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OBJECTIVE — To optimize methods for identifying patients with diabetes based on computerized records and to obtain best estimates of diabetes prevalence in Department of Veterans
Affairs (VA) patients.
RESEARCH DESIGN AND METHODS — The VA Diabetes Epidemiology Cohort (DEpiC) is a linked national database of all VA patients since 1998 with data from VA medical visits,
Medicare claims, pharmacy and laboratory records, and patient surveys. Using DEpiC, we
examined concordance of diabetes indicators, including ICD-9-CM codes (250.xx), prescription
drug treatment, HbA1c tests, and patient self-report. We determined the optimal criterion for
identifying diabetes and used it in estimating diabetes prevalence in the VA.
RESULTS — The best criterion was a prescription for a diabetes medication in the current year
and/or 2⫹ diabetes codes from inpatient and/or outpatient visits (VA and Medicare) over a
24-month period. This definition had high sensitivity (93%) and specificity (98%) against
patient self-report, and reasonable rates of HbA1c testing (75%). HbA1c testing alone added few
additional cases, and a single diagnostic code added many patients, but without confirmation
(reduced specificity). However, including codes from Medicare was critical. Applying this definition for 1998 –2000, we identified an average of 500,000 VA patients with diabetes per year.
We also estimated high and increasing diabetes prevalence rates of 16.7% in FY1998, 18.6% in
FY1999, and 19.6% in FY2000 and an incidence estimated to be ⬃2% per year.
CONCLUSIONS — Development and evaluation of methodology for analyzing computerized patient data can improve the identification of patients with diabetes. The increasing high
prevalence of diabetes in VA patients will present challenges for clinicians and health system
management.
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D

iabetes is a common, expensive,
and burdensome chronic illness. It
afflicts nearly 1 in 10 adults over the
age of 45 years and is the seventh leading

cause of death (1,2). The total annual
costs attributable to diabetes are estimated to be nearly 100 billion dollars,
and it accounts for 15% of all health care
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expenditures in the U.S. (3,4). Given the
magnitude of this problem, health care
systems need reliable and consistent systems-level data on diabetes in order to
monitor its prevalence and incidence, estimate its burden on the system, and evaluate the impacts of care on its prevention
and progression (5,6). While historical
methods for disease rate estimation in
health care systems have been expensive
and unreliable, increasing availability of
computerized administrative and medical
records data represents a promising new
resource for this purpose (6,7). Their use
may be limited by a number of factors,
however, including the dynamic nature of
the populations, absence of complete
enumeration lists, variable periodicity in
patient visits, and uncertainty in the accuracy of diagnostic codes and other data. A
few recent studies have contributed to our
understanding on how these data may be
used appropriately for disease rate estimation (8 –16), but much remains to be done
in developing and testing methods to analyze and make proper inferences from
them.
One example of a health care system
with particular need for good diabetes estimates is the Department of Veterans Affairs (VA). This is the largest integrated
health care system in the U.S., providing
comprehensive services to over 4.5 million veterans through 163 medical centers. VA patients tend to be relatively sick
with multiple morbidities, and it is likely
that diabetes has a high prevalence in this
population (17–19). Fortunately, the VA
information system is well developed and
includes a rich assortment of patient-level
data maintained in national databases
(7,20). There have been prior attempts to
use these data to estimate diabetes prevalence among VA patients (18,19), but
these investigators used simple methods
without testing for validity or consistency.
We have addressed these needs and
report here our initial results from the national VA Diabetes Epidemiology Cohorts
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(DEpiC), which is a registry of virtually all
VA patients with diabetes since 1998. It
contains patient-level data on medical visits, with diagnoses and procedures for VA
and non-VA care (from Medicare claims
data), linked with VA pharmacy and laboratory data, and with patient reported
data from large national surveys. Using
these linked datasets, we have developed
and tested methodology for diabetes rate
estimation that may have application beyond the VA. Furthermore, we have applied these methods in estimating disease
rates and trends in the VA and in forming
cohorts of patients for further epidemiologic and health services research studies.
RESEARCH DESIGN AND
METHODS — This study was conducted using DEpiC databases for estimation of diabetes rates over 3 years, from
October 1997 through September 2000
(fiscal years, from October through September 1998, 1999, and 2000). These databases consist of linked individual
patient-level data obtained from a number of sources.
Data sources
National VA patient medical and administrative data were obtained from the Austin Automation Center in Texas. This
center routinely obtains selected data abstracts from each VA facility, including information on patient demographics and
eligibility for care, medical diagnoses and
procedures, outpatient visits, hospital
and long-term care stays, and vital status.
Quality control is maintained centrally
and is facilitated by system-wide standardization of data collection and processing. Medical diagnoses for conditions
under treatment are recorded as ICD9-CM codes (21) and medical procedures
are coded as ICD-9-E or CPT4 codes (22).
The accuracy and completeness of demographic data were maximized using custom algorithms that made use of data
points across multiple years and from
other sources. For this analysis, we used
VA patient medical data from October
1996 through September 2002.
Many VA patients also obtain some of
their care outside of the VA system with
the majority being covered by Medicare
(23). For this reason we obtained Medicare claims data from the Centers for
Medicare and Medicaid Services for all VA
patients with any indication of diabetes in
VA data, supplemented by any additional

VA patients with any codes for diabetes in
the claims data alone. A verification process identified dependents and others receiving care and claimed under each
beneficiary’s number to assure that we applied claims correctly to the VA patients.
We used Medicare files for institutional
inpatient and outpatient care (Part A),
physician care (Part B), skilled nursing facilities, home health care, hospice, and
durable medical equipment. Data elements include vital status, demographics,
encounter dates, and diagnostic and procedure codes (ICD-9-CM and CPT4).
These files are known to be relatively
complete for care covered by Medicare
that is provided on a fee-for-service basis
(24). For this analysis, we used Medicare
data from October 1996 through December 2000.
VA pharmacy data were obtained
from two sources. The VA Health Care
Analysis Information Group used a software package in place at the majority of
VA facilities to routinely collect data on
diabetes medications prescribed through
VA pharmacies. These data were available
for prescriptions dispensed from October
1997 through September 2000, although,
in the first year, data were missing for a
number of sites representing 5.8% of the
patient population. The second source of
VA pharmacy data is the Pharmacy Benefits Management Strategic Health Group,
which has maintained a national VA prescription database for all VA patients since
October 1998. They extract prescription
data from every VA facility on a monthly
basis, verify its accuracy, and process it
centrally into a national database. For this
analysis, we used VA prescription data
from October 1997 through September
2000, with the first year (FY1998) coming
from the Health Care Analysis Information Group, and the last 2 years (FY1999
and FY2000) coming from the Pharmacy
Benefits Management Group.
The VA Health Care Analysis Information Group also obtained and processed selected laboratory values,
including HbA1c, from a majority of VA
facilities. For each of the 3 years of the
study, these data were not available from
facilities representing 26.5, 9.7, and 7.1%
of the VA patient populations, although
we found no apparent bias in rates obtained from other measures for this subset
of the population. Given the variability in
median values among facilities, we explored standardization of HbA1c values to
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the normal range provided by each facility’s laboratory, but—since this resulted
in only small differences—we used unadjusted HbA1c in this study. For this analysis, we used HbA1c data from October
1997 through September 2000.
Vital status of all VA patients was determined from three sources. The Beneficiary Identification and Record Location
files maintained at the Austin Automation
Center is a national database of veterans
who applied for death benefits. It has
been reported that this file is 95% complete for the VA patient population
(25,26), and recently the VA has conducted routine cross checks with Social
Security Administration files to identify
any missing deaths among veterans. Using an algorithm developed and tested for
this purpose, we supplemented this database with indicators of mortality from VA
inpatient records and Medicare files to
improve completeness and accuracy of
death records through September 2000.
The 1999 National Health Survey of
VA Enrollees collected information directly from a large sample of VA patients,
including self-report measures of diabetes
and other diseases and use of VA and
non-VA services (18). The diabetes question asked “Has a doctor ever told you that
you had diabetes or high blood glucose?”
For this survey, a stratified random sample of over 1.4 million enrollees (41% of
all enrollees as of March 1999) were
mailed surveys in July of 1999, and a total
of 877,775 returned completed surveys
(63.1% response rate). Medical and administrative records for all enrollees in the
sampling frame were analyzed and used
to derive weights to adjust for response
and sampling bias. These data were
linked with other DEpiC data for the evaluation.
Data analysis
Fixed-period prevalence of diabetes was
estimated for each of the 3 fiscal years. All
patients alive at the beginning of the fiscal
year and receiving any VA health care
during that year were included in the denominator. Nonveteran patients were further excluded since they were mostly
relatives and VA employees who received
sporadic, emergency care. Different definitions of diabetes using the various data
elements were evaluated in those patients
in the denominator to estimate 1-year period prevalence.
Definitions of diabetes under considB11
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eration included combinations of ICD-9
codes for diabetes (250, 357.2, 362.0,
366.41), dispensing of medications for
glycemic control (insulin, sulfonyureas,
biguanides, thiazolidinediones, other hypoglycemic medications) or supplies for
glucose monitoring, and orders for or
high values from HbA1c testing. Other
factors considered in the definition included the use of various data sources for
these indicators, the period of time used
for surveillance of indicators of diabetes,
and the source of the diagnostic codes.
We recognized that prescriptions for diabetes medication would be a valid and
specific indicator of diabetes, given that
these medications are used very rarely for
other indications. Other indicators must
be used, however, since a large number of
patients with diabetes are not treated with
medications. Diagnostic codes require
that the patient have a medical encounter
involving evaluation or treatment of the
condition and that it be coded accurately
and entered into the information system.
For these reasons, we assumed that a long
period of surveillance would be needed to
identify diabetes codes, beginning with
24 months, and that there may be errors
in coding, with variation according to the
source of the code. Codes from inpatient
and outpatient visits were evaluated separately, and outpatient codes were restricted to those visits involving a face-toface encounter with a clinician. Thus, we
excluded diagnostic codes from laboratory, screening, and telephone encounters in VA outpatient files and in claims
from the Medicare physician care files. Diabetes also may be identified through
HbA1c testing, but there are concerns over
its validity as a sole indicator because a
number of other conditions may raise
HbA1c levels, and such testing is used increasingly for screening purposes.
Various definitions of diabetes were
evaluated in a number of ways. In the subset of 737,340 patients who completed a
survey and were in our denominator for
FY1999 from facilities with laboratory
data, we used response to the diabetes
question as an indicator of true diabetes
status and calculated positive predictive
value, specificity, and sensitivity for the
various definitions as test criteria. Overall
diabetes prevalence based on these definitions were calculated and compared to
estimate the incremental effects of various
factors. Cumulative prevalence was calculated on a monthly basis, and trends were
B12

examined as another means to evaluate
effects of varying definitions on the estimates of prevalence. As a type of face
validity, the proportions of patients receiving pharmacologic treatment and
HbA1c testing were examined and compared in those classified as having diabetes based on different definitions. Finally,
VA patients in FY1998, the first year of the
study, who were classified as having diabetes were followed forward in time to
evaluate persistence of their assignment
based on data from subsequent years, taking into account mortality and attrition
from the health care system.
The working definition of diabetes
that emerged from this evaluation process
was used in estimating 1-year period
prevalence of diabetes for each of the
three years of the study. Rates are presented overall and in population subsets
defined by sex, age, and race. We also
present diabetes prevalence based on affirmative response to the diabetes question in the survey, with estimates adjusted
for survey weights to account for sampling and response bias (18). All estimates
are presented as crude rates and as rates
directly standardized to the sex, age, and
race distribution of the general U.S. adult
population in 2000 (27).
In addition to prevalence, we estimated diabetes incidence over a 2-year
period. VA patients in FY1998, the first
year of the study, who were classified as
not having diabetes were followed forward in time, and those who subsequently met the working definition of
diabetes were considered as incident
cases. We estimated incidence by both
cumulative monthly enumeration of new
cases and total number with the definition
in subsequent years, taking into account
mortality and attrition from the health
care system.
RESULTS — There were a total of ⬃3
million veteran VA patients in each of the
3 years of the study (Table 1). Over this
period, the population increased by
6 – 8% per year. Overall, most (95.3%)
VA patients are men. The age distribution
is irregular, reflecting the different theaters of war, with ⬃50% of patients aged
65 years or older. The racial and ethnic
distribution of VA patients is similar to
the overall adult U.S. population, except
for underrepresentation of Hispanics, Native Americans, and Asian/Pacific Islanders. After excluding the patients with

unknown racial/ethnic status, most VA
patients are white (75.9%) or African
American (17.9%).
Evaluation
Table 2 presents results from our evaluation of diabetes definitions based on diagnostic codes. In this evaluation, we used
codes identified over a 24-month period
from both VA and Medicare data with selected exclusions of outpatient codes.
Varying combinations of numbers of
codes and whether they come from inpatient or outpatient sources were considered and compared with the survey
response to the diabetes question. The top
part of the table presents the percent of
those classified as having diabetes based
on the various definitions that affirm diabetes in the survey. If the survey is considered as the standard, these are the
predictive value positives for each group.
Among patients with no diabetes diagnostic codes, 6.8% indicated diabetes in the
survey. The percentage increases substantially with the presence of codes, to 37.4%
for a single outpatient code, 50.8% for a
single inpatient code, and ⬎70% for all
combinations of two or more codes (indicated in bold type). Based on these findings, we considered two or more
diagnostic codes to be part of our working
definition for diabetes.
The bottom of Table 2 shows a number of parameters for varying definitions
based on codes, with our choice of two or
more codes in bold. Prevalence varies predictably from a low of 6.9% for any inpatient codes to a high of 22% for any codes.
As the number of codes required increases, the prevalence and sensitivity decrease. Specificity varies less across the
definitions but is generally higher with
more codes required. The other columns
in this table show the percent of patients
who were on diabetes medications or had
HbA1c testing with various test results
over the prior 9-month period. The percentages tend to increase with increasing
numbers of codes required.
Our choice of two or more codes represents a reasonable compromise. Including those with a single inpatient code, as
has been recommended by Hebert et al.
(15) based on analyses of Medicare data,
would make little difference in prevalence
and sensitivity but would include patients
with a positive predictive value of only
50% and a medication prescription rate of
only 38% (data not shown). Using our
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Diabetes‡

FY1999—10/98–9/99
Diabetes

Diabetes

FY2000—10/99–9/00
All patients

1999 survey¶

SR

Diabetes prevalence

Crude

Prevalence (%)

SR

No.

Crude

%

SR

No.

Crude

14.2

Prevalence (%)

20.0

No.

No.

11.4

15.9
12.6

%

SR

19.6

20.7
10.3

Crude

10.2 3,332,566

13.1
9.7

6.7
15.9
27.2
32.1
28.5
21.8

Prevalence (%)㛳

18.6

20.2
8.4

7.0
16.7
24.4
27.0
24.7
18.9

654,677

3,094,710

11.7 3,177,093 95.3 641,598
8.9
155,471 4.7 13,079

4.4
11.8
21.0
28.6
26.9
23.4

576,985

9.1

19.2
7.9

4.0
12.2
19.9
27.0
25.7
19.8

16.7

2,948,302 95.3 565,435
146,407 4.7 11,550

12.1 16,039
19.9 81,036
17.9 118,860
23.7 213,991
23.2 198,950
3.2 21,149

10.3
7.9

3.7
10.4
19.3
26.3
25.5
23.0

17.2
7.1

3.4
10.9
18.5
26.2
25.5
20.0

12.8
19.3
19.5
28.9
18.9
—

402,214
661,935
597,212
791,411
772,972
106,822

12.5 13,323
20.3 68,367
17.6 100,882
22.7 184,089
23.1 182,921
3.7 22,576

19.0
22.1
24.2
24.3
20.9

1,885,611 60.9 418,339
420,849 13.6 93,545
124,965 4.0 31,117
9,079 0.3
2,185
21,565 0.7
6,440
632,641 20.4 25,359

387,692
629,615
544,542
703,886
715,977
112,998

10.5
13.9
13.3
14.9
16.1
—

8.0
8.7
17.4
24.1
23.9
22.2

23.8
23.4
26.6
25.3
31.1
—

2.7
9.0
16.1
23.9
24.5
19.3

9.4 2,000,738 60.0 476,426
12.7
420,156 12.6 98,236
12.0
131,940 4.0 35,057
13.8
8,978 0.3
2,268
14.9
22,102 0.7
6,883
—
748,652 22.5 35,807

8.4
11.3
10.5
12.0
13.1
—

22.2
22.2
24.9
24.1
29.9
—

19.9
20.2
22.4
21.8
26.8
—

All patients

Table 1—VA patients 1998 –2000: demographics and diabetes prevalence

No.

FY1998—10/97–9/98*

%§

All patients†

No.
Overall
2,924,148
489,596
Sex
Male
2,786,407 95.3 479,874
Female
137,741 4.7
9,722
Age (years)
18–44
371,179 12.7 10,084
45–54
598,752 20.5 53,881
55–64
504,522 17.3 81,001
65–74
646,225 22.1 154,154
75–84
683,000 23.4 167,269
85–108
120,470 4.1 23,207
Race
White
1,780,199 60.9 354,970
African American
415,119 14.2 83,827
Hispanic
119,821 4.1 26,816
Native American
9,127 0.3
1,989
Asian/Pacific Islander
21,060 0.7
5,641
Unknown
578,822 19.8 16,353

*Fiscal years from October 1997 to September 2000; †veteran with any VA medical care use in year; ‡among all patients, those with a VA diabetes medication prescription in the year and/or two or more diabetes
diagnostic codes in the prior 24 months in the combined health care data from the VA and Medicare; §column %— distribution of all patients by demographics; 㛳row %—proportion of all patients in row with
diabetes; ¶National Health Survey (n ⫽ 877,775) conducted July 1999; SR, standardized rate— directly standardized to the sex, age, and race distribution of the general U.S. adult population in 2000.
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Any
Any OP
Any IP
2⫹OP or 1⫹IP
2ⴙ any
2⫹ OP
3⫹ any
3⫹ OP
4⫹ any
4⫹ OP

85.3%
85.8%
93.7%
92.8%
93.4%
93.7%
95.2%
95.4%
96.0%
96.2%

Positive
predictive
value‡

7.0%
40.0%
72.5%
84.3%
96.2%

95.7%
95.9%
99.4%
98.1%
98.3%
98.4%
98.9%
98.9%
99.1%
99.2%

Specificity§

6.8%
37.4%
70.3%
82.8%
95.8%

50.8%
74.9%
85.5%
91.0%
97.0%

92.0%

19.1%

78.3%
77.5%
26.9%
73.7%
73.1%
72.2%
69.0%
68.0%
65.0%
63.8%

Sensitivity㛳

70.2%
80.5%
88.1%
91.8%
96.6%

95.0%

2

68.9%
70.2%
74.7%
77.6%
80.9%
82.1%
84.4%
85.3%
86.4%
87.1%

Diabetes
medication

82.9%
76.5%
82.5%
97.7%
97.1%

96.1%

3

0
1
2
3
4⫹

67.1%
68.7%
67.5%
72.8%
75.4%
76.4%
77.8%
78.6%
79.1%
79.8%

Any

36.1%
37.4%
37.6%
41.0%
42.1%
43.0%
44.5%
45.2%
45.9%
46.6%

value of 7⫹

HbA1c testing

23.5%
24.4%
25.0%
26.8%
27.6%
28.2%
29.3%
29.7%
30.3%
30.7%

value of 8⫹

6.8%
38.6%
70.8%
83.0%
96.0%

Total number of codes

Prior treatment and testing†

71.6%
77.9%
89.0%
86.9%
97.0%

96.3%

4⫹

*Diagnostic codes from VA and Medicare records from 7/97 to 6/99; †diabetes medication prescriptions and HbA1c testing from 10/98 to 6/99; ‡those indicating diabetes in survey as a percent of those with
specified diabetes diagnostic codes in row; §those without the specified diabetes diagnostic codes in row as a percent of those not indicating diabetes in survey; 㛳those with specified diabetes diagnostic codes
in row as a percent of those indicating diabetes in survey. OP, outpatient; IP, inpatient.

22.0%
21.7%
6.9%
18.9%
18.7%
18.4%
17.3%
17.0%
16.1%
15.8%

Diagnostic codes

0
1
2
3
4⫹

Prevalence
rate

# of codes in
outpatient
records

1

0

Number of codes in inpatient records

% indicating diabetes in survey by diabetes diagnostic codes in prior 24 months*

Table 2—Agreement of diabetes diagnostic codes with patient survey, medication prescriptions, and HbA1c testing among 737,340 VA patients who completed a 1999 survey
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definition, the diabetes prevalence is
18.7%; specificity and sensitivity are 98.3
and 73.1%, respectively; and the medication treatment and HbA1c testing proportions seem reasonable, at 80.9 and 75.4%,
respectively.
Figure 1A and B show results of cumulative prevalence calculations based
on diagnostic codes for the 3-year period
from October 1996 through September
1999. Figure 1A shows how rates vary
over time with variation in the number of
codes required. As the number of codes
required in the definition increases, the
length of surveillance required to obtain
nearly stable rates increases. For the definition using two or more codes, 24
months are needed to attain the maximum, stable rate, although ⬎90% of that
rate is attained at 12 months. These rates
are unadjusted since they accumulate
both numerator (diabetes cases) and denominator (VA patients) incrementally
among veteran patients without accounting for death or attrition or restricting to
patients alive and using services in a given
year. Figure 1B shows cumulative prevalence for the same period using two or
more codes as the definition but with adjustment incrementally for death and attrition; attrition is defined as no use of
services for 12 months following the last
visit or stay.
Based on these analyses and on the
knowledge that diabetes medication use
is a specific indicator of the disease, our
working definition for the identification
of patients with diabetes is as follows: prescription for diabetes medication in the
current year and/or two or more ICD9-CM codes for diabetes in current and
past years (24 months) from inpatient
stays and/or outpatient visits on separate
days, excluding codes from lab tests and
other nonclinician visits.
We applied this definition in estimating diabetes prevalence for the 3 years of
the study; the estimates, along with additional estimates of how these rates vary
with modifications of the definition, are
presented in Table 3. The prevalence estimates for the 3 years are 16.7, 18.6, and
19.6%. Diagnostic codes from outpatient
visits are the most important source of
indicators of the disease, since missing
medication or inpatient data results in
decrements in the prevalence estimates of
no more than 0.8%. Missing Medicare
data would be a more critical element
since its inclusion accounts for ⬃2% in

the estimates or nearly 60,000 cases in
each year. Furthermore, given the larger
decrement in rates observed for lack of
medication data in the absence of Medicare data, Medicare data seem to identify
many patients with VA prescriptions but
minimal use of VA services. Attempts to
improve the accuracy of outpatient diagnostic codes by either requiring 7 days
between days with codes or restricting to
codes from primary care visits made small
differences in the rates, and our decision
to exclude codes from laboratory tests and
other nonclinician visits also had a very
small effect on the rates. Classifying patients with a single inpatient code as diabetic (15) increases prevalence by no
more than 0.3%, but considering those
with a single outpatient code as diabetic
increases rates substantially; if both are
included in the definition, rates increase
by ⬃3%. We have already shown in our
evaluation how this does not seem to be
justified. Classifying patients with a sole
indicator of either multiple HbA1c tests or
high values from these tests adds few additional patients and does not seem
justified.
Prevalence estimation
Prevalence of diabetes in the VA patient
population is summarized in Table 1. We
present both crude and standardized
rates, overall and within subsets defined
by sex, age, and race. Given that the VA
patient population is older and predominantly male, it is not surprising that standardization resulted in lower rates. The
crude prevalence estimates for the 3 years
are 16.7, 18.6, and 19.6%, indicating
rates that are both high and trending upward. Even after standardization, the
rates are 9.1, 10.2, and 11.4%, indicating
a 25% increase in prevalence over the
3-year period. Diabetes prevalence is
higher in men and increases with age up
to 65–74 years, with modest declines in
rates at older ages. As expected, prevalence is higher in Hispanic and racial minority patients than in whites, with the
highest standardized rates in patients who
are Native American or Asian/Pacific
islanders.
Diabetes prevalence estimates based
on survey responses to the diabetes question are presented for comparison purposes. Since the survey was completed in
the last quarter of FY1999, it should be
compared with FY2000 estimates from
the medical and administrative data. Sur-
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vey estimates of prevalence are similar
and somewhat higher, particularly after
standardization. Standardization made
less of a difference in the survey estimates
because of the much lower proportion of
unknown race in the survey sample
(4.1%) as compared with the total population (19.8%), although unknown race
from administrative data was ⬍5%
among patients with diabetes.
Mortality, persistence, and incidence
estimation
VA patients from FY 1998, stratified according to diabetes status, were followed
forward in time to estimate persistence of
diabetes status in medical and administrative data, mortality among diabetic patients, and incidence of new diabetes
among those without it at baseline. This is
summarized in Table 4 and cumulative
incidence is presented in Fig. 1C and D.
Mortality among patients with diabetes
averaged 5.0% per year over the 2-year
period of follow-up as compared with
2.6% among patients without diabetes. A
small percent (1.2%) of diabetic patients
with no registration of death had no
record of health care from VA or Medicare
records. These patients may be receiving
health care with other sources of coverage, and many of them are likely to be in
long-term care, probably with Medicaid
coverage. Another 4.7% of diabetic patients had no VA service use in that period
but had Medicare claims only. Of the remaining 411,492 patients with diabetes
in FY1998 and subsequent use of VA services, most (90.8%) met our definition for
diabetes in the subsequent 2-year period,
3.1% had a single diabetes diagnostic
code, and 5.9% had no indication of diabetes. Persistence was higher (96.4%)
among surviving and VA service– using
patients taking diabetes medication.
Diabetes incidence was estimated in
the 1,946,413 VA patients who did not
meet our definition for diabetes in
FY1998 but survived and continued using VA services. Of these patients, 3.9%
subsequently met the diabetes definition,
providing an estimate of annual incidence
of almost 2%. Another 2.7% of these patients subsequently had a single diabetes
diagnostic code. Those patients who we
considered to be free of diabetes in
FY1998 included nearly 4% with a single
diabetes diagnostic code in the baseline
year. While a large percentage of these
patients received the code in error or as
B15

Figure 1—Cumulative incidence and prevalence of diabetes.
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Table 3—Diabetes prevalence in VA patients 1998 –2000*—with variation in diabetes definition

Working definition:
VA and/or Medicare, diabetes medication in current year, and/
or 2⫹ ICD-9-CM codes for diabetes over current and past
year (24 months) from inpatient stays and/or outpatient
visits on separate days excluding codes from lab tests and
other nonclinician visits
Same as working definition except missing data sources:
No medication data, 2⫹ codes
No inpatient data, medication and/or 2⫹ codes from
outpatient visits only
No outpatient visit data, medication and/or 2⫹ codes from
inpatient stays only
Same as working definition except no Medicare data:
VA data only medication and/or 2⫹ codes
VA data only, no medication data, 2⫹ codes
VA data only, no diagnostic code data, diabetes medication
Same as working definition, with all data, varying code
definitions:
Medication and/or 2⫹ codes from inpatient or outpatient visits
requiring at least 7 days between days with codes
Medication and/or 2⫹ codes from inpatient or primary care
outpatient visits only
Medication and/or 2⫹ codes from inpatient or outpatient visits
including those from lab tests2
Medication and/or 1 code from inpatient stays and/or 2⫹
codes from outpatient visits
Medication and/or any (1⫹) codes from inpatient or outpatient
visits
Same as working definition, adding cases based on HbA1c testing:
Medication and/or 2⫹ codes and/or 2⫹ HbA1c tests in current
year
Medication and/or 2⫹ codes and/or HbA1c value of seven or
higher in current year

1998 (2,924,148)

1999 (3,094,710)

2000 (3,332,566)

No.

Prevalence†

No.

Prevalence

No.

Prevalence

489,596

16.7%

576,985

18.6%

654,677

19.6%

485,551
474,886

16.6%
16.2%

556,240
552,323

18.0%
17.8%

637,417
643,442

19.1%
19.3%

373,247

12.8%

464,609

15.0%

476,084

14.3%

438,110
410,845
337,074

15.0%
14.1%
11.5%

510,926
474,546
439,283

16.5%
15.3%
14.2%

588,105
559,504
434,507

17.6%
16.8%
13.0%

482,553

16.5%

561,044

18.1%

638,788

19.2%

471,160

16.1%

549,807

17.8%

634,022

19.0%

491,197

16.8%

578,464

18.7%

656,622

19.7%

494,181

16.9%

581,805

18.8%

663,181

19.9%

573,063

19.6%

676,854

21.9%

775,800

23.3%

489,910

16.8%

577,922

18.7%

658,642

19.8%

490,235

16.8%

583,633

18.9%

662,130

19.9%

*Fiscal years from October 1997 to September 2000; †proportion of all patients in year with specified definition of diabetes; ‡and other nonclinician visits.

part of screening for diabetes, many of
them were likely to have been diabetic or
at least pre-diabetic. Therefore, it is not
surprising that a substantial fraction of
these patients met our definition for diabetes in the subsequent 2 years (26.7%)
or had a single diabetes diagnostic code in
that period (9%). It is evident from the
cumulative incidence curves (Fig. 1C)
that the number of patients enumerated
with a single diabetes diagnostic code increases more steeply than the number
with two or more or with use of diabetes
medication (Fig. 1D). This suggests a
combination of both increasing incidence
and increasing screening for diabetes with
assignment of initial diagnostic codes for
diabetes.

CONCLUSIONS
Developing methodology for use of
medical administrative data
This study has demonstrated the value of
using computerized medical and administrative data for disease-rate estimation in
a patient population, but also shows the
importance of considering a number of
potential limitations in using and interpreting these data. Our best definition of
diabetes using diagnostic codes and prescription records showed good performance in a number of ways. Validity was
evident from the evaluation using survey
self-report of diabetes as the standard, in
that our diabetes diagnostic code definition was found to be a good predictor
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(93%) of diabetes report in the survey, a
highly specific (98%) indicator of diabetes with few false positives, and reasonably sensitive (73%) for identifying all
patients with diabetes. Our best definition
also had good face validity in that prevalence rates showed expected variation according to sex, age, and race, and patients
identified as having diabetes had nearexpected levels of medication treatment
(81%), HbA1c diagnostic testing (75%),
and mortality (5% per year). The definition also appeared to have reasonably
good reliability in that nearly all (91%)
patients classified with diabetes who survived and continued using VA services
had their status confirmed in subsequent
years.
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2.5%

Two or more
diagnoses

23,065

21,226
27,822
5,992
4.7%

4.3%
5.7%
1.2%
6,278

12,274
18,110
2,483
1.9%

3.6%
5.4%
0.7%
23,072

21,269
27,875
5,544
4.8%

4.4%
5.7%
1.1%
2,345

1,125
3,747
188

No diagnoses, no
medication

Either

2.8%

1.3%
4.5%
0.2%

49,426

2.1%

40,704 1.7%
58,876 2.5%
331,727 14.1%

51,771

2.1%

41,829 2.2%
62,623 3.1%
331,915 13.6%

2.9% 2,351,085 80.4% 2,434,552 83.3%

Single diagnosis,
no medication

489,596 16.7% 337,074 11.5% 485,551 16.6% 83,467

Medication
prescription

3.1%

3,094,710
3,332,566

1,843,537 78.2%

73,361
6.1%

3.1%
5,383

5,238

1.8%

1.8%

24,249

12,257

6,861

9.0%

45,887

55,037

2.5%

2.9%

52,748

75,326

2.7%

3.9%

3.2% 2,417,856 78.1% 2,517,725 81.4%
3.6% 2,556,766 76.7% 2,677,889 80.4%

5.9% 48,912 64.3% 1,769,427 94.6% 1,818,339 93.4%

3.0%

576,985 18.6% 439,283 14.2% 556,240 18.0% 99,869
654,677 19.6% 434,507 13.0% 637,417 19.1% 121,123

25,197

12,660

476,696 20.2% 373,634 90.8% 287,308 96.4% 371,285 91.0% 20,289 26.7%

2,357,905 80.6% 411,492 84.0% 297,929 88.4% 407,791 84.0% 76,061 91.1% 1,870,352 79.6% 1,946,413 79.9%

72,357

63,055 2.2%
90,445 3.1%
340,386 11.6%

2,924,148

Either

Diabetes absent in FY1998

*Veteran patients with VA use 10/97–9/98 with diabetes defined as a diabetes medication prescription 10/97–9/98 and/or 2⫹ ICD-9 codes in VA or Medicare records for diabetes 10/96 –9/98; †veteran patients
with VA use 10/98 –9/99 with diabetes defined as a diabetes medication prescription 10/98 –9/99 and/or 2⫹ ICD-9 codes in VA or Medicare records for diabetes 10/97–9/99; ‡veteran patients with VA use
10/99 –9/00 with diabetes defined as a diabetes medication prescription 10/99 –9/00 and/or 2⫹ ICD-9 codes in VA or Medicare records for diabetes 10/98 –9/00.

1998 overall*
Among those with VA use 10/97–9/98:
Subsequent vital status and service use
Died 10/97–9/98
Died 10/98–9/99
Alive 9/99, no VA use or Medicare
claims 10/99–9/00
Alive 9/99, no VA use, Medicare
claims only 10/99–9/00
Alive 9/99, VA use 10/99–9/00
Among those with VA use 10/97–9/98
and 10/99–9/00:
Subsequent diabetes status
2⫹ diabetes codes 10/98–9/00 or
diabetes medication 10/99–9/00
1 diabetes code only 10/98–9/00, no
diabetes medication 10/99–9/00
No diabetes codes 10/98–9/00, no
diabetes medication 10/99–9/00
1999 overall†
2000 overall‡

All patients

Diabetes present in FY1998

Table 4—Survival, health care use, and diabetes persistence and incidence in follow-up of 1998 VA patients
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Our best definition was chosen only
after careful consideration of the tradeoffs of various modifications. For example, any modifications to our definition in
terms of number of codes required or
source of codes resulted in less favorable
trade-offs in terms of sensitivity, specificity, and resulting prevalence. One variation that we did consider carefully was the
inclusion of patients with a single inpatient code since this definition has been
used by others based on an analysis of
Medicare data (15). It is interesting that,
in our evaluation, sensitivity (74%) and
specificity (98%) for this definition were
identical to those reported from the Medicare analysis, while positive predictive
value was higher (93 vs. 84%), reflecting
the higher prevalence of diabetes in the
VA. Nevertheless, we judged this definition to be less optimal then ours since
diabetes was confirmed in only 50% of
the added patients and relatively few of
them received diabetes treatment or
HbA1c testing. It is possible that the Hebert definition (15) performs better in patients covered by Medicare as opposed to
the VA, but there is no evidence for this.
While there may be some overcoding of
diagnoses in VA records (12), coding of
diagnoses in Medicare records may be
susceptible to gaming or “diagnosisrelated group or DRG creep” (10,28 –30),
resulting in more error and less reason to
accept a single code in the definition.
Another modification that we considered that has been reported by others was
the broader inclusion of all patients with
any diagnostic code for diabetes (18,31).
Clearly many of those patients with a single code in the 24-month period did have
diabetes, as suggested by the high proportion (36%) of these patients with such
codes and/or diabetes medication prescriptions in subsequent years. Not including them in the definition results in
some underestimation of the true prevalence by perhaps 1%. Including them
would introduce significant error, however, in falsely classifying patients as diabetic who may be pre-diabetic or not have
the disease at all. In our evaluation, specificity only goes down to 95.7% for this
definition, but it is likely that a proportion
of patients affirming diabetes in the survey did not actually receive a diagnosis
but were only screened for the disease or
discussed it with their doctor.
A noteworthy finding from our analysis is the importance of including Medi-

care data in estimating disease rates in the
VA. Most VA patients over the age of 65
years and a substantial proportion of
those who are younger are eligible for
Medicare benefits. It is known from both
administrative records and patient reports that the majority of VA patients use
non-VA services for part of their health
care (23,32). In our analysis, without
Medicare data, we would have missed
identification of nearly 60,000 cases per
year, and prevalence rates would be lower
by ⬃10%. Without Medicare and VA
medication data, the rates would be 15%
lower. This finding highlights the importance of considering dual coverage in VA
patients and the broader problem of complexity in health care coverage and provision for many in the U.S. in using medical
and administrative records for disease estimation.
Other modifications to our definition
made less difference. This includes the
period of surveillance used to capture indicators of disease, various steps that may
be taken in attempting to improve accuracy of diagnostic codes, and the use of
laboratory data as a sole indicator of disease. Our analysis informed our decisions
in how to best estimate diabetes prevalence in the VA, and the findings of others
may vary depending on differences in the
systems of care studied and the data used
in the estimation process. Our analysis
and findings should be instructive, however, to those who plan to estimate disease
rates using medical and administrative
records.
Diabetes in the VA
Our findings confirm the relatively high
prevalence of diabetes in the VA patient
population. Based on our findings, nearly
one in five patients in the VA have diabetes, and nearly one in four patients who
are a racial or ethnic minority have the
disease. Furthermore, the prevalence appears to have increased substantially from
1998 to 2000.
Our estimate for diabetes prevalence
in the VA differs from those of previous
reports. Pogach et al. (19) reported that,
in 1994, 11.8% of patients at 62 VA medical centers had diabetes based on prescriptions for diabetes medication or
glucose monitoring strips. Kazis et al. (18)
found that 16.9% of VA enrollees who
were in the sampling frame for the 1999
survey had any diagnostic codes for diabetes in VA patient files over the past 2
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years. These earlier and lower estimates
are not in disagreement with our findings,
but were calculated using incomplete data
sources (e.g., no Medicare data) and relatively simple, untested methods. In this
sense, the methodology developed as part
of DEpiC and the prevalence estimates reported here represent a state-of-the-art
approach to disease-rate estimation using
computerized medical and administrative
data.
The prevalence of diabetes among VA
patients is substantially higher than that
of the general population and most other
patient populations. It has been reported
that 7.2% of the adult population in the
U.S. had diabetes in 2000 (33). This compares with our FY2000 standardized estimate of 11.4% based on medical and
administrative data or, perhaps more appropriately, with our standardized estimate from the 1999 survey of 14.2%,
since the general population estimate
comes from a very similar survey question
in the Behavioral Risk Factor Surveillance
System. Recently published estimates of
diabetes prevalence based on insurance
claims or medical data tend to be lower,
including estimates of 4.4% in Hawaii
(34), 4.5% in Ontario (31), 6.7% in Manitoba (35), and 3.6% in the Northern California Kaiser Permanente Medical Care
Program (36). Hebert et al. estimated a
prevalence rate of 13.6% among Medicare
beneficiaries ⬎66 years of age in 1993
(15), as compared with our standardized
estimate of 24.0% in VA patients in 1998.
The higher prevalence of diabetes in
the VA may be due in part to more intense
screening for the disease by VA clinicians.
This may be particularly true for the more
recent years following the change in diagnostic criteria for diabetes by the American Diabetes Association (37) and the
subsequent increase in use of HbA1c diagnostic testing. Based on analysis of data
from the Third National Health and Nutrition Examination Survey, it has been
reported that over a third of diabetes is
undiagnosed and that there are a substantial number of additional people with impaired glucose tolerance (fasting plasma
levels of between 110 and 126 mg/dl)
(38). Intense screening may have resulted
in higher proportions of patients with diabetes receiving a diagnosis in the VA,
but, given that rates are nearly double
those in other populations, it is still likely
that the disease is more common in VA
patients.
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The heavy burden of diabetes among
VA patients and the trend of increasing
prevalence of this condition present challenges for VA clinicians and health system
management in the provision of health
care. Continued monitoring of prevalence, incidence, mortality, and measures
of disease severity and progression, using
the best available methodologies, will
continue to be of great value in this process.
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