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Objective. To determine prevalence of chronic kidney disease (CKD) in patients with
diabetes, and accuracy of International Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM) codes to identify such patients.
Data Sources/Study Setting. Secondary data from 1999 to 2000. We linked all
inpatient and outpatient administrative and clinical records of U.S. veterans with di-
abetes dually enrolled in Medicare and the Veterans Administration (VA) health care
systems.
Study Design. We used a cross-sectional, observational design to determine the sen-
sitivity and specificity of renal-related ICD-9-CM diagnosis codes in identifying indi-
viduals with chronic kidney disease.
Data Collection/Extraction Methods. We estimated glomerular filtration rate
(eGFR) from serum creatinine and defined CKD as Stage 3, 4, or 5 CKD by eGFR
criterion according to the Kidney Disease Outcomes Quality Initiative guidelines. Re-
nal-related ICD-9-CM codes were grouped by algorithm.
Principal Findings. Prevalence of CKD was 31.6 percent in the veteran sample with
diabetes. Depending on the detail of the algorithm, only 20.2 to 42.4 percent of in-
dividuals with CKD received a renal-related diagnosis code in either VA or Medicare
records over 1 year. Specificity of renal codes for CKD ranged from 93.2 to 99.4 percent.
Patients hospitalized in VA facilities were slightly more likely to be correctly coded for
CKD than patients hospitalized in facilities reimbursed by Medicare (OR 5.4 versus 4.1,
p 5 .0330)
Conclusions. CKD is a common comorbidity for patients with diabetes in the VA
system. Diagnosis codes in administrative records from Medicare and VA systems are
insensitive, but specific markers for patients with CKD.
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Comorbid chronic kidney disease (CKD) in patients with diabetes is likely to
have profound effects on health care outcomes in the U.S. in the coming dec-
ades. The prevalence of diabetes is projected to increase from approximately 16
million adults to almost 22 million by 2025 (Harris et al. 1998). The prevalence
of comorbid CKD in diabetic patient populations has not been well charac-
terized, but its presence is likely to increase overall morbidity and mortality.
CKD and diabetes are independent predictors for cardiovascular disease, car-
diovascular events, complications of cardiovascular procedures, early mortality
following myocardial infarction, and hospital-acquired acute renal failure (And-
erson et al. 1999; Conlon et al. 1999; Tonelli et al. 2001; Szczech et al. 2002; Go
et al. 2004; Keith et al. 2004; Weiner et al. 2004; Thakar et al. 2005).

In addition to increasing the risk of cardiac disease and acute renal
failure, CKD in diabetes greatly increases the risk of chronic kidney failure.
Although the majority of patients with comorbid CKD and diabetes die prior
to reaching end-stage renal disease (ESRD), almost half of the incident cases of
ESRD in the U.S. are attributed to diabetes (Keith et al. 2004; USRDS 2004).
CKD in diabetes is usually because of diabetic nephropathy. Given that ap-
propriate medical management can slow the progression of established dia-
betic nephropathy, identifying patients for interventions to slow the rate of loss
of glomerular filtration rate (GFR) will be important to forestall the influx of
patients into ESRD programs that is predicted by the surge of prevalent di-
abetes (Lewis et al. 1993, 2001; Brancati et al. 1997; Gaede et al. 1999; Brenner
et al. 2001). One-third of adults with type 2 diabetes and comorbid CKD lack
proteinuria, which typically characterizes diabetic nephropathy (Kramer et al.
2003). However, even mild renal insufficiency without proteinuria increases
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the risk for cardiovascular disease in patients with diabetes (Gimeno-Orna
et al. 2004). Therefore, better understanding of comorbid CKD of any etiology
may inform strategies to prevent cardiovascular disease, acute renal failure,
and ESRD in patients with diabetes.

A first step to understanding how CKD in diabetes affects disease out-
comes is to develop methods to accurately identify individuals with CKD in
patient populations. Investigators in health services research often turn to the
International Classification of Diseases, 9th Revision, Clinical Modification
(ICD-9-CM) diagnosis codes in administrative records to study the effect of
health care delivery upon disease outcomes. The ability of administrative
records to identify cases is limited by the completeness and accuracy of di-
agnosis coding, which in turn is limited by the quality of documentation in the
medical record (Fisher et al. 1990, 1992; Mitchell et al. 1994; Daley 1997;
Iezzoni 1997; Rosamond et al. 2004). Previous work has validated the use of
ICD-9-CM codes from administrative records to identify individuals with
diabetes (Hebert et al. 1999; Miller, Safford, and Pogach 2004), but no studies
have validated the ability of diagnosis codes to identify individuals with CKD.
Despite this limitation, investigators have used ICD-9-CM diagnosis codes to
define the presence of comorbid CKD as a risk factor for adverse outcomes in
cardiovascular surgery (Mack et al. 2004), estimate CKD prevalence in patient
populations with diabetes (Young et al. 2004), and make risk adjustments for
renal failure in hospital-based quality assessment systems (Goldfield and Vil-
lani 1996). However, it is unknown if renal-related diagnosis codes in admin-
istrative records completely and specifically identify patients with CKD.

Although a plethora of codes are used to describe various attributes of
kidney disease, most do not indicate the severity of kidney dysfunction. Rec-
ognizing the need for standards to both define and assess CKD through all
stages of severity, the Work Group of the National Kidney Foundation Kidney
Disease Outcomes Quality Initiative (K/DOQI) developed a staging classi-
fication based on GFR, defining CKD as GFR less than 60 ml/min/1.73 m2 for
at least 3 months duration (NKF 2002). A predictive equation derived from the
Modification of Diet in Renal Disease study has been validated as a measure of
estimated GFR (eGFR), and applied to the K/DOQI definition of CKD
(Levey et al. 1999; NKF 2002; Levey et al. 2003). The methodology enables
investigators to identify cases of CKD in populations where serum creatinine
and demographic data are available, with the limitation that individuals with
proteinuria and eGFR greater than 59 ml/min/1.73 m2 will be misclassified as
not having CKD. Therefore, using only an eGFR-based criterion to define
CKD will tend to underestimate the prevalence of CKD.
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By linking clinical and administrative datasets from the VA and Medi-
care systems, we determined how completely and accurately ICD-9-CM di-
agnosis codes from administrative records identify individuals with CKD in a
population of patients with diabetes. We defined CKD by eGFR criterion,
using definitions set forth by the K/DOQI Work Group.

MATERIALS AND METHODS

Population, Study Sample, and Data Source

The study sample was drawn from the national VA population of 566,509
veterans with diabetes alive on September 30, 1999. A description of the
population, and the criteria for defining diabetes, has been described in pre-
vious work (Miller, Safford, and Pogach 2004). Patient-level data elements in
VA records included demographics, visits and hospitalizations, providers,
diagnosis and procedure codes, and values of serum creatinine tests. Medicare
records from institutional inpatient and outpatient files (Part A), and physician
care (Part B) included the same data elements plus revenue center and ben-
eficiary status codes, but without serum creatinine values. Records were linked
for individuals enrolled in both VA and Medicare systems.

We excluded 153,680 individuals who lacked a record of any serum
creatinine tests or key demographic variables needed for estimation of GFR.
We excluded 143,678 individuals because they either (1) lacked a second
serum creatinine value 90 days or more beyond the index creatinine value, or
(2) follow-up eGFR was either greater than 89 ml/min/1.73 m2, or less than
60 ml/min/1.73 m2, when the index eGFR was 60–89 ml/min/1.73 m2, or (3)
follow-up eGFR was greater than 59 ml/min/1.73 m2 when the index eGFR
was less than 60 ml/min/1.73 m2. The purpose of these exclusions was to en-
sure that individuals classified as having CKD by index eGFR had chronically
low eGFR, as opposed to a transient decrease in eGFR. The exclusions also
ensured that individuals classified as having an index eGFR of 60 ml/min/
1.73 m2 or greater maintained a stable eGFR (neither rising nor declining) for
at least 3 months duration. Additionally, we excluded 5,421 individuals with
indicators for preexisting ESRD. Preexisting ESRD was defined if any one of
the following conditions were present within 2 years before the study period:

� Medicare status codes were 11, 21, or 31, indicating ESRD.

� Diagnosis codes V420, V56, V451, E8791, indicating ESRD, dial-
ysis, or kidney transplant.

� Procedure codes 3993 or 5498, indicating dialysis.
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� CPT4 codes 90935, 90937, 90945, 90947, 90989, 90993, 90921,
90925, indicating dialysis or dialysis training.

� VA stop codes 602–611, indicating a visit to the dialysis unit.

� Revenue Center codes 821, 831, 841 or 851, indicating outpatient
dialysis.

� Revenue Center codes 801, 802, 803 or 804, indicating inpatient
dialysis.

The final study sample of 263,730 veterans had an index creatinine value
drawn in fiscal year (FY) 1999, and a subsequent creatinine value drawn
90–365 days following. Of this sample, 71 percent were dually enrolled in VA
and Medicare systems; of those with index eGFR less than 60 ml/min/
1.73 m2, 87 percent were enrolled in both systems.

The study data is stored at the VA New Jersey Health Care System
facility. The research has been approved by the VA New Jersey Health Care
System Institutional Review Board.

Variables

We used the four-variable Modification of Diet in Renal Disease equation to derive
an eGFR from VA serum creatinine values (Levey et al. 1999; Lamb et al. 2003).

eGFR ¼ ð186Þ � ðserum creatinine mg=dlÞ�1:154 � ðageÞ�0:203

� ð1:212 if blackÞ � ð0:742 if femaleÞ

We defined index eGFR as either (1) the first eGFR in FY 1999, if all sub-
sequent eGFR values were greater than 89 ml/min/1.73 m2, or (2) the first
eGFR value less than 90 ml/min/1.73 m2 occurring in FY 1999. Veterans
whose index eGFR was less than 60 ml/min/1.73 m2 were classified as having
CKD according to the definition of the K/DOQI Work Group (NKF 2002).
The index eGFR was used to stage CKD according to K/DOQI guidelines:

Stage 3: Index eGFR 30–59 ml/min/1.73 m2, subsequent eGFR less
than 60 ml/min/1.73 m2.

Stage 4: Index eGFR 15–29 ml/min/1.73 m2, subsequent eGFR less
than 60 ml/min/1.73 m2.

Stage 5: Index eGFR less than 15 ml/min/1.73 m2, subsequent eGFR
less than 60 ml/min/1.73 m2.

Veterans whose index eGFR was greater than 59 ml/min/1.73 m2 were
classified as ‘‘no CKD’’ for the purposes of this study.
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From the ICD-9-CM coding manual, we grouped 79 renal-related di-
agnosis codes into the following seven categories: (A) chronic renal failure, (B)
chronic kidney pathophysiology, (C) diabetic nephropathy, (D) acute renal
failure and disease, (E) systemic diseases that can cause CKD, (F) kidney or
upper urinary tract neoplasm, and (G) kidney or upper urinary tract anatom-
ical abnormalities (Medicode 1999) (Table 1). Codes were initially assigned to
groups by the clinical judgment of a nephrologist based on code descriptors.
However, if the code had an ambiguous descriptor, the coding practices of a
university-affiliated teaching hospital were also used to make group assign-
ment. The groups were empirically ranked by specificity in identifying indi-
viduals with low eGFR within the study sample, with Group A being most
specific and Group G being least specific. Although all of the renal-related
ICD-9-CM codes were assessed for each individual in the study sample over
the time span of 1 year, each individual was ultimately assigned to the single,
highest ranked (most specific) group according to the codes in their records.

Study Design

The study design was a cross-sectional analysis over a 1-year time frame. The
study period began with the index eGFR, occurring within FY 1999, and

Table 1: Renal-Related ICD-9-CM Diagnosis Codes, by Common Descrip-
tor Groups

Description Group Codes (79)

Chronic renal failure A 403.11 403.91 404.12 404.13 404.92 404.93
585 586 587

Chronic kidney
pathophysiology

B 274.1 403.10 403.90 404.10 404.11 404.90 404.91
581 582 583 590.0 593.6 593.9 753.12
753.13 753.14

Diabetic nephropathy C 250.4
Acute renal failure

and disease
D 403.00 403.01 404.00 404.01 404.02 404.03 405.01

453.3 580 584 590.1 590.2 590.3 590.8
593.81 866

Systemic disease
causing CKD

E 203.0 277.3 287.0 446.0 446.2 446.4 446.6
710.0 710.1

Upper urinary tract
neoplasm

F 189.0 189.1 233.9 236.91 239.5

Anatomic abnormality G 40.1 447.3 589 591 593.4 593.5 593.7 592
593.0 593.1 593.2 593.3 593.82 593.89 753.0
753.10 753.11 753.15 753.16 753.17 753.19 753.2 753.3

ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; CKD,
chronic kidney disease.
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ended 365 days later. We searched inpatient and outpatient encounters within
both VA and Medicare records for occurrence of renal-related diagnosis
codes. Outpatient encounters were limited to physician-attended office visits.
The patient was the unit of analysis for determining the sensitivity and
specificity of renal-related codes for the presence of CKD. For comparison of
VA and Medicare inpatient coding accuracy, the unit of analysis was the
hospital episode of care. Because transfers could potentially inflate the number
of hospitalizations that were coded for renal-related diagnoses, we excluded
234 hospital stays that were less than or equal to 1 day length of stay, and had a
date of admission or discharge that was less than or equal to one day from an
adjacent hospitalization.

Statistical Methods

Crude prevalence of chronic kidney disease by eGFR criterion was calculated
as the number of individuals with Stage 3, 4, or 5 CKD divided by the total
sample size. The crude prevalence of CKD was standardized to the reference
population for age and sex distributions using the direct method. Sensitivity of
each code group (A–G) was calculated as the percent of patients with Stage 3,
4, or 5 CKD assigned to the code group. Specificity was calculated as the
percent of patients with eGFR greater than 59 ml/min/1.73 m2 not assigned to
the code group. For hospital episodes of care, Pearson’s w2 was used to test the
association of chronic renal failure codes (Group A), versus Group B–G codes,
with low eGFR. The homogeneity of the odds ratios for code assignment in
VA versus Medicare-reimbursed facilities was evaluated with the Breslow–
Day test. Alpha error was considered significant at less than 0.05, two-tailed.
Frequency counts and analyses were run on SAS for Windows V9 (Statistical
Analysis Systems, Carey, NC, USA).

RESULTS

Prevalence of CKD by eGFR Criterion

The study sample of 263,730 individuals with diabetes contained the following
proportions of individuals by stage of CKD: (No CKD) 68.4 percent; (Stage 3)
28.7 percent; (Stage 4) 2.5 percent; (Stage 5) 0.4 percent. The overall prev-
alence of CKD, defined in our study as Stages 3, 4, or 5, was 31.6 percent
(83,338/263,730) (Table 2). When standardized to the age and sex distribution
of the U.S. adult population with diabetes in 1999 (Pleis and Coles 2003),
the prevalence of CKD fell to 29.0 percent. Both crude and standardized
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prevalence increased with age, up to 46.1 and 54.8 percent, respectively, in
those 70 years and older. Because urine protein values were not available,
individuals with Stage 1 or Stage 2 CKD could not be distinguished from
nonproteinuric individuals without CKD. Consequently, all individuals with
eGFR greater than 59 ml/min/1.73 m2 were combined in the general category
of ‘‘no CKD.’’

Ability of Renal ICD-9-CM Coding to Identify Individuals with CKD

Frequency counts for individuals with one, and only one, occurrence of any of
the 79 renal-related ICD-9-CM codes, from inpatient and outpatient records
combined, were ascertained to determine potential random error rates (Table
3). While 13.3 percent (11,067/83,338) of all individuals with Stage 3, 4, or 5
CKD received a renal-related ICD-9-CM code at one, and only one, encoun-
ter, the false positive rate was 3.8 percent (6,843/180,392), suggesting that the
majority of these ‘‘one-time only’’ code assignments were not random errors.

The nine codes in the Group A algorithm are the only ICD-9-CM codes
specific for chronic renal failure, either as an isolated diagnosis, or combined
with hypertension and/or heart failure. Of individuals with Stage 3, 4, or 5
CKD, 20.2 percent (16,864/83,338) were identified by searching all admin-
istrative records for codes from the Group A algorithm: this algorithm had the

Table 2: Demographic Characteristics of Veterans in the Study Sample, by
CKDn Status

All (N 5 263,730)

CKD (N 5 83,338) % with CKDN %

Overall 263,730 100 31.6
Men 258,272 97.9 31.5
Women 5,458 2.1 34.3
o40 years 4,317 1.6 3.8
40–54 years 52,395 19.9 11.0
55–69 years 103,361 39.2 28.7
701 years 103,657 39.3 46.1
White 191,539 72.6 35.0
African American 42,529 16.1 26.2
Hispanic 8,351 3.2 21.8
Other 5,090 1.9 30.7
Unknown 16,221 6.2 10.9

nCKD is defined as eGFR less than 60 ml/min/1.73 m2.

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.
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lowest false positive rate of 0.6 percent (1,034/180,392) compared with any
other code group algorithm (Table 3). Including additional individuals with
codes in Groups B and C increased the sensitivity to 38.7 percent (32,255/
83,338), but lowered the specificity to 95.5 percent as more individuals with
eGFR greater than 59 ml/min/1.73 m2 were included. When all individuals
with any possible renal-related ICD-9-CM codes were included (Groups A–
G), sensitivity increased to 42.4 percent (35,318/83,338), while specificity
dropped to 93.2 percent.

Comparing Accuracy of Coding for Inpatient Encounters

We found a renal-related ICD-9-CM diagnosis code contained in the admin-
istrative records of 32,529 hospital episodes for 18,755 individuals: 11,253 of
these hospitalizations were reimbursed by Medicare, while 21,276 occurred in
VA facilities (Table 4). Of hospitalizations occurring in Medicare-reimbursed
facilities, 39.6 percent (4,461/11,253) were assigned a Group A code. How-
ever, 15.6 percent (233/1,495) of hospitalizations for patients with eGFR
greater than 59 ml/min/1.73 m2 were incorrectly assigned a Group A code
indicative of chronic renal failure in Medicare-reimbursed facilities. In con-
trast, only 29.0 percent (6,166/21,276) of hospitalizations in VA facilities re-
ceived a Group A code. Of these, 7.6 percent (116/1,562) of hospitalizations

Table 3: Identifying Individuals with CKDw Using ICD-9-CM Diagnosis
Codes from Inpatient and Outpatient Records: 83,338 Individuals with CKD
and 180,392 Individuals without CKD

ICD-9-CM Diagnosis Code Groups n True1N Sensitivity (%) False1N Specificity (%)

Individuals with 1, and only 1, code from any group
ABCDEFG 11,067 13.3 6,843 96.2

Individuals with at least 1 code from the groups
A 16,864 20.2 1,034 99.4
AB 29,355 35.2 4,168 97.7
ABC 32,255 38.7 8,035 95.5
ABCD 33,454 40.1 8,736 95.2
ABCDE 33,884 40.7 9,106 95.0
ABCDEF 34,151 41.0 9,551 93.5
ABCDEFG 35,318 42.4 12,317 93.2
Total Individuals 83,338 180,392

nSee Table 1 for individual ICD-9-CM codes contained within Diagnosis Code Groups.
wCKD is defined as eGFR less than 60 ml/min/1.73 m2.

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ICD-9-CM,
International Classification of Diseases, 9th Revision, Clinical Modification.
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for patients with eGFR greater than 59 ml/min/1.73 m2 were incorrectly as-
signed a Group A code. In the VA, the odds of assigning a Group A code to
patients with Stage 3, 4, or 5 CKD was 5.4 (95 percent CI: 4.4–6.5; po.0001)
times greater than the odds of assigning a non–Group A renal-related code to
patients with eGFR greater than 59 ml/min/1.73 m2. In contrast, the odds ratio
was 4.1 (95 percent CI: 3.6–4.8; po.0001) among Medicare-reimbursed fa-
cilities. Comparing odds ratios, the correct assignment of Group A codes to
patients with Stage 3, 4, or 5 CKD was significantly more likely in VA facilities
compared with Medicare-reimbursed facilities (Breslow–Day test for homo-
geneity of odds ratios, p 5 .0330).

DISCUSSION

The main finding of this study is that, in adult veterans with diabetes, ICD-9-
CM diagnosis codes in VA and Medicare administrative records fail to iden-
tify the large majority of individuals with comorbid CKD, when CKD is
narrowly defined by eGFR criterion as Stage 3, 4, or 5 CKD. Despite each
individual having had, at minimum, two opportunities to diagnose chronic
kidney disease within a year, a comprehensive search of all VA and Medicare
administrative records revealed that only 20.2 percent of individuals with low
eGFR received a code specifically indicating chronic renal failure (Group A
code). However, if present, a Group A code indicated that the individual had
Stage 3, 4, or 5 CKD with 99.4 percent specificity. Extending the algorithm to
17 additional ICD-9-CM codes for chronic kidney disorders that may not

Table 4: Accuracy of Inpatient Coding for Chronic Renal Failure (Group A
Codes) by Medicare Provider versus VA Provider

Medicare VA

All CKDn (%) No CKD (%) All CKD (%) No CKD (%)

Coded as
group A

4,461
(39.6)

4,228
(43.3)

233
(15.6)

6,166
(29.0)

6,050
(30.6)

116
(7.6)

Coded as
groups B–G

6,792 5,530 1,262 15,110 13,700 1,410
(60.4) (56.7) (84.4) (71.0) (69.4) (92.4)

Total 11,253 9,758 1,495 21,276 19,750 1,526
Odds ratio 4.1 (3.6–4.8) po.0001 5.4 (4.4–6.5) po.0001

Breslow–Day test for homogeneity of odds ratios p 5 .0330

nCKD is defined as eGFR less than 60 ml/min/1.73 m2.

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.
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necessarily be associated with low eGFR (Groups B and C) increased sen-
sitivity to 38.7 percent, while specificity declined to 95.5 percent. Extending
the algorithm to include individuals with Group D codes, indicating acute
renal failure and disease, increased the sensitivity to 40.1 percent, while
specificity declined to 95.2 percent. Because underlying CKD is a risk factor
for acute renal failure, it is not surprising that including diagnosis codes for
acute renal failure in the algorithm identified additional individuals with CKD
(Mangoset al. 1995; McCullough et al. 1997; Gruberg et al. 2001). Finally,
adding 37 renal-related codes (Groups E–G) for kidney disorders that may, or
may not, result in chronically low eGFR increased the sensitivity of the coding
algorithm to a maximum value of 42.4 percent, but at a cost of further decline
in specificity to 93.2 percent.

If a hospitalized patient is recognized and coded for renal disease, VA
hospitals are slightly more accurate than Medicare-reimbursed hospitals in
assigning Group A codes, indicating chronic renal failure, to patients with low
eGFR. While less likely to assign a Group A code to an individual with low
eGFR, VA hospitals were also less likely to assign a Group A code to indi-
viduals with eGFR greater than 59 ml/min/1.73 m2. For a medical coder to
assign any of the Group A codes for chronic renal failure to a patient’s dis-
charge abstract, the word ‘‘failure’’ must be included in the description of
chronic kidney disease within the medical record (AHA 2002). Terminology
such as ‘‘renal insufficiency, chronic kidney disease, or diabetic nephropathy’’
cannot be coded as any of the Group A codes. The slightly lower coding
accuracy of chronic kidney disease by Medicare providers, combined with the
finding that 87 percent of individuals with chronic kidney disease were dually
enrolled in Medicare and the VA system suggests that the coding gap for CKD
includes providers reimbursed by Medicare as well as the VA health care
system. The fact that individuals in the study sample had at least two serum
creatinine tests 3–12 months apart supports the inference that the lack of CKD
coding was not due simply to lack of patient encounters with the medical care
system.

Inaccuracy in coding CKD in hospitalized patients may compromise the
validity of risk adjustment systems that depend on case mix of the patient
population. The presence of comorbid CKD greatly increases the risk of ad-
verse outcomes in patients with myocardial infarction or cardiovascular pro-
cedures (Miettinen et al. 1996; Conlon et al. 1999; Gruberg et al. 2001; Mann
et al. 2001; Shlipak et al. 2002; Wright et al. 2002; Callahan et al. 2003). If
individuals with underlying CKD in these patient groups are not correctly
identified, risk adjustment may lead to biased outcome assessments. The Work
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Group of K/DOQI has proposed that the stage of CKD should be included
routinely with each renal-related ICD-9-CM code to facilitate the use of ad-
ministrative databases for epidemiological and outcomes surveillance (NKF
2002).

An important secondary finding of this study is that the prevalence of
CKD, narrowly defined as Stage 3, 4, or 5 CKD, is quite high (31.2 percent)
among the population of veterans with diabetes. By excluding individuals with
nonexistent or unstable patterns of eGFR from the sample, we attempted to
minimize misclassification in order to maximize the validity of our findings
regarding the sensitivity and specificity of renal-related ICD-9-CM codes.
However, our methods may have introduced selection bias, in that we ex-
cluded veterans who had no serum creatinine tests, or veterans without se-
quential serum creatinine values. If patients with CKD are more likely to get
sequential serum creatinine testing than patients without CKD, the sample for
our study could have been enriched with patients with CKD. However, even
taking the extreme position that none of the veterans with diabetes that we
initially excluded from our study sample had CKD, a minimum of 14.7 per-
cent (83,338/566,509) of the national VA population of patients with diabetes
have CKD based solely on low eGFR criterion.

CKD is increasingly recognized as a common comorbid condition in
selected patient populations. CKD is present in 60 percent of diabetic and
nondiabetic patients discharged from hospitalizations for acute myocardial
infarction (Langston et al. 2003). The prevalence of CKD was 13 percent
among U.S. adults with type 2 diabetes in the population-based sample from
the Third National Health and Nutrition Examination Survey (NHANES III),
where CKD was defined as Stage 3, 4 or 5 CKD based on eGFR (Kramer et al.
2003). Although the mean age of our sample of veterans was older (mean age
of 65 versus 61 years for NHANES III) and predominantly male, the age and
sex standardized prevalence of CKD remained high in our study sample, at 29
percent. The lower prevalence of CKD in NHANES III, compared with our
study, may possibly be explained by a lower percent of individuals in
NHANES III who had diabetes of long enough duration to develop kidney
disease because (1) NHANES III excluded individuals with type 1 diabetes,
and (2) NHANES III included individuals with previously undiagnosed type 2
diabetes.

The importance of validating methods to identify patients with CKD is
highlighted by contrasting our study results with an earlier study that esti-
mated the prevalence of CKD in veterans with diabetes using ICD-9-CM
codes. Young et al. (2004) found the prevalence of CKD in the VA diabetic
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population to be 6 percent, which is much lower than the prevalence of CKD
in our study. Therefore, case identification using only renal-related diagnosis
codes in administrative records greatly underestimates the true prevalence of
disease.

The high prevalence of CKD in our study sample underscores the need
for more research on the quality of care and outcomes of kidney disease
within populations of patients with diabetes. The failure to code the majority of
CKD cases in patients with diabetes may indicate under-diagnosis. The in-
sensitivity of serum creatinine tests to indicate CKD in older patients is
evident in our data, as 43 percent of the patients with Stage 3 CKD had
an index creatinine value less than 1.5 mg/dl (data not shown). To aid
recognition of CKD in individual patients, the Work Group of K/DOQI has
advocated routine laboratory reporting of eGFR with serum creatinine tests
(NKF 2002).

Our study has limitations. If veterans with CKD are more likely to get
tested for serum creatinine, our study sample may be enriched with individ-
uals with CKD. Such a selection bias could inflate our estimates of the prev-
alence of CKD in the veteran population, but should not affect our conclusions
regarding the insensitivity of diagnosis codes to identify individuals with CKD.
Because our data did not include values for urine protein, we were unable to
classify individuals with proteinuria and eGFR greater than 59 ml/min/
1.73 m2 as having CKD. Therefore, our study may overestimate the sensitivity
of diagnosis codes to identify individuals with CKD, while underestimating
the specificity. Individuals covered by health care plans in addition to Medi-
care fee-for-service and VA during the year of the study may have had missing
claims, possibly diminishing our ability to find encounters with a renal-related
code. Our study sample has a high proportion of older, male patients. Age or
gender bias in coding renal diagnoses might alter the sensitivity and specificity
of our algorithm to identify younger individuals, or women with diabetes and
CKD. However, the concomitant use of Medicare and VA claims records
extends the generalizability of our diagnosis code algorithm to male individ-
uals enrolled in either system.

In summary, CKD is a common comorbidity in older, adult patients
with diabetes. The ICD-9-CM diagnosis codes in administrative records are
an insensitive, although reasonably specific marker for individuals with
comorbid CKD. Research focused on health care quality and outcomes in
diabetes, or case-mix methodology that adjusts for excess risk imposed by
CKD, should use eGFR rather than diagnosis codes to identify individuals
with CKD.
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