
•
•

Fatal MI
Fatal stroke
Death due to HF
Sudden cardiac death
Death due to CV procedures
Death due to other CV causes

metric survival analysis. The model includes a

CV death
• Coronary death
• Fatal stroke
• Other vascular death

CKD submodel that simulates progression of CKD
and a CVD submodel that simulates experience
of fatal and nonfatal CV events and nonvascular
death. A cohort simulation with annual cycles
was used to evaluate the outcomes. Modeling
focused on CV events and CKD progression

Renal replacement therapy
• Dialysis
• Kidney transplant

Renal replacement therapy
• Dialysis
• Kidney transplant

according to patient history. Albuminuria was
identified as a predictor of CKD progression and
had an impact on the risk of CV events; however,
as in the case of the FINE-CKD model, it was not

CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; HF, heart failure; MI,
myocardial infarction.

explicitly included in the model structure. Health
states considered by the model were CKD stage
3B, CKD stage 4, ESKD, need for dialysis, kidney
transplant, CV events, and death.

patient-level data from survival probabilities given by the model. To

For each participant, the annual risk of CV events was estimated

assess whether the modeled survival coincided with that observed

in the SHARP CKD-CVD model using survival risk equations with

in FIDELITY, investigators performed these statistical tests:

a range of baseline characteristics. Age, time since CKD diagnosis,

•

log-rank test (using tests from survival and coin packages
in R statistical software version 4.2.0),13 and the

•

Gehan-Breslow test

CVD history, and CKD status were updated annually. In each year,
participants not on RRT could progress to, or remain in, any CKD
category; transition probabilities were estimated using multivariate
multinomial logistic regression. For participants on dialysis, the
probability of receiving a kidney transplant was estimated using

External Validation With Existing Economic
Models for CKD

logistic regression.

Development of the FINE-CKD model was supported with a system-

dated internally, in several external datasets, and against existing

atic literature review of existing economic models for CKD.12

risk scores.

As stated by the authors, the SHARP CKD-CVD model was vali-

Comparison of the FINE-CKD model with other published economic

The following clinical outcomes were chosen for the comparison:

evaluations was performed. The objective of the cross-validation

CV events or CV death, CV death, and initiation of RRT (dialysis and

was to understand whether the FINE-CKD model is similar in

transplantation). Differences in outcomes were defined between

terms of methodological approach, inputs, and outcomes. Two

models (Figure 2).

of the main challenges encountered during the cross-validation

For cross-validation purposes, the patient baseline characteristics

were the different model structures and the underlying assump-

from FIDELTY were entered into the SHARP CKD-CVD model. When

tions; in addition, there was insufficient published information to

there were no data available from FIDELITY, default values from the

align the base case or to compare results with the FINE-CKD model.

SHARP CKD-CVD model were used. It was not possible to source all

Overall, the challenges meant that most identified models could

the parameters needed for the SHARP CKD-CVD model from data

not be sufficiently harmonized to adequately perform a validation

available in FIDELITY. For the validation, we reported results as

check. The exception was the SHARP CKD-CVD model, a Markov

the base case value, with ranges corresponding to minimum and
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VALIDATION OF THE FINE-CKD MODEL
maximum values of each outcome that could be obtained in the
SHARP CKD-CVD model after checking all possible values for the
model’s parameters (Table 1).
For the purposes of this validation, the results of the FINE-CKD
model were presented as cumulative event probabilities (of major

TABLE 1. Baseline Patient Characteristics for Validation
With the SHARP CKD-CVD Model
Parameter
Age, y

Values used
for validation

FIDELITY

65

64.8

CV event or CV death, initiation of RRT, and CV death) per 1000

Sex

Men

69.8% men

participants at the end of years 5 and 10. These were calculated

Race

White

68.1% White

using the Kaplan-Meier product.

Highest education
attainment

Any
postsecondary
education

N/A

Adult dependents

No

N/A

Smoking status

Never smoked

N/A

Alcohol drinker

No

N/A

The results of 2 models with different inputs were compared
considering the ranges of estimates that could be obtained using
the SHARP CKD-CVD model and confidence intervals (CIs) from
the probabilistic sensitivity analysis run in the FINE-DKD model.

Results
External Validation With the FIDELITY Analysis

Body mass index

The outcomes predicted by the FINE-CKD model reflect the inci-

Diastolic
blood pressure

dence of the first modeled CV event observed in the FIDELITY trial.

≥ 30 kg/m

31.3 kg/m2

2

Clinical factors
75-84 mm Hg

N/A

The model estimations for BT are within the range of the FIDELITY

Systolic blood pressure

130-149 mm Hg

136.7 mm Hg

CIs (Figure 3). Similar findings have been obtained for model esti-

HDL cholesterol level

0.9-1.1 mmol/L

N/A

mates of CV deaths (Figure 4) as well as the number of patients

Albumin level

3.9-4.1 g/dL

N/A

starting dialysis (Figure 5). The outcomes of the FINE-CKD model

Hemoglobin level

11.6-12.9 g/dL

N/A

for the time to first modeled CV event (Figure 6), CV death (Figure 7),

Phosphate level

3.7-4.3 mg/dL

N/A

≥ 300 mg/g

66.7% patients had
uACR ≥ 300 mg/g

and the start of dialysis (Figure 8) for finerenone plus BT vs BT
alone correspond well with the observations from the FIDELITY

uACR

analysis. This is further supported by the CIs that are determined

Disease history

by applying the lower and higher bounds of the HRs of FIDELITY

Latest CV event

to the probabilities used in the model; they also align with the CIs

Diabetes

sourced directly from the event frequencies in the study. Based on
the results of the statistical tests, the null hypothesis of no differ-

CKD stage

None

N/A

Yes

100% patients

CKD 3B

53.3% were in CKD
3 at baseline (eGFR
of 25 to < 45, 32.5%)

ence between observed and modeled curves cannot be rejected.
The estimated P values are presented in the Table 2.

CKD duration (years)

15

15.4

Diabetic
nephropathy

Diabetic retinopathy
(38.0%)
Diabetic neuropathy
(26.9%)

As reflected in the FIDELITY analysis, there were no observations of patients initiating dialysis within the first year of either

Renal diagnosis

FIDELIO-DKD or FIGARO-DKD. In the FINE-CKD model, the percycle rate of dialysis was calculated as an average across the entire
follow-up of the FIDELITY analysis; this was consistent with the
approach used involving all transition probabilities in the Markov
model. However, to better reflect the reality of FIDELITY, FINE-CKD

CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular
disease; eGFR, estimated glomerular filtration rate; HDL, high-density
lipoprotein; HF, heart failure; N/A, not applicable; uACR, urine albumin-tocreatinine ratio; y, year(s).

was able to omit transitions to dialysis for up to 1 year from the start
of the model. The validation results reported here were generated

therefore, ranges for the estimates were generated using valida-

assuming no dialysis in the model in the first year.

tion of base case inputs and testing of the following parameters:

External Validation With Existing Economic
Models for CKD
Results of the comparison with the SHARP CKD-CVD model are
presented in Table 3 for patients given standard of care alone (ie, BT
arm in the FINE-CKD model).

•

smoking status (current smoker, former smoker)

•

body mass index (BMI) (25-29 kg/m2)

•

albumin level (< 3.9 or ≥ 4.2 g/dL)

•

hemoglobin level (< 11.6 or ≥ 13 g/dL)

•

phosphate level (< 3.7 or ≥ 4.6 mg/dL)

CKD progression and CV events were assessed in the SHARP

•

urine albumin-to-creatinine ratio (< 30 or 30-300 mg/g)

CKD-CVD model using risk equations, and they varied in each cycle;

•

renal diagnosis (other known or unknown cause)
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VALIDATION OF THE FINE-CKD MODEL
Note that, although they are similar in structure, differences

TABLE 2. P Values for Statistical Tests

exist between the SHARP CKD-CVD model and the FINE-CKD model.
The SHARP CKD-CVD model restricts health states to CKD stage

Log rank
(survival package)

Test

states for those with mild CKD in stages G1/2 and G3a. Inclusion of

BT

patients with more advanced CKD in the SHARP CKD-CVD model

BT + finerenone

partially explains the higher incidence of RRT events in this model,
as shown in the results of the analyses undertaken which considered
patients with A2 uACR level (30-300 mg/g) in the SHARP CKD-CVD
model reduces the cumulative probability of RRT initiation to 93
per 1000 participants at 5 years and 324 at 10 years as shown in
Table 4. These estimates were very close to outcomes from the
FINE-CKD model. Other examples of parameters impacting esti-

GehanBreslow

First modeled CV event-free survival curves

G3b onwards, whereas the FINE-CKD model also includes health

ranges from the SHARP CKD-CVD model. For example, analyzing

Log rank
(coin package)

.600

.651

.857

.500

.550

.911

CV death-free survival curves
BT

.600

.636

.597

BT + finerenone

.600

.636

.795

Dialysis-free survival curves
BT

.100

.124

.199

BT + finerenone

.500

.492

.686

BT, background therapy, CV, cardiovascular.

mates of SHARP CKD-CVD and that could not be fully adjusted to
the FIDELITY analysis population are presented in Table 4.
The results of the FINE-CKD model are within the ranges that can

complex, a range of simplifications were applied, including omis-

be obtained from the SHARP CKD-CVD model, as seen in Table 3.

sion of including albuminuria as a modelled health state. These

Overall, the clinical progression modeled in the FINE-CKD model

simplifications have been undertaken in the FINE-CKD model for

appears aligned with the results of the SHARP CKD-CVD model.

practical reasons, and their impact on model results was assessed
via sensitivity or subgroup analysis. None of the simplifications

Discussion

applied hindered the ability to determine the cost-effectiveness of

The FINE-CKD model was developed based on the findings of a

finerenone in this indication. Differences in both model structure

systematic literature review. It is consistent with other models in

and underlying assumptions, along with published information

this area. Following good practices renders the model transparent

that proved insufficient for alignment with the models’ base case or

and reduces the uncertainty related to unnecessary complexity.

adequate comparison of results, made cross-validation with other

The application of a Markov framework appropriately allows for

published models challenging. Nonetheless, the FINE-CKD model

evaluation of the cost-effectiveness of finerenone in patients with

was compared with the SHARP CKD-CVD model due to the online

CKD associated with T2D. The authors of the present study acted

availability of version of the latter, which specifically considered

as a steering committee of clinical and health economic experts,

a subgroup of patients with T2D.

who oversaw and guided the development of this model, as well as

The SHARP CKD-CVD model was highly flexible, but differences

confirmed and validated the model methodology and all inputs and

complicated the ability to obtain the same results as in FINE-CKD for

assumptions. Reliability of the model was verified by comparing

some outcomes. For example, the SHARP CKD-CVD model predicted

predicted outcomes of the model against those of the trial data

higher incidence of renal events. This indicates that the FINE-CKD

used to develop the model (ie, the FIDELITY analysis) and cross-

model estimates are more conservative from a cost-effectiveness

validation with the SHARP CKD-CVD model.

perspective, because a higher baseline risk of such events with an

This validation exercise demonstrated concurrence between
the results of the model and of the FIDELITY analysis using stan-

advantageous treatment benefit relative to standard of care would
translate into a greater scope to offer value through treatment.

dard statistical tests. Although the model slightly overestimated

In general, however, the clinical progression modeled by the

the incidence of dialysis in the BT arm during the study follow-up,

FINE-CKD model appears to be well-aligned with the results of the

the cumulative modeled incidence of dialysis aligned well with the

SHARP CKD-CVD model. The alignment was more precise for CV

results of FIDELITY analysis after 4 years. The discrepancy in the

outcomes, although the number of patients estimated to start RRT

initial phase could be explained by the absence of dialysis cases

by the FINE-CKD model was within the possible ranges of scenario

in the first year of the FIDELITY analysis. This characteristic of the

analyses using the SHARP CKD-CVD model.

FIDELITY analysis could be addressed through a scenario available

Despite the positive results of the cross-validation, some uncer-

in the FINE-CKD model, whereby dialysis was only possible after

tainty remains, as shown by the SHARP CKD-CVD model yielding

a specified period.

wide ranges and being the only identified model sufficient for cross-

This study has a number of limitations. Although adequate

validation. Nevertheless, the results of the FINE-CKD model are at

modeling of the impact of finerenone on CKD outcomes is inherently

the lower end of the reference range in terms of initiation of RRT.
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TABLE 3. Results of Validation—SHARP CKD-CVD Model vs FINE-CKD Model, Ranges
At 5 years
Major CV
event or
CV death

Initiation
of RRT

At 10 years

CV death

Major CV
event or
CV death

FINE-CKD is not an exception. This uncerInitiation
of RRT

CV death

Cumulative probabilities per 1000 participants
SHARP
CKD-CVD
(range)

228
(150-306)

FINE-CKD
model
(95% CI)

257
(243; 272)

274
(40-411)

87
(52-129)

419
(274-536)

approach. Nevertheless, in the case of any
model, some level of uncertainty remains—and
tainty must be addressed in future health
technology assessments via a comprehensive
and exhaustive set of scenario and sensi-

667
(153-819)

234
(131-335)

tivity analyses.15 n
Acknowledgements

60
(58; 61)

90
(81; 99)

502
(476; 528)

134
(129; 137)

177
(160; 195)

CKD, chronic kidney disease; CV cardiovascular; CVD, cardiovascular death; RRT, renal
replacement therapy.

TABLE 4. Results of SHARP CKD-CVD Model—Scenario Analysis
At 5 years
Major CV
event or
CV death
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At 10 years
Major CV
event or
CV death
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conservative in the context of the model being used for costeffectiveness assessment.

Conclusions
Following recommendations from ISPOR, a model should be declared
“valid” only in the context of its future applications.15 The FINE-CKD
model is the first de novo model deemed suitable for future health
technology assessments of finerenone in patients with CKD associated with T2D. In this context, the most important requirements of
the model are transparency and an ability to adequately reflect the
available clinical data. Together, these provide a basis for reliable
extrapolation relative to the existing predictive tools.
The results of this study demonstrated that the FINE-CKD model
meets these requirements, as it uses a potentially conservative
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Geographical Variation in Kidney Function Testing
and Associations With Health Care Costs Among Patients
With Chronic Kidney Disease and Type 2 Diabetes
Keith A. Betts, PhD; Jinlin Song, PhD; Jay Elliott, PhD; Neil Warnock, MD, MS, CHCQM; Ryan Farej, BS;
Aozhou Wu, PhD; and Rakesh Singh, PhD

Introduction
Diagnosis and staging of chronic kidney disease (CKD) in patients

ABSTRACT

with diabetes should be assessed using estimated glomerular

OBJECTIVES: Clinical practice guidelines recommend at least annual

filtration rate (eGFR) and urine albumin-creatinine ratio (uACR),

testing of estimated glomerular filtration rate (eGFR) and urine albumin-

according to the Kidney Disease: Improving Global Outcomes (KDIGO)

creatinine ratio (uACR) for patients with chronic kidney disease (CKD)

2020 Clinical Practice Guideline for Diabetes Management in Chronic
Kidney Disease.1 The results of eGFR testing characterize glomerular
filtration functioning and have long been used to define the 5 CKD

and type 2 diabetes (T2D). This study assessed the adequacy of eGFR and
uACR testing in this patient population across the United States.
STUDY DESIGN: Observational real-world study

GFR (G) stages (ie, G1 [normal or high], eGFR ≥ 90 mL/min/1.73 m ;

METHODS: Adults with CKD and T2D were identified from the Optum

G2 [mildly decreased], 60 to 89 mL/min/1.73 m 2; G3 [mildly to

Clinformatics database (2015-2019). The eGFR and uACR tests were

2

severely decreased], 30 to 59 mL/min/1.73 m2; G4 [severely decreased],
15 to 29 mL/min/1.73 m ; and G5 [kidney failure], < 15 mL/min/1.73 m ).
2

2 2

The uACR measures patients’ level of albuminuria, a sensitive
indicator of morphological kidney damage or endothelial inflammation; it has also been used in defining the 3 CKD albuminuria
(A) stages (ie, A1 [normal to mildly increased], uACR < 30 mg/g;
A2 [moderately increased], 30-300 mg/g; A3 [severely increased],

assessed nationally and by state. The proportions of tested patients and
patients receiving adequate monitoring per clinical practice guidelines
were analyzed during the 1-year period after T2D and CKD diagnosis,
along with all-cause health care costs.
RESULTS: Among 101,057 adults with CKD and T2D, 94.1% had at least
1 eGFR test and 38.7% had at least 1 uACR test over 1 year. Only 20.3%
of patients had adequate uACR monitoring; this was much lower than
observed for adequate eGFR monitoring (86.6%). The eGFR testing rates

> 300 mg/g).3-5 The uACR is an important laboratory indicator of

were high across states (range, 79.5% [Colorado] to 97.3% [Alabama]);

CKD, as it reflects underlying kidney injury at an early stage in

conversely, uACR testing rates were uniformly lower and showed wider

patients with T2D, even if eGFR initially remains unaffected.5-7

variation (range, 14.0% [Maine] to 58.9% [Hawaii]). Mean annual all-cause

Thus, it is important to use both eGFR and uACR measurements
to identify CKD and characterize disease severity.
Patients with type 2 diabetes (T2D) are at higher risk of developing
diabetes in 2019, and 90% to 95% of the cases were T2D.

uACR testing rates were associated with higher health care costs at the
state level (Pearson r = –0.55; P < .01).

CKD.8,9 In the United States, there were 37 million patients with
10

health care costs were $28,636 and increased with CKD GFR stage. Lower

11

CONCLUSIONS: In the United States, uACR testing is underutilized, with
large geographical variations in testing rates noted between states. Lower
uACR testing rates were associated with higher health care costs. The

Approximately 1 of 3 patients with diabetes have kidney disease,

lack of sufficient uACR testing raises concerns about CKD management

and 20% to 30% of patients with T2D have moderate-to-severe CKD

in patients with T2D.

(ie, CKD G stages 3-5, defined as an eGFR < 60 mL/min/1.73 m2).4,12,13
These national statistics suggest that 6 million to 10 million people
in the United States have both CKD and T2D.
CKD substantially increases the risks of cardiovascular events
and mortality in the general population and those with comorbid
T2D.12-18 In addition, a high economic burden has been observed
among patients with both CKD and T2D. About 4.6% of Medicare
enrollees had both CKD and diabetes, but treatment of these individuals accounted for 7.4% of Medicare’s total expenditures. 19
In addition, a large electronic medical records study observed
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GEOGRAPHICAL VARIATION IN KIDNEY FUNCTION TESTING
that patients with both CKD and T2D had more than double the
annual mean medical costs than that of patients with CKD alone

TAKEAWAY POINTS

($17,333 vs $7374, respectively, during 2016-2017); hospitalization

This study assessed testing adequacy of estimated glomerular
filtration rate (eGFR) and urine albumin-creatinine ratio (uACR) in
patients with chronic kidney disease (CKD) associated with type 2
diabetes (T2D) in the United States.

was the major driver of expenditures.20 In 2019, the mean annual
all-cause health care costs for patients with CKD and T2D in this
study escalated with rising CKD G stage, totaling $10,783 at stage
G3a, $15,075 at stage G3b, $27,020 at stage G4, and $62,853 at stage
G5.20 Similarly, a US claims database analysis reported that patients
with T2D and CKD incurred escalating annual health care costs and
higher hospitalization rates that correlated with more severe stages
of CKD according to both CKD G and CKD A stages.21

• Despite the recommendation of annual testing for eGFR and
uACR in patients with CKD and T2D per clinical guidelines, uACR
undertesting was common nationally and across states, with
large geographical variations in testing rates.
• Lower uACR testing rates were associated with higher health
care costs at the state level.
• The lack of sufficient uACR testing raises concerns about CKD
management in this population.

The high prevalence and massive health care and economic
burdens associated with CKD and T2D emphasize the importance

verified and adjudicated medical and pharmacy claims. As the data

of early detection, adequate monitoring, and effective disease

were de-identified, no institutional board review was required.

management. Thus, a major treatment goal is the prevention
of disease progression by forestalling additional loss of kidney

Study Population

function and/or slowing albuminuria progression to reduce

The study population was composed of adults (age on the index

complications and costs.22 The American Diabetes Association,

date [defined below], ≥ 18 years) with CKD and T2D between January

American Society of Nephrology, KDIGO, and the Kidney Disease

2015 to December 2019. Patients with T2D were identified using

Outcomes Quality Initiative advocate targeted screening of eGFR

diagnostic codes and medications for T2D (eAppendix Table 1

and albuminuria in high-risk populations, including patients with

[eAppendix available at ajmc.com]) based on a modified version of

diabetes. 1,23-26 After diagnosis, timely testing and adequate moni-

the Electronic Medical Records and Genomics algorithm.34 Patients

toring are needed to guide effective interventions that improve

with diagnosis codes for type 1 and other categories of diabetes

clinical outcomes and reduce health care costs by slowing CKD

were excluded. Patients with CKD were defined as those with at

progression.22,27-29 For these reasons, clinical practice guidelines

least 1 inpatient or at least 2 outpatient claims on distinct dates

recommend that both eGFR and albuminuria be measured at least

with diagnosis codes for CKD (eAppendix Table 1).

annually in patients with CKD and more frequently in those at
advanced stages of the disease.1,23

The study period was the 1-year span after the first (index) date
when both the CKD and T2D definitions were met. Patients eligible

Despite the importance of identifying and managing albumin-

for inclusion were required to have full continuous insurance enroll-

uria, insufficient testing of uACR has been noted in patients with

ment during the 1-year study period. Patients with end-stage kidney

T2D.

However, this has not been well evaluated in patients

disease (ESKD; on dialysis or prior kidney transplantation) before

with CKD and T2D, in whom albuminuria is prevalent. In addition,

the index date or during the study period were excluded from the

7,30-33

neither variations in testing adequacy across the United States in

study sample, as their testing requirements differed from those of

T2D and CKD nor the economic burdens associated with inadequate

patients with CKD stages G1 to G5.

testing have been studied. To address these knowledge gaps and
inform clinical practice and health care resource allocation, the

Testing for eGFR and uACR

geographical variations in uACR and eGFR testing and the asso-

The eGFR tests were identified using serum creatinine laboratory

ciated all-cause health care costs were evaluated among patients

tests, and uACR tests were identified using urine albumin tests

with CKD and T2D in the United States.

and urine creatinine tests obtained on the same day (test codes

Methods
Data Source

patients who received ≥ 1 test during the 1-year follow-up period),

are listed in eAppendix Table 1). Testing rate (ie, the proportion of
testing frequency, and monitoring adequacy (ie, the proportion

This retrospective cohort study used anonymized patient-level data

of patients who had adequacy testing per CKD G stage) during the

from the Optum Clinformatics database spanning January 2015

1-year study period were assessed.

to December 2019. This claims database is a single-payer source

Adequate monitoring was defined by CKD G stage, which was

of administrative health claims from enrollees across all of the

derived based on the KDIGO clinical guidelines.3 Specifically, on an

United States; it includes over 51 million commercial health plan

annual basis, at least 1 measurement of eGFR and at least 1 measure-

beneficiaries and Medicare Advantage enrollees. Administrative

ment of uACR are recommended for CKD stages G1 and G2, at least

claims contained comprehensive, longitudinal information from

2 measurements of eGFR and at least 2 measurements of uACR are
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FIGURE 1. Sample Selection Flowchart for US Patients With CKD
and T2D (2015-2019)

recommended for CKD stage G3, at least 3 measurements of eGFR
and at least 3 measurements of uACR are recommended for CKD
stage G4, and at least 4 measurements of eGFR and at least 4 measure-

Patients with T2D
N = 2,012,394

Patients with CKD
N = 1,184,095

ments of uACR are recommended for CKD stage G5. Testing performed
less frequently than recommended by the most recent KDIGO
clinical guidelines3 for the CKD stage were considered inadequate.

Patients with CKD and T2D
n = 345,038

Total Health Care Costs
Total health care costs, including medical (ie, inpatient, outpatient,

Patients aged ≥ 18 y on the index date
n = 216,334

emergency department visits, and other costs) and pharmacy
expenditures, were assessed for each state during the study period.
All costs were calculated based on a US payer’s perspective and were

Patients with 1 y of continuous
enrollment after the index date
n = 104,346

inflated to 2020 US dollars using the medical care component of
the Consumer Price Index.35

Statistical Analyses
Patients without ESKD, dialysis,
or kidney transplantation
Final sample: n = 101,057

Descriptive analyses were performed for patient characteristics
(ie, age, race/ethnicity, and CKD G stage) as well as uACR and eGFR
annual testing rates (ie, proportion of patients undergoing ≥ 1 test),
annual testing frequencies, annual monitoring adequacy, and the

CKD, chronic kidney disease; ESKD, end-stage kidney disease; T2D, type 2
diabetes; y, year(s).

annual total all-cause health care costs by state. Means and standard deviations (SD) were presented for continuous variables, and
frequency counts and percentages were reported for categorical vari-

TABLE 1. Baseline Characteristics of US Patients With CKD
and T2D (2015-2019)
Patient
characteristics

No. (%)a of patients with CKD and T2D
(N = 101,057)

ables. Subgroup analyses were conducted by age group (< 55 years,
55 to < 65 years, 65 to < 75 years, and ≥ 75 years), race/ethnicity group
(White, Black, Asian, and Hispanic patients), and CKD G stages. Heat
maps were generated to demonstrate the variation in testing rate,
monitoring adequacy, and annual total health care costs across

Age, y
5942 (5.9)

states. A Pearson correlation (r) was estimated for the cost-uACR

55 to < 65

14,100 (14.0)

testing rates association at the state level. States contributing less

65 to < 75

42,780 (42.3)

≥ 75

38,235 (37.8)

< 55

Race/Ethnicity
White

56,372 (55.8)

Black

16,807 (16.6)

Asian

3088 (3.1)

than 200 patients were excluded from the state-level cost analyses.
A P value of less than .05 indicated statistical significance.
SAS version 9.4 (SAS Institute Inc) was used for all statistical
analyses. The heat maps were generated in R software version 3.6.3
(The R Foundation).

Results

Hispanic

12,218 (12.1)

Patient Characteristics

Unknown

12,572 (12.4)

A total of 101,057 US adults with both CKD and T2D were included

Stage 1

4070 (4.0)

Table 1. The majority of patients in the sample were aged at least 65

Stage 2

16,616 (16.4)

years (80.1%), and 55.8% were White individuals. At the index date,

Stage 3

54,609 (54.0)

78.8% (n = 79,624) of patients had a diagnosis record indicating their

Stage 4

4087 (4.0)

in the study (Figure 1). Patient baseline characteristics are listed in

CKD G stage

Stage 5

242 (0.2)

Unknown

21,433 (21.2)

CKD, chronic kidney disease; G, glomerular filtration rate category; T2D, type
2 diabetes; y, year(s).
a
% may not add up to 100% due to rounding.
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CKD G stage. Among them, 5.1% were in CKD stage G1, 20.9% were
in stage G2, 68.6% were in stage G3, and 5.4% were in stage G4 or G5.

Testing Patterns
National patterns. During the 1-year study period, the eGFR testing
rate (ie, the proportion of patients with ≥ 1 test over a 1-year follow-up

GEOGRAPHICAL VARIATION IN KIDNEY FUNCTION TESTING
period) was 94.1% (n = 95,101), and the average

FIGURE 2. Testing Rates (A) and Monitoring Adequacy (B) of eGFR Across US States

annual testing frequency was 4.2 (SD, 4.0) tests.
The proportion of patients with adequate eGFR
monitoring was 86.6% (n = 68,937). For uACR,
the testing rate was 38.7% (n = 39,092), and the
average annual testing frequency was 0.6 (SD,
0.9) tests. Only 20.3% (n = 16,161) of patients

A. eGFR testing rates
Proportion of
patients with
eGFR tests

had adequate uACR monitoring.

100%

The subgroup analyses were generally consis-

80%

NDa

MTa
OR

ID
WYa

90%

Patterns by age, racial group, and CKD stage.

ME

WA
MN
WI

SDa

NV

UT

CO

and low uACR testing rates observed across

70%

age and racial/ethnic subgroups (eAppendix

60%

AZ

IL

OK

NM

50%

GA

AL

FL
AKa

Table 3), whereas the proportion of patients

HI

with adequate eGFR monitoring based on

PRa

KDIGO guidelines was lower among patients
compared with those with less advanced stages

NC
SC

LA

Table 2). The eGFR testing rates were consis-

with higher CKD G stages (58.3% in stage G5)

KY
TN
MS

tently high across CKD G stages (eAppendix

OH

IN

AR

TX

NJ
DEa
a
DCMD
WVa VA
PA

MO

KS

tent with the national results, with high eGFR

MI

IA

NE

CA

VT
NH
NY MA
CT RI

B. eGFR monitoring adequacy

(90.0% in stage G1), as higher stages required
more frequent monitoring. The uACR testing
rates were generally very low across all CKD
G stages. Particularly, substantially lower
proportions of adequate uACR monitoring

Proportion of
patients with
adequate eGFR
monitoring

ME

WA
OR

ID
WYa

100%

were observed among patients with higher
CKD G stages (stage G4, 5.8%; stage G5, 2.5%).

90%

NDa

MTa

NV
CA

MN
WI

SDa

CO

State-level patterns. The eGFR and uACR testing

AZ

70%

rates and monitoring adequacy by state are
displayed as heat maps in Figure 2 (eGFR) and

NM

50%

were high across states, ranging from 79.5%

OH

IN

MO

KY

NC
SC

TN

AR

MS AL
TX

60%

Figure 3 (uACR). Overall, the eGFR testing rates

OK

NJ
DEa
a
DCMD
WVa VA
PA

IL

KS

80%

MI

IA

NE
UT

VT
NH
NY MA
CT RI

GA

LA
FL

AKa
HI

(Colorado) to 97.3% (Alabama); monitoring

PRa

adequacy was highest in southeastern states
and lowest in midwestern states. Conversely,
the uACR testing rates were much lower and
displayed larger variations. The 3 states with the

eGFR, estimated glomerular filtration rate.
a

Indicates states or territories with insufficient numbers of observations (< 100)

highest uACR testing rates were Hawaii (58.9%),
Utah (53.1%), and Washington (52.6%); the states with the lowest uACR

from $20,122 in stage 1 (n = 4070) to $38,072 in stage 5 (n = 242,

testing rates were Maine (14.0%), Arkansas (19.8%), and Minnesota

excluding patients with ESKD). The high health care costs were

(20.1%). Overall, the central and midwestern states had the lowest

largely driven by inpatient costs ($12,032), which accounted for

uACR testing rates. The proportion of patients with adequate testing for

42% of the total annual health care costs, followed by outpatient

uACR was lowest in Minnesota (7.1%) and highest in Florida (30.9%).

costs ($9923) and pharmacy costs ($5391).
Large geographical variations in health care costs were observed

Economic Burden

across states (Figure 4A). After excluding states with small sample

Among the 101,057 patients with CKD and T2D, the average annual

sizes (ie, n < 200), the 3 states with the highest health care costs

health care costs were $28,636. Costs increased with CKD severity,

were Illinois ($35,995), Kentucky ($34,245), and Oklahoma ($33,557);
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FIGURE 3. Testing Rates (A) and Monitoring Adequacy (B) of uACR Across US States

and eGFR testing patterns nationally and across
US states; it also delved into the relationship
between testing rates and all-cause health care

A. uACR testing rates

costs. Nationally, eGFR testing rates were high
Proportion of
patients with
UACR tests
60%

for this patient population—94.1% received
ME

WA
NDa

MTa
OR

ID
WYa

WI
IA

NE

NV

45%

MN

SDa

UT

CA

CO

30%
AZ

IL
MO

KS
OK

NM

AR

VT
NH
NY MA
CT RI
MI
PA NJ
DEa
a
OH
DCMD
IN
WVa VA
KY
NC
TN
SC

MS

15%

TX

states (79.5%-97.3%). In contrast with the eGFR
testing patterns, the rates for uACR testing
were low nationally (38.7% had ≥ 1 test) and had
larger variations between states (14.0%-58.9%).
Albuminuria, measured by the uACR tests,
of patients with CKD associated with T2D.1,4,7

LA

An elevated uACR is an independent predictor of

FL

0%

testing—with moderate variation noted across

plays an important role in the management

GA

AL

at least 1 test, and 86.6% received adequate

AKa

poor cardiovascular outcomes and is associated
with higher morbidity and risk of mortality.32,33

HI

However, despite the importance of controlling

PRa

albuminuria in patients with CKD associated
with T2D,25 inadequate uACR testing was ubiq-

B. uACR monitoring adequacy

uitous. Previous studies have reported low rates
of uACR screening or testing among patients

Proportion of
patients with
adequate UACR
monitoring

ME

WA
MT
OR

ND

ID
WYa

60%
NV
CA

45%
30%

MN
WI

SDa

AZ

CO

OK

OH

IN

MO

KY

NC
SC

TN

AR

MS AL
TX

15%

NJ
DEa
a
DCMD
WVa VA
PA

IL

KS

NM

MI

IA

NE
UT

VT
NH
NY MA
CT RI

a

a

GA

also found that uACR was largely undertested
despite clinical practice guideline recommendations.30,31 The severe undertesting of uACR
observed in this study and others raises concerns
about management of these patients, especially

FL

0%

investigations assessing CKD monitoring in a
T2D population with a previous CKD diagnosis

when the observed association between a low

LA

AKa

with T2D who are at risk of developing, but who
have not yet received a diagnosis of, CKD. Other

uACR testing rate and higher state-level health
care costs are considered.

HI

As changes in albuminuria are predictive
PRa

for CKD progression, treatment decisions made
in the absence of uACR testing data may delay

uACR, urine albumin-creatinine ratio.
a

Indicates states or territories with insufficient numbers of observations (< 100)

proper treatment and, in turn, lead to higher
health care costs due to CKD progression.36 On
the other hand, timely initiation of treatments

the states with the lowest health care costs were Hawaii ($21,003),

that control elevated albuminuria can improve disease outcomes

Arizona ($22,052), and Utah ($22,631). No clear relationship between

and potentially lower downstream health care costs. Recent clinical

costs and eGFR testing rates was observed (Pearson r = 0.27; P = .09),

practice guidelines recommend reduction in albuminuria as a ther-

whereas higher costs were correlated with lower uACR testing rates

apeutic target.23-26,37 For example, angiotensin-converting enzyme

(Pearson r = –0.55; P < .01) (Figure 4B).

inhibitors or angiotensin II type 1 receptor blockers yield significant
kidney and cardiovascular protective effects, reducing the risk of

Discussion

ESKD and costly dialysis or kidney transplantation in patients with

Using real-world data from patients with CKD and T2D in a large

CKD, albuminuria, and T2D.38,39 Finerenone and SGLT2 inhibitors

US administrative claims database, this study characterized uACR

also demonstrate clinical benefits in preventing cardiovascular
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FIGURE 4. Average Total Annual Health Care Costs (a) Across US States and (b) Relative to uACR Testing Rates (2020 USD)

A. Average annual health care costs across states
Proportion of
patients with
adequate eGFR
monitoring
100%

NDa
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WI
IA
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CA

70%
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PA NJ
a
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DCa DE
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IN
WVa VA
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TN
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MS AL

60%
50%

MN

SDa

WYa

90%
80%

ME

WA

TX

GA

LA
FL

AKa
HI
PRa

B. Average annual health care costs relative to uACR testing rates across states
$40,000
Pearson r = –0.55
(P < .01)
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Average annual health care costs

$35,000
ME
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KY
NE

$30,000
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WI
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AL
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MN
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NC
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TX
NJ

$25,000
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CA

ID
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FL
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UT
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$20,000

$15,000
0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

uACR testing rate
uACR, urine albumin-creatinine ratio; USD, United States dollars.
a

States with less than 200 patients, which were not included due to small sample size
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events, slowing the progression of kidney disease, and reducing

group of patients (n = 242) with CKD stage G5 who did not have

risk of death in patients with CKD and T2D.40-43 The present find-

evidence of ESKD were included. Thus, this may not be a repre-

ings emphasize the need to monitor patients with CKD adequately

sentative sample of all patients with CKD stage G5. Third, because

to reduce health care costs and improve patient outcomes through

of the ecological study design, potential confounding may exist

early detection of progression and prompt treatment initiation.
Furthermore, the low rates of uACR testing in the United States

and mitigate findings, particularly for the relationship between
kidney function testing patterns and economic outcomes. Finally,

suggest that there may be barriers to adequate testing.7 Unlike eGFR,

the study results cannot be used to directly infer the underlying

which is calculated using serum creatinine level included in the

reasons for inadequate uACR testing. To improve CKD manage-

basic metabolic panel for blood tests, uACR results are specific to

ment and awareness of ideal patient monitoring, future studies

kidney disease and found via a urine test.44 Therefore, the low uACR

are warranted to assess contributing factors to low rates of uACR

testing rate could be due to infrequent visits to a nephrologist or

testing and to inform policy-making.

low awareness of the importance of urine testing and uACR among
patients and clinicians of other specialties.45 Inadequate testing

Conclusions

of albuminuria in T2D may lead to underdiagnosis of CKD, conse-

Among US patients with both CKD and T2D, severe undertesting

quently limiting patient awareness of CKD.46 According to a survey

for uACR was observed nationally and across all states, and large

of US adults with CKD by Dharmarajan et al, only 15% of individuals

geographical variations in testing rates were revealed. Lower uACR

with diabetes reported being aware of their CKD status.47 Of note,

testing rates were associated with higher state-level health care

the present study observed lower uACR testing rates in the central,

costs. This lack of sufficient uACR testing raises concerns about

and predominantly rural, United States. As reported in a study by

the management of CKD in patients with T2D. n

Naylor et al, individuals in these regions may have relatively lower
access to health care resources, and particularly to specialists, when
compared with those in the rest of the United States.45
This study benefits from several strengths. First, a large US claims
database (Optum Clinformatics) was used to assess the testing
patterns and health care costs for patients with CKD and T2D. The
extensive dataset permitted both a large study sample covering
all US geographical regions and the construction of subgroups for
more detailed analyses. Second, in addition to eGFR testing, this
study evaluated the patterns and adequacy of uACR testing in the
CKD and T2D population across US states, which is an understudied
area. The results suggested unmet needs in the management and
monitoring of this patient population, which could inform clinical
practice. Finally, we characterized the economic burden of CKD
across US states and its association with both eGFR and uACR
testing, which could inform health care resource allocation or
promote costs savings by increasing awareness.

Limitations
Despite these strengths, the results of this study should be considered in the light of its limitations. First, as with all claims database
analyses, medical services and laboratory tests obtained outside a
patient’s plan were not captured. Further, coding inaccuracy and
errors may have led to misclassifications of patients identified based
on diagnostic codes; in particular, this may pertain to information
on CKD G stage. Similarly, kidney function tests identified based on
test codes may be subject to nondifferential measurement error. To
address this limitation, 2 outpatient CKD diagnoses were required
to reduce potential errors. Second, the study excluded patients with
ESKD (dialysis or had kidney transplantation), whereas a small
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eAppendix: Geographical Variation in Kidney Function Testing and Associations With Health Care Costs Among Patients
With Chronic Kidney Disease and Type 2 Diabetes
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From a supplement to The American Journal of Managed Care®: “Variations in Managing Chronic Kidney Disease Associated With Type 2 Diabetes
Across the United States and Validation of the FINE-CKD Model for Future Health Technology Assessments of Finerenone.”

eAppendix Table 1. Diagnostic Codes and Test Codes Used in the Study
Diagnostic codes
Type 2 diabetes
Other types of diabetes (for exclusion)
Type 1 diabetes
Diabetes due to underlying conditions
Chemical induced diabetes
Other specified diabetes
Chronic kidney disease (CKD)
Stage G1
Stage G2
Stage G3
Stage G4
Stage G5
Unspecified
Diabetic CKD (type 2 diabetes)
Hypertensive CKD
Anemia in CKD
Test codes

eGFR (serum creatinine)

uACR
Urine albumin
Urine creatinine

ICD-9-CMa
250.x0, 250.x2 (excluding 250.10 and 250.12)

ICD-10-CMa
E11 (excluding E11.1)

250.x1, 250.x3
249

E10
E08
E09
E13

585.1
585.2
585.3
585.4
585.5
585.9
250.40, 250.42
403, 403.00, 403.01, 403.10, 403.11, 403.90, 403.91,
404, 404.00, 404.01, 404.02, 404.03, 404.10, 404.11,
404.12, 404.13, 404.90, 404.91, 404.92, 404.93
285.21
CPT
82565 Creatinine, serum; eGFR calculation
80053 Comprehensive metabolic panel
80048 Basic metabolic panel (calcium, total)
80069 Renal function panel
80047 Basic metabolic panel (calcium, ionized)
82575 Creatinine, clearance

N18.1
N18.2
N18.3
N18.4
N18.5
N18.9
E11.22
I12, I12.0, I12.9,
I13, I13.0, I13.1, I13.2, I13.10, I13.11
D63.1

82043 Albumin: urine, microalbumin, quantitative
82570 Creatinine, other source
82575 Creatinine, clearance

CKD, chronic kidney disease; CPT, Current Procedural Terminology; eGFR, estimated glomerular filtration rate; ICD-9/10-CM, International
Classification of Diseases, 9th/10th edition, Clinical Modification; uACR, urine albumin-creatinine ratio.
a

ICD-9-CM codes are available from: https://www.cms.gov/Medicare/Coding/ICD9ProviderDiagnosticCodes/codes. ICD-10-CM codes are
available from: https://www.cms.gov/Medicare/Coding/ICD10/ICD-10Resources.
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eAppendix Table 2. eGFR and uACR Testing Rates, Testing Frequency, and Monitoring Adequacy Among Age and
Race/Ethnicity Subgroups

Subgroups

Age, y
< 55
55 to < 65
65 to < 75
≥ 75
Race/
Ethnicity b
White
Black
Asian
Hispanic

No. of
patients (%)

Patients having eGFR testing

Patients having uACR testing

≥ 1 test, n (%)

Annual test
frequency,
mean (SD)

Adequate eGFR
monitoring,
n (%)a

≥ 1 test, n (%)

Annual test
frequency,
mean (SD)

Adequate uACR
monitoring,
n (%)a

N = 101,057
5,942 (5.9)
14,100 (14.0)
42,780 (42.3)
38,235 (37.8)

5,257 (88.5)
13,019 (92.3)
40,623 (95.0)
36,202 (94.7)

3.5 (4.4)
4.0 (4.2)
4.2 (3.8)
4.3 (3.9)

3,301 (83.1)
9,011 (84.8)
30,146 (87.8)
26,479 (86.3)

2,378 (40.0)
5,538 (39.3)
17,699 (41.4)
13,477 (35.2)

0.6 (0.9)
0.6 (0.9)
0.6 (0.9)
0.5 (0.8)

1,088 (27.4)
2,398 (22.6)
7,710 (22.5)
4,965 (16.2)

N = 88,485
56,372 (63.7)
16,807 (19.0)
3,088 (3.5)
12,218 (13.8)

53,346 (94.6)
15,980 (95.1)
2,863 (92.7)
10,846 (88.8)

4.2 (4.1)
4.3 (4.0)
3.5 (3.5)
3.5 (3.4)

38,246 (86.9)
11,608 (87.8)
1,955 (84.2)
7,933 (81.9)

21,362 (37.9)
6,074 (36.1)
1,541 (49.9)
4,974 (40.7)

0.5 (0.8)
0.5 (0.9)
0.8 (1.1)
0.6 (0.9)

8,218 (18.7)
2,504 (18.9)
720 (31.0)
2,523 (26.0)

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; SD, standard deviation; uACR, urine albumin-to-creatinine ratio; y,
year(s).
a

Monitoring adequacy was assessed only among patients with known CKD stages (n = 79,624 in the age subgroup analysis and n = 69,232 in the
race/ethnicity subgroup analysis).
b

Patients with missing race (n = 12,572 [12.4%]) were not included in the analysis.
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eAppendix Table 3. eGFR and uACR Testing Rates, Testing Frequency, and Monitoring Adequacy by CKD G Stage
T2D + CKD

T2D + CKD
stage G1

T2D + CKD
stage G2

T2D + CKD
stage G3

T2D + CKD
stage G4

T2D + CKD
stage G5a

N = 101,057

n = 4,070

n = 16,616

n = 54,609

n = 4,087

n = 242

eGFR
Presence of ≥ 1 eGFR test, n (%)
Annual eGFR test frequency, mean (SD)

95,101 (94.1)
4.2 (4.0)

3,662 (90.0)
3.3 (3.5)

15,474 (93.1)
3.7 (3.5)

52,128 (95.5)
4.5 (4.1)

3,957 (96.8)
5.7 (5.0)

229 (94.6)
5.2 (4.1)

Adequate eGFR monitoring, n (%) b

68,937 (86.6)

3,662 (90.0)

15,474 (93.1)

46,419 (85.0)

3,241 (79.3)

141 (58.3)

uACR
Presence of ≥ 1 uACR test, n (%)
Annual uACR test frequency, mean (SD)

39,092 (38.7)
0.6 (0.9)

1,693 (41.6)
0.6 (0.9)

6,947 (41.8)
0.6 (0.9)

21,829 (40.0)
0.6 (0.9)

1,427 (34.9)
0.6 (1.0)

67 (27.7)
0.5 (1.0)

Adequate uACR monitoring, n (%) b

16,161 (20.3)

1,693 (41.6)

6,947 (41.8)

7,279 (13.3)

236 (5.8)

6 (2.5)

Kidney function test

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; G stage, glomerular filtrate rate category; SD, standard deviation; T2D,
type 2 diabetes, uACR, urine albumin-to-creatinine ratio.
a

Patients with end-stage kidney disease, including those who were on dialysis or who had kidney transplant, were excluded from the study.

b

Monitoring adequacy was assessed only among patients with known CKD G stages.
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