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Can billing codes accurately identify rapidly
progressing stage 3 and stage 4 chronic
kidney disease patients: a diagnostic test
study
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Abstract

Background: The International Classification of Diseases (ICD) coding system is the industry standard tool for billing,
disease classification, and epidemiology purposes. However, ICD codes are often not assigned or incorrectly given,
particularly among Chronic Kidney disease (CKD) patients. Our study evaluated the diagnostic accuracy of CKD-staging
ICD codes among CKD patients from a large insurer database in identifying individuals rapidly progressing towards
end-stage renal disease (ESRD).

Patients and methods: Serial observations including outpatient serum creatinine measurements collected from 2007
through 2014 of 216,529 patients were examined. The progression of CKD using a serum creatinine based longitudinal
mixed-model was contrasted with that documented by CKD-staging ICD codes. Rapid progressors, defined as those
with yearly estimated glomerular filtration rate (eGFR) loss greater than 4ml/min/1.73m2) were identified. The diagnosis
of CKD using eGFR was also compared to diagnosis using a set of CKD related ICD codes.

Results: Of 10,927 clinically identified CKD patients qualifying for inclusion in the progression analysis, 323 were clinically
identified as rapid progressors. CKD-staging ICD codes identified 83 of these, for a sensitivity of 25.7% with positive
predictive value (PPV) of 13.74%, and specificity 95.09% with negative predictive value (NPV) of 97.68%. Of 28,762
laboratory-confirmed CKD patients, 9249 had a qualifying ICD code, for a sensitivity of 16% with PPV of 63.10%; Of 187,
767 patients with laboratory-confirmed absence of CKD, 182,359 also did not have a qualifying ICD code, for a specificity
of 97.12% with NPV of 90.33%.

Conclusion: This study depicts the novel finding that ICD-codes display poor capacity to identify rapidly progressing
CKD patients when compared to gold standard eGFR measures, and further demonstrates the limitations of coding in
CKD diagnosis. This analysis further defines the limitations of ICD codes in addressing diagnosis of disease severity or
disease progression for clinical or epidemiological purposes.
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Background
The International Classification of Diseases (ICD) coding
system is the standard tool used by physicians, re-
searchers, insurance providers, and administrators to clas-
sify diseases for clinical and epidemiological purposes.
Information derived from ICD codes provides the basis of
mortality and morbidity statistics that inform the medical
community of the burden of disease on the population;
such data serves a vital role in determining resource allo-
cation and related medical policy. Insurance providers also
use ICD codes as a basis for reimbursement [1].
Consequently, ensuring that reported ICD codes ac-

curately reflect patient diagnoses is of critical import-
ance to the entire medical community.
However, studies designed to examine the agreement

of ICD coding with gold-standard clinical markers have
shown mixed accuracy of ICD codes depending on dis-
ease. Coding accuracy in conditions such as cardiovascu-
lar diseases, stroke, or pneumococcal pneumonia is
generally accurate, unlike that of Chronic Kidney Dis-
ease (CKD) [2–4]. Deficiency of ICD codes in identifying
CKD patients and their stage of disease is well described,
with other studies reporting low sensitivities and high
specificities [5, 6]. These studies, however, are typically
based on inpatient data, leaving the more reliable out-
patient data insufficiently examined.
The United States Renal Disease System (USRDS) esti-

mates that over thirty-million Americans are affected by
CKD, yet fewer than 800,000 have progressed to end
stage renal disease (ESRD) [7]. Precise diagnosis of rap-
idly progressing CKD patients is of critical importance.
Such patients benefit from targeted care aimed at maxi-
mizing therapy available to delay onset of ESRD. ICD
codes are already used to mark CKD staging, and exam-
ination of a patient’s coding history may reveal whether
the patient is rapidly progressing towards ESRD. How-
ever, to date, no attempt to correlate clinically-based
measures of progression to ICD-code indicated progres-
sion has been made.
This research examines the accuracy of ICD-9-CM

coding in relation to progression of CKD using a large
third party medical insurer’s claims data, consisting of
several years of serial observations on 1.3 million pa-
tients. Several CKD associated codes were examined
against “gold-standard” clinical markers for diagnosis of
CKD to determine if CKD coding remains inadequate in
identifying patients.

Methods
The data analyzed originated from a large third party in-
surer serving the Western New York and Albany regions
of New York State. Comprising of nearly 1.3 million pa-
tients over a 10-year period from 2007 through 2017,
this database has been used in examining the CKD

patients within this sample [8]. Patients with CKD were
identified using estimated glomerular filtration rate
(eGFR) calculated using the CKD-EPI equation and
measured serum creatinine values [9]. Using a unique
patient identifier and observation dates, these eGFR
values were linked to diagnostic ICD codes where avail-
able. ICD-9-CM codes were considered from 2007
through 2014, and ICD-10-CM codes from 2016
through 2017. To avoid potential issues related to transi-
tion from ICD-9 to ICD-10, the 2007–2014 and 2016–
2017 data was analyzed separately, and the transition
year 2015 was excluded.
Patients with serum creatinine measures, age and gen-

der had eGFR values calculated. Due to the absence of
racial data, patients were assumed to be white for calcu-
lation of eGFR (see discussion of limitations below).
Those individuals with two eGFR measures of less than
60ml/min/1.73m2 at least 9 days apart, with no inter-
vening measurement greater than 60ml/min/1.73m2,
were identified by their eGFR as stage-3, stage-4, or
stage-5 CKD cases, according to interpretation of Kidney
Disease Outcomes Quality Initiative (KDOQI) guide-
lines. Incident and prevalent cases of CKD were in-
cluded. Note that limited lab values precluded
albuminuria-based diagnosis of stage 1 and stage 2 CKD.
Individuals with laboratory-confirmed CKD are referred
to as eGFR-CKD.
ICD-9-CM codes were used to identify patients who

were diagnosed with CKD. The following code groups
were considered: Chronic Renal Failure (403.11, 404.12,
404.13, 404.92, 404.92, 585, 585.1, 585.2, 585.3, 585.4,
585.5, 585.6, 585.9, 586, 587), Diabetic nephropathy (250.4,
250.40, 250.41), and systemic disease causing CKD (203.0,
277.3, 287.0, 446.0, 446.2, 446.4, 446.6, 710.0, 710.1). ICD-
10-CM codes for chronic kidney disease (N18.1, N18.2,
N18.3, N18.4, N18.5, N18.6, N18.9) were considered. Pa-
tients with at least one occurrence of any listed code were
considered ICD-CKD. Thus, the total sample includes pa-
tients with and without laboratory-confirmed CKD, as well
as patients with and without ICD-CKD.
Among eGFR-CKD patients, a longitudinal mixed

model analysis was used to model eGFR over time [10].
Patients who experienced a yearly loss of eGFR of greater
than 4ml/min/1.73m2 were considered rapid progressors
[11, 12]. Clinical evidence of onset of CKD-stage 3 or
stage 4 was considered baseline, and patient observations
were included until CKD-stage 5 or ESRD treatment initi-
ation. Patients not having at least 3 years of follow-up data
or five observations were excluded from analysis. Time,
measured in quarter-year increments, was included as a
fixed effect with a random intercept and a random time
effect additionally was included.
From this model, Estimated Best Linear Unbiased Pre-

dictors (EBLUPs) were categorized according to their
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slope into those who experience rapid progression and
those who do not [13]. An individual was determined to
be a rapid progressor by ICD-code if the patient had at
least two staging codes (585.3, 585.4, 585.5) that indi-
cated increasing disease severity. Thus, each patient in
the progression analysis was assigned an eGFR (eGFR-
progressor) and ICD (ICD-progressor) indicator of being
a rapid progressor or not.
Descriptive statistics regarding the portion of the sam-

ple showing signs of comorbidities, as well as gender
and age > 65 were generated for the overall sample,
eGFR-CKD sample, the ICD-CKD sample, as well as the
sample considered for progression analysis.
Assessment was made of the accuracy of ICD-CKD to in-

dicate eGFR-CKD with estimates and 95% confidence inter-
vals for sensitivity (#true positives/[#true positives + #false
negatives]), specificity (#true negatives/[#true negatives +
#false positives]), positive predictive value (PPV; #true posi-
tives/[#true positives + #false positives]) and negative pre-
dictive value (NPV; #true negatives/[#true negatives + #false
negatives]) rates. These quantities are collectively referred to
as “performance measures” throughout this manuscript.
ICD-code derived CKD diagnosis performance

measures were contrasted in four different ways with
performance measures determined from the “gold-stand-
ard” eGFR-based CKD definition.

� Progression Analysis: Presence (or absence) of two
CKD staging/ESRD codes (585.3, 585.4, 585.5, 585.6)
indicating increasing severity was compared to
model-identified rapid progressors.

� Overall Analysis: Presence (or absence) of any
qualifying code was compared to the clinical
diagnosis results based on eGFR-CKD guidelines
for an overall measure of accuracy. This analysis
was repeated using data from 2016 and 2017 to
assess overall ICD-10 coding accuracy.

� Stage-Stratified Analysis: Presence (or absence) of
any qualifying code was compared against patients
at their highest eGFR based stages of CKD
(stage 3–5) for a ‘stage-stratified’ comparison to
determine if ICD-diagnosis rates improve with
advancing clinical stage.

� ROC Analysis: Agreement of ICD- and eGFR-CKD
diagnoses was modeled against gender, age > 65,
and comorbid conditions (proteinuria, diabetes,
congestive heart failure, other heart diseases, and
hypertension) in a multivariate logistic regression.
Receiver operating characteristic (ROC) curves were
generated using the Mann-Whitney association to
estimate the area under the curve (AUC). A non-
informative curve with AUC of 0.5 was held as
reference, and every other curve was compared
using a non-parametric approach [14].

Results
Of the approximately 1.3 million patients in the insur-
ance database, 216,529 qualified for analysis. From the
216,529 qualifying patients, 28,762 were identified as
eGFR-CKD and 14,657 were identified as ICD-CKD.
Twenty-six thousand three hundred eleven patients
showed clinical signs of stage 3; 2007 stage 4; and 444
stage 5. Ultimately, 23,802 reached a maximum of stage
3; 4234 stage 4; and 726 stage 5.
Ten thousand nine hundred twenty-seven of the 28,

762 eGFR-CKD patients and 4650 of the 14,657 ICD-
CKD met inclusion criteria for the progression analysis

Fig. 1 Sample inclusion/exclusion summary. Patients were selected
from HealthNow insurance database and required to have non-missing
estimated glomerular filtration rate (eGFR) for inclusion
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model. These included 2891 incident and 8036 prevalent
cases. At baseline, 10,339 patients were in stage 3, and
588 were in stage 4. By the study end, 7917 were in stage
3, 1248 in stage 4, while 1537 patients ended with an
eGFR above 60, and 225 had reached stage 5. The mean
time in the database prior to meeting eGFR-CKD criteria
among incident patients was 765 days.
Figure 1 summarizes patient inclusion rates. A

complete population breakdown, with details regarding
patient demographics and comorbid conditions, is avail-
able in Table 1. Results of McNemar’s test showed differ-
ences in proportions across all groups (p < 0.0001).
Of the 10,927 patients considered in the progression

analysis, 323 were identified as rapid progressors. Al-
though 626 were observed to have multiple ICD codes
suggesting disease progression, only 89 of these patients
were among the 323 rapid progressors. Sensitivity was
25.7% (21.02, 30.83) with PPV 14.22% (13.74, 11.10), and
specificity of 94.94% (94.66, 95.49) with NPV of 97.73%
(97.37, 97.96). Table 2 summarizes the progression ana-
lysis sample.
For the 2007–2014 sample, ICD codes correctly identified

9249 of 28,762 overall eGFR-CKD patients; 5205 of 23,802
stage-3 eGFR-CKD patients; 1437 of 4234 stage-4 eGFR-
CKD patients; 342 of 726 stage-5 eGFR-CKD patients. In
the overall analysis, sensitivity was 32.16% (95% CI: 31.62,
32.70) with 63.10% (95% CI: 62.32, 63.88) PPV and specifi-
city of 97.12% (95% CI: 97.04, 97.20) with NPV of 90.33%
(95% CI: 90.20, 90.46), respectively. The sensitivity and
NPV increased from 24.68% (95% CI: 24.13, 25.23) and

91.12% (95% CI: 90.99, 91.24) among patients showing clin-
ical evidence of stage-3 eGFR-CKD to 91.05% (95% CI:
88.73, 93.02) and 99.97% (95% CI: 99.96, 99.98) among
stage-5 patients. The overall and stage-specific results are
summarized in Fig. 2. Complete results with 95% confi-
dence intervals are available in Additional file 1.
In identifying rapid progressors, ROC analysis showed

that codes offered no improvement in discriminating rapid
progressors over an arbitrary decision when controlling for
comorbidities. In identifying the general CKD sample, only
age over 65 offered a significant improvement in discrimin-
ating CKD, with the only clinically predictive AUC (AUC=
0.7077, 95% CI: 0.70, 0.71) among variables considered. Fig-
ure 3 depicts the curves. 95% intervals and associated p-
values are available in Additional file 1.
The 2016 and 2017 sample consisting of ICD-10 codes

had 145,409 total patients having valid eGFR, with 12,308
eGFR-CKD patients and 24,017 ICD-CKD patients. Sensi-
tivity rates derived from the 2016–17 data were 29.11%
(95% CI: 28.53, 29.68), with PPV of 56.80% (95% CI: 55.93,
57.68) and specificity of 95.62 (95% CI: 95.50, 95.74) with
NPV of 87.21% (95% CI: 87.03, 87.39). Aside from a
marked increase in the number of patients with ICD codes,
these figures do not differ substantially from the ICD-9 de-
rived values presented in this analysis. Detailed results are
available in Additional file 1.

Discussion
The ability to detect which individuals in a large CKD
database whose renal function is on an accelerated

Table 1 Demographic Summary

Variable Progression Sample
(N = 10,927)

eGFR- Progressors
(N = 323)

ICD Progressors
(N = 604)

% Yes % Yes % Yes

Male Gender 39.21 51.70 50.00

Age > 65 76.57 71.52 69.37

Proteinuria 4.36 17.65 21.52

Diabetes 42.00 67.49 56.46

Hypertension 88.89 93.19 92.55

Congestive Heart Failure 12.87 21.98 16.23

Other Heart Issues 56.31 64.09 58.28

Overall Sample (N = 216,529) eGFR-CKD (N = 28,762) ICD-CKD (N = 14,657)

% Yes % Yes % Yes

Male Gender 45.80 41.40 41.25

Age > 65 27.53 76.57 57.62

Proteinuria 1.040 7.840 12.53

Diabetes 31.40 50.00 49.37

Hypertension 74.04 93.96 89.32

Congestive Heart Failure 9.440 31.69 31.31

Other Heart Issues 68.68 80.85 83.88
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downward trajectory is the so-called “Holy Grail” of
CKD analytics. This allows for programmatic approaches
to interventions designed to slow the disease course or
provide expeditious care for advanced CKD. We are the
first to report on the performance of ICD codes in CKD
progression. Our data showed that coding is particularly
inaccurate in identifying CKD patients who were rapidly
deteriorating, with a sensitivity of 25.7% compared to
32% in identifying CKD in general. Not unexpectedly,

sensitivity increased from 25, 64 and 91% from stage 3,
stage 4, and stage 5 CKD respectively.
This progression model identified 323 of 10,927

patients with a yearly loss of eGFR greater than 4 ml/
min/1.73m2. Of these 323 eGFR-CKD rapid progressors,
176 did not experience a loss of eGFR sufficient to war-
rant a change in ICD-stage classification. However, of
those 176 there were 128 patients with eGFR indicative
of ICD-stage 3 CKD. Taken together, this strongly sug-
gests that additional CKD-related codes would likely
help in identification of rapid progressors. Indeed,
current codes do not have the level of granularity to
mark small changes in eGFR.
The rate of rapid progressors found in our sample

was approximately 0.029%. This is nearly double than
a rate of 0.016% found in a 2016 VA study [12].
However, that study focused on elderly patients, who
experience a slower rate of progression than the gen-
eral adult population we have examined here. Given
that population difference, it is reasonable to assume
that results of this study are consistent with previous
findings.

Fig. 2 Overall and Stage-specific Sensitivity and Specificity Rates. Sensitivity and specificity rates for chronic kidney disease (CKD) diagnosis using
International Classification of Diseases (ICD) codes against gold-standard Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines

Table 2 Contingency Table of eGFR-based identification against
ICD Identification of Rapid Progressors

eGFR-Progressors Total

Yes No

ICD-Progressors Yes 89 537 626

0.81% 4.91% 5.73%

No 234 10067 10301

2.14% 92.13% 94.27%

Total 323 10604 10927

2.95% 97.04% 100%
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Our results showed much lower sensitivity in detecting
stage 3 CKD by codes than reported in most of prior stud-
ies. Selected studies are summarized in Table 3. A meta-
analysis of 25 studies showed a median sensitivity of 41%,
ranging from 3 to 88%, and a PPV of 78%, ranging from
29 to 100% [5]. A similar review of 30 studies showed a
wide varying sensitivity (8–83%), but with specificity
values above 90% [15]. A study of two practice-based re-
search networks examining ICD-9 codes regarding
chronic kidney disease (CKD) showed 47% of patients
with a CKD ICD-9 code did not qualify for a diagnosis of
CKD [4]. A population-based study of elderly patients
employed an algorithm utilizing ICD codes, providing a
sensitivity of 18% and PPV of 85% among patients with
eGFR less than 60, and a sensitivity of 58% with a PPV of
32% when eGFR was less than 30 [6]. (Table 3).
The reason for this discrepancy could be the clinical

population studied. Specifically, as most US based studies
collected data from hospitalized patients. Inpatient labs are
volatile in nature and their inclusion could result in an in-
crease of patients with AKI. These studies also sometimes
focused on patients presenting with a particular comorbid-
ity, such as diabetes, congestive heart failure, or hyperten-
sion, potentially excluding CKD patients without another

presenting condition. In contrast, the vast majority of our
data is derived from more stable outpatient labs and in-
cluded all patients covered by a single insurer. Together
with the longitudinal nature of our data and the inclusion
criteria (minimum of five observations and 3 years of
follow-up) placed on the sample for progression analysis
limit any potential contamination with AKI patients.
Our research supports findings from previous studies

while offering additional information regarding advanced
CKD stages 4 and 5. For example, a study using outpatient
labs with a similarly large sample size based in Alberta,
Canada showed the predictive characteristics of billing
codes were similar with a PPV in the range of 60% [17].
As demonstrated in our data, they also found billing codes
were more reliable when the estimated GFR was less than
30ml/min. The PPV was 85% for patients with eGFR of
less than 60ml/min, but decreased to 32% for eGFR < 30
ml/min. An Ontario, Canada based study utilized a com-
bination of physician billing codes and hospitalization
codes, showed sensitivity in the range of 20% with PPV of
about 60% overall [6]. In this study a combination of 9
physician codes and 2 inpatient codes that referred to
CKD were used. Our results confirm the observed trend
of more advanced stages of CKD have increasing

Fig. 3 Receiver Operating Characteristic (ROC) Curves. a ROC curves for chronic kidney disease (CKD) diagnosis using International Classification
of Diseases (ICD) codes against gold-standard Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines. Diagnostic accuracy only improves
with increasing age. b ROC curves for identifying rapidly-progressing CKD patients using ICD codes against gold standard KDOQI guidelines.
Diagnostic accuracy shows no clinically meaningful improvement regardless of subgroup
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sensitivity and NPV. However, decreasing specificity and
poor PPV preclude any notion that coding is substantially
improved in advanced stages. This seemingly contradict-
ory pattern is a consequence of a larger proportion of false
negatives than false positives as disease severity increases.
When assessing other diseases, ICD codes generally

have much better performance against gold-standard
diagnostic tools. A single-hospital study of ICD-9-CM
codes in detecting pneumococcal pneumonia showed a
58.3% sensitivity rate [2]. A 12-year retrospective study
in an Australian population reported sensitivity and spe-
cificity for various cardiovascular diseases, from 74.2%
sensitivity and 97.6% specificity for coronary heart
disease to 38.7 and 99.9% for ischemic stroke [21]. The
difference between the accuracy of coding patients with
cardiovascular diseases, stroke, pneumococcal pneumo-
nia and CKD is likely at least in part to be a conse-
quence of the primacy of their life-threatening acute,
obvious, and readily documentable conditions. This is in
contrast to the indolent and often secondary or even ter-
tiary diagnosis of especially the moderate stages of CKD.
The subtle nature of CKD therefore may cause primary
care and other physicians to code other, more obvious
diseases first, despite similar prevalence rates. Patients
may not yet be referred to nephrologists who would
likely be more accurate with their codes than a primary
care physician for that same reason.
This study has potential limitations, chief among them

the lack of racial data. Consequently, eGFR was based
on the assumption that all patients were white, leading
to decreased eGFR readings on average. However, histor-
ical demographic data of the region show that only 13%
of the region’s population is African American, which
would limit bias in the performance measures [23]. This
could partially explain the generally worse coding accur-
acy observed in our data.
Another limitation is that our study used exclusively

ICD-9 codes, and the recent transition to ICD-10 may
have some effect on these results. However, the analysis
of the 2016–17 data using ICD-10 codes failed to reveal
any substantial discrepancies between the two coding re-
visions with respect to accuracy of identifying CKD.
The lack of longitudinal data and relatively smaller sam-

ple, however, precluded a progression or stage-stratified
analysis. As additional years of longitudinal data accumu-
late, the capability of ICD-10 codes to identify rapid pro-
gressors will be evaluated. However, the results are
unlikely to change as there are no ICD codes even in the
revised version (ICD-10-CM) to capture rapid progression
of CKD. Indeed, specific CKD-related codes are mapped
one-to-one between ICD-9 and ICD-10. As noted above,
neither are codes available to identify minor changes in
eGFR. For example, a patient with CKD stage 3 (ICD-9
code: 585.3) and a starting eGFR of 55ml/min, would

need to lose another 25ml/min of eGFR to a new value of
30ml/min to be reclassified as CKD stage 4 (ICD-9:
585.4). In any case, separation of ICD-9 code 585.3 (eGFR
30–59) into distinct stage 3a (eGFR 44–59) and stage 3b
(eGFR 30–44) codes and/or inclusion of a code indicating
rapid progression in a subsequent ICD revision may ease
identification of this critical population.

Conclusion
In summary this data, from a single database composed of
over 1.3 million patients followed for as long as 8 years
(2007–2015), shows that the inaccuracy of administrative
codes in capturing eGFR-CKD extends to indicators of dis-
ease progression. This splay between the effectiveness of
administrative codes versus clinically derived data pre-
cludes the discovery of disease course and behavior as
noted in the clinical progression analysis discussed above,
and we conclude that administrative codes cannot be ef-
fectively used to identify CKD patients, rapidly progressing
or otherwise. Future work will include further refining the
progression model to include covariates, highlighting risk
factors to identify rapidly progressing patients.
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