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BACKGROUND: Many Veterans treated within the VA
Healthcare System (VA) are also enrolled in fee-for-service
(FFS) Medicare and receive treatment outside the VA. Prior
research has not accounted for the multiple ways that
Veterans receive services across healthcare systems.
OBJECTIVE: We aimed to establish a typology of VA and
Medicare utilization among dually enrolled Veterans with
type 2 diabetes.
DESIGN: This was a retrospective cohort.
PARTICIPANTS: 316,775 community-dwelling Veterans
age ≥ 65 years with type 2 diabetes who were dually
enrolled in the VA and FFS Medicare in 2008–2009.
METHODS:Using latent class analysis, we identified clas-
ses of Veterans based upon their probability of using VA
and Medicare diabetes care services, including patient
visits, laboratory tests, glucose test strips, and medica-
tions. We compared the amount of healthcare use be-
tween classes and identified factors associated with class
membership using multinomial regression.
KEY RESULTS: We identified four distinct latent classes:
class 1 (53.9 %) had high probabilities of VA use and low
probabilities of Medicare use; classes 2 (17.2 %), 3 (21.8
%), and 4 (7.0 %) had high probabilities of VA and Medi-
care use, but differed in their Medicare services used. For
example, Veterans in class 3 received test strips exclusive-
ly throughMedicare, while Veterans in class 4were reliant
on Medicare for medications. Living ≥ 40 miles from a VA
predictedmembership in classes 3 (OR 1.1, CI 1.06–1.15)
and 4 (OR 1.11, CI 1.04–1.18), while Medicaid eligibility
predicted membership in class 4 (OR 4.30, CI 4.10–4.51).
CONCLUSIONS: Veterans with diabetes can be grouped
into four distinct classes of dual health system use,
representing a novel way to characterize how patients
use multiple services across healthcare systems. This
classification has applications for identifying patients fac-
ing differential risk from care fragmentation.
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BACKGROUND

Many Veterans treated within the VA Healthcare System (VA)
are also enrolled in non-VA health insurance and receive
treatment outside the VA (i.e., dual use). As of 2010, 77 %
of Veterans enrolled in the VA had additional health benefits,
with 51 % enrolled in Medicare.1–3 Dual use is anticipated to
increase as the Affordable Care Act and Veterans Choice Act
enhance Veterans’ access to outside care,4–7 and as more
Veterans turn 65 and qualify for Medicare.3,8 Although dual
use of VA and non-VA services may be essential to ensure that
Veterans have access to timely and necessary care, it may also
lead to fragmented medical care,9,10 increased healthcare uti-
lization, and worse health outcomes.10–18

Most of the studies examining the impact of dual health
system use focus on a specific type of medical service (e.g.,
outpatient visits),8,11,16–21 or classify dual use more generally
as the receipt of any type of service in two health systems.8,10–
15,17–25 Yet, Veterans may use different services and to varying
degrees within and outside the VA, making it inadequate to
characterize dual users as a single group. This is particularly
relevant for the one-quarter of all enrolled Veterans with type 2
diabetes.26 Given the multiple healthcare services inherent to
diabetes care (e.g., outpatient visits, laboratory tests, glucose
testing supplies, and medications) and prior studies that have
linked broadly defined dual use of diabetes care with poor
glycemic control and increased costs,25,27,28 diabetes is an
ideal starting point to characterize dual use by considering
multiple facets of care.
To fully understand the growing phenomenon of dual health

system use among Veterans, it is first critical to understand the
specific patterns in which dual users receive care within and
outside the VA. Little is known about these patterns and their
relationship to the quality and quantity of care received. In
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establishing a typology of VA andMedicare utilization among
dually enrolled Veterans 65 years and older with type 2 dia-
betes, our aims were: (1) to use latent class analysis to cate-
gorize Veterans based upon their utilization of diabetes-
specific services within the VA and Medicare; (2) to identify
the factors that are associated with latent class membership;
and (3) to compare the amount of utilization of diabetes health
care services between latent classes.

METHODS

Data Sources

We performed a retrospective cohort study using linked na-
tional patient-level data from the VA and the Centers for
Medicare and Medicaid Services (CMS) from fiscal years
(FYs) 2008 and 2009 (1 October 2007 to 30 September
2009). This study was approved by the Institutional Review
Board of the VA Pittsburgh Healthcare System.
VA data consisted of medical SAS (Statistical Analysis

System) data sets for patient demographic data and diagnosis
codes for all outpatient, inpatient, and emergency department
visits; Decision Support Service data for laboratory tests; VA
Pharmacy Benefits Management data for dispensed outpatient
prescriptions and glucose test strips; and zip code data for
distance to the nearest VA facility.
CMS data consisted of denominator files for Medicare and

Medicaid enrollment and demographic variables; outpatient,
inpatient, and carrier files for all outpatient, inpatient, emer-
gency department, and laboratory claims; Part D event files for
dispensed outpatient prescriptions; and durable medical equip-
ment files for dispensed glucose test strips.

Study Sample

Wepreviously identified a cohort of all 1,158,809Veterans with
type 2 diabetes and at least one outpatient visit within the VA in
FY 2009.27–30 For this study, we restricted our analysis to
Veterans from this cohort age 65 years and older with a docu-
mented diagnosis of type 2 diabetes in FY08, to ensure that
each Veteran required diabetes care throughout all of FY09
(n=565,715). We excluded Veterans who were not enrolled
in Medicare Parts A, B, or D (n=5,030; 0.9 %), and those
enrolled in a Medicare HMO plan (n=131,132; 23.2 %), for
whom we were unable to measure specific service use. We also
excluded Veterans with a hospital or nursing home stay>30
days in FY09 (n=29,849; 5.3 %), as such stays were likely to
disrupt the receipt of outpatient diabetes care. To focus on
Veterans requiring medication treatment for diabetes, we also
excluded 85,511 (15.1 %) who did not receive a diabetes
medication from either the VA or Medicare in FY09.

Diabetes Health Care Utilization

We generated dichotomous indicators to represent any utiliza-
tion of the following 6 diabetes-specific healthcare services

within the VA and Medicare separately: outpatient visits,
laboratory tests, glucose test strips, medications, inpatient
admissions, and emergency department (ED) visits. Data for
these indicators was fully available in both VA and Medicare
data sets. We defined an outpatient visit as any face-to-face
visit31,32 associated with a primary ICD-9 diagnosis code for
type 2 diabetes (online appendix Table 1), or any visit with a
primary care physician or endocrinologist with a diagnosis
code for type 2 diabetes in any coding position.28 We defined
diabetes-specific laboratory tests as serum or point-of-care
hemoglobin A1C and urine microalbumin. We quantified the
number of glucose test strips dispensed. We defined a diabetes
medication as any oral or injectable hypoglycemic agent and
quantified them using 30-day equivalents based on days’
supply.We considered any inpatient admission and emergency
department visit33 that was associated with a primary diagno-
sis code for a diabetes-related diagnosis as previously de-
fined.34 This array of 12 dichotomous indicators of diabetes-
specific healthcare use in the VA and/or Medicare then served
as the basis for the latent class analysis.

Patient Characteristics

We identified patient characteristics associated with member-
ship in each latent class.27–29 Using VA data, we generated
variables for age, sex, race and ethnicity. We classified race/
ethnicity as non-Hispanic white, black, Hispanic, or other
using VA data supplemented by CMS enrollment data when
needed. As proxies of socioeconomic and co-pay status, we
determined each Veteran’s Medicaid eligibility status and VA
priority group (online appendix Tables2a-b).35 We determined
straight-line distance to the closest VA outpatient clinic from
the central point of each Veteran’s residential zip code, given
the known association between distance and dual use.24 We
used ICD-9 codes recorded in both VA and CMS data to
calculate the Charlson Comorbidity Index (excluding diabe-
tes),36,37 number of diabetes complications (e.g., diabetic ret-
inopathy, neuropathy, nephropathy, and peripheral vascular
disease), and the presence of serious mental illness (online
appendix Table 3).

Statistical Analysis
Latent Class Analysis (LCA).We applied LCA to the array
of 12 dichotomous indicators of diabetes-specific
healthcare services received in the VA and/or Medicare.
LCA assumes that an array of observed categorical var-
iables reflects a smaller number of latent variables that
may be used to group subjects.38 In contrast to standard
cluster analysis that uses more arbitrary clustering
criteria, LCA may be applied to categorical variables
and allows for rigorous statistical testing of model fit.
Clustering Veterans in this manner also enables policies
and interventions to be tailored to the specific needs of
different subgroups.39 The goal of LCA in this study was
to identify the smallest number of classes necessary to
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account for patterns of diabetes care utilization received
by Veterans in the VA and/or Medicare.
The number of latent classes was determined iteratively,

beginning with a one-class model and proceeding to test
models with increasing numbers of classes. There is no
gold standard for determining the optimal number of clas-
ses. Therefore, a combination of criteria was used, includ-
ing: interpretability, clinical relevance, and the following
statistical tests of model fit: log-likelihood, Bayesian In-
formation Criterion (BIC), entropy, and boot-strapped
likelihood ratio tests (LRT).38–40 In our final model, we
assigned Veterans to the class that most closely matched
their pattern of diabetes healthcare utilization (i.e.,
assigned to the class with the highest posterior class
membership probability).

Patient Characteristics and Class Membership. After
assigning Veterans to latent classes, we calculated the
median and interquartile range for age, and the frequency
and percent for all baseline categorical variables. To identify
factors associated with latent class membership, we used
multivariable multinomial logistic regression including all
patient characteristics described above, using latent class 1 as
the reference category.

Prevalence of Dual Use and Amount of Care Utilization.We
calculated the percentage of dual users overall and for
each diabetes healthcare service to explicitly show the
prevalence of Veterans within each class who were dual
users of VA and Medicare services. We also examined
the amount of utilization for each diabetes care service
overall, within the VA, and within Medicare, and
compared differences across classes using the Kruskal-
Wallis Test.
The LCA was performed using MPlus version 6.11. All

statistical comparisons among classes were performed using
SAS version 9.3.

RESULTS

Study Sample

The final cohort contained 316,775 community-dwelling Vet-
erans with type 2 diabetes who were age 65 years or older,
dually enrolled in the VA and Medicare fee-for-service, used a
diabetes medication, and had at least one VA outpatient visit
for any reason in FY09. The median age was 74 years (IQR
69–80), 98.7 % were male, and 83.0 % were non-Hispanic
white. Overall, 71.8 % had a categorized Charleson Index ≥ 1
and 47.6 % had at least one diabetes complication (Table 1).
Across all measured diabetes care services, 50.1% of Veterans
used both VA and Medicare benefits for at least one diabetes-
specific healthcare service (i.e., had any dual use for diabetes
care).

Latent Class Analysis

After considering latent class models with two to eight classes,
we determined that a four-class model had the best overall fit.
The four-class model had a lower BIC and higher log-
likelihood value than models with three or fewer classes, a
statistically significant boot- strapped LRT (p<0.001) over
the three-class model, and the highest entropy statistic (0.86)
for all models considered (online appendix Table 4). Given
that inpatient hospitalizations and emergency department
visits happened infrequently and did not significantly contrib-
ute to latent class membership, we removed these variables
from the models.
Veterans in class 1 (n=170,750; 53.9 %) were defined by

their high probability of VA use and low probability of Medi-
care use across all facets of diabetes services (termed “VA
predominant users”) (Table 2). Veterans in class 2 (n=54,606;
17.2 %) had a high probability of VA use across all facets of
care and a high probability of Medicare use for outpatient
visits (87.6 %) and laboratory tests (47.6 %) (termed “VA+
Medicare outpatient service users”). Veterans in class 3 (n=
69,158; 21.8 %) had a nearly 0.0 % probability of receiving
glucose test strips from the VA, but 70.0 % probability of
receiving glucose test strips through Medicare (termed BVA+
Medicare test strip users^). Veterans in class 4 (22,261; 7.0 %)
had a 49.7 % probability of receiving a diabetes medication
through the VA, but nearly a 100 % probability of receiving a
diabetes medication through Medicare (termed BVA+
Medicare prescription users^).
Consistent with the LCA classes, only 7.8 % of VA pre-

dominant users (class 1) were dual users of any diabetes-
specific health service, whereas almost all VA+Medicare
outpatient service users (class 2, 100 %), VA+ Medicare test
strip users (class 3, 100 %), and VA+Medicare prescription
users (class 4, 96.4 %) were dual users (Table 3). Over half of
all VA+Medicare prescription users (class 4, 53.8 %) were
dual users of diabetes medications.

Characteristics of Latent Class Membership

VA predominant users (class 1) were the youngest (median
age 72 years, IQR 68–78) and had the largest proportions of
black (13.5 %) or Hispanic (6.7 %) Veterans (Table 1). VA+
Medicare outpatient service users (class 2) had the highest
percentage with a categorized Charleson Score of ≥ 1 (78.1
%), and ≥ 1 diabetes complications (57.2 %). VA+Medicare
test strip users (class 3) had the highest frequency of non-
Hispanic white (91.0 %) Veterans, and the highest percentage
of Veterans in priority groups 7 (3.2%) and 8 (49%), requiring
co-pays for healthcare services. VA+Medicare prescription
users (class 4) had the highest frequency of Veterans who were
Medicaid eligible (14.7 %), and lived greater than 40 miles
from the nearest VA (6.0 %).
Our multivariable analyses demonstrated that Veterans who

were older, male, had a Charleson Score of ≥ 1 , or ≥ 1 diabetes
complication, all had significantly higher odds of being in
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classes 2–4 versus class 1 (VA predominant users) (Table 4).
Medicaid eligible Veterans had significantly higher odds of
being VA+Medicare prescription users (Class 4) (OR 4.30,
CI 4.10–4.51). Veterans who lived 40 or moremiles from aVA

facility had significantly higher odds of being VA+Medicare
test strip users (Class 3) (OR 1.1, CI 1.06–1.15) or VA+
Medicare prescription users (Class 4) (OR 1.11, CI 1.04–
1.18). Compared to priority group 1, Veterans in priority

Table 1. Baseline Characteristics of Veterans with Diabetes by Latent Class of VA and Medicare Dual Use

Characteristic Overall Latent Classes of Dual Use

Class 1 (VA
Predominant)

Class 2 (VA +
Medicare
Outpatient Services)

Class 3 (VA +
Medicare Test
Strips)

Class 4 (VA +
Medicare
Prescriptions)

N (%) 316,775
(100)

170,750 (53.9) 54,606 (17.2) 69,158 (21.8) 22,261 (7.0)

Age in years, median (IQR) 74 (69–80) 72 (68–78) 75 (70–80) 77 (72–82) 76 (71–81)
Male sex (%) 98.7 98.5 98.9 98.9 98.9
Race/ethnicity (%)
Non-Hispanic White 83.0 77.6 86.8 91.0 90.7
Black 10.0 13.5 7.5 4.9 4.6
Hispanic 5.0 6.7 3.8 2.6 2.8
Other/missing 2.0 2.3 1.9 1.5 2.0
Medicaid eligible (%) 5.3 6.0 3.5 2.1 14.7
> 40 miles to VA facility (%)* 5.4 5.3 5.0 5.9 6.0

VA priority group (%)†

1 16.4 18.7 19.9 11.7 4.6
2 4.6 5.2 4.7 3.6 3.1
3 7.9 8.2 7.7 7.2 7.8
4 4.6 5.4 4.0 3.3 4.7
5 30.1 36.6 21.6 21.4 27.6
6 0.6 0.6 0.5 0.5 0.6
7 2.6 2.3 2.8 3.2 3.0
8 33.3 23.1 38.8 49.0 48.6

Categorized Charleson Comorbidity Index (excluding DM)
0 28.3 33.5 21.9 23.0 19.7
1–2 39.0 39.5 38.0 39.0 37.1
≥ 3 32.8 27.0 40.1 38.0 43.1

Diabetes complications (%)‡

0 52.5 57.8 42.9 49.3 45.4
1–2 31.4 29.9 33.8 32.6 33.2
≥ 3 16.2 12.4 23.4 18.1 21.5
Serious mental illness (%)§ 2.6 2.6 2.6 2.4 3.1

*Distance to the nearest VA defined as the distance from the centroid of each Veteran’s residential zip code to the nearest VA outpatient facility
†Each Veteran is assigned to one of eight priority groups (PG) upon VA enrollment, based upon such factors as service connection, era of service, and
socioeconomic status determined by means testing. A Veteran’s priority group determines the level of copays; For example, Veterans in PG1 have no
copays, while those in PG7 and PG8 have co-pays for prescription drugs, inpatient, and outpatient care
‡Including diabetic nephropathy, neuropathy, retinopathy, and diabetes-related peripheral vascular disease
§Defined as a diagnosis of schizophrenia, schizoaffective disorder, bipolar disorder, delusion and paranoid disorders, and other non-organic psychoses
as detected using ICD-9 codes

Table 2. Predicted Probabilities of VA and Medicare Diabetes Health Services Use, by Latent Classes of Dual Use*

Diabetes-Specific Health Services Latent Classes of Dual Use

Class 1 (VA
Predominant)

Class 2 (VA +Medicare
Outpatient Services)

Class 3 (VA +Medicare
Test Strips)

Class 4 (VA +Medicare
Prescriptions)

N (%): 170,750 (53.9) 54,606 (17.2) 69,158 (21.8) 22,261 (7.0)
Within VA (%):
Outpatient visits 96.8 96.7 93.4 90.7
Laboratory tests 95.2 86.0 78.3 68.2
Test strips 72.6 100.0 0.0 18.5
Medications 100.0 100.0 100.0 49.7

Within Medicare (%):
Outpatient visits† 7.4 87.6 78.9 83.7
Laboratory tests‡ 0.0 47.6 43.0 49.6
Test strips§ 4.3 20.4 70.0 70.4
Medications║ 0.8 7.5 2.1 100.0

*Bolded probabilities represent those services that distinguish each latent class
†Outpatient visits are defined as any face-to-face visit associated with a primary ICD-9 diagnosis code for type 2 diabetes (online appendix Table 1) or
any visit with a primary care physician or endocrinologist with a diagnosis code for type 2 diabetes in any coding position
‡Laboratory tests are defined as serum or point-of-care hemoglobin A1C and urine microalbumin
§Glucose test strips are quantified as single strips
║Diabetes medications are defined as any oral or injectable anti-hyperglycemic agent and quantified using 30-days equivalents based on days’ supply
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groups 7 and 8 had the highest odds of being VA+Medicare
prescription users (Class 4) (Table 4) (PG7 OR 5.23, CI 4.70–
5.81; PG 8 OR 8.63 CI 8.07–9.23).

Diabetes Care Utilization

VA predominant users (Class 1) had significantly fewer total
outpatient visits (median 3, IQR 2–5; p<0.001) than Veterans

in all other classes, and used the fewest number of glucose test
strips (100, IQR 0–300; p<0.001) (Table 5). VA+Medicare
test strip users (Class 3) received the fewest 30-day medication
equivalents (12, IQR 9–20; p<0.001), while VA+Medicare
prescription users (Class 4) received the most (16.9 IQR 12–
25), the majority of which were filled through Medicare.
Laboratory test utilization was similar across groups.

Table 3. Frequency of Dual Use (VA and Medicare) of Diabetes Health Services by Latent Classes of Dual Use*

Diabetes-Specific of Health
Services (%)

Overall Latent Classes of Dual Use

Class 1 (VA
Predominant)

Class 2 (VA +
Medicare
Outpatient Services)

Class 3 (VA +
Medicare Test
Strips)

Class 4 (VA +
Medicare
Prescriptions)

N (%) 316,775 (100) 170,750 (53.9) 54,606 (17.2) 69,158 (21.8) 22,261 (7.0)
Any services 50.1 7.8 100 100 96.4
Outpatient visits 37.5 0.0 91.8 74.6 76.6
Laboratory tests† 14.9 0.0 34.8 30.3 33.2
Glucose test strips‡ 5.1 2.6 16.4 0.0 13.0
Medications§ 5.2 0.9 5.5 0.0 53.8

*Outpatient visits are defined as any face-to-face visit associated with a primary ICD-9 diagnosis code for type 2 diabetes (online appendix Table 1) or
any visit with a primary care physician or endocrinologist with a diagnosis code for type 2 diabetes in any coding position
†Laboratory tests are defined as serum or point-of-care hemoglobin A1C and urine microalbumin
‡Glucose test strips are quantified as single strips
§Diabetes medications are defined as any oral or injectable anti-hyperglycemic agent and quantified using 30-days equivalents based on days’ supply

Table 4. Factors Associated with Dual Use Latent Class Membership Identified Using Multivariable Multinomial Logistic Regression

Class 2 vs. Class 1 Class 3 vs. Class 1 Class 4 vs. Class 1

OR 95 % CI OR 95 % CI OR 95 % CI

Age in years 1.04 (1.04–1.05 ) 1.08 (1.08–1.09) 1.06 (1.06–1.07)
Male Sex 1.16 (1.06–1.27) 1.24 (1.13–1.35) 1.30 (1.14–1.49)
Race/ethnicity
Non-Hispanic White Ref Ref Ref
Black 0.55 (0.53–0.57) 0.42 (0.40–0.43) 0.34 (0.32–0.37)
Hispanic 0.61 (0.58–0.64) 0.45 (0.42–0.47) 0.45 (0.42–0.49)
Other 0.80 (0.74–0.86) 0.70 (0.65–0.76) 0.94 (0.85–1.04)
Medicaid eligibility 0.88 (0.84–0.93) 0.56 (0.52–0.59) 4.30 (4.10–4.51)
> 40 miles to VA facility† 0.95 (0.91–0.99) 1.10 (1.06–1.15) 1.11 (1.04–1.18)

VA priority group‡

1 Ref ref Ref
2 0.92 (0.88–0.97) 1.15 (1.09–1.21) 2.51 (2.27–2.77)
3 0.90 (0.86–0.94) 1.31 (1.25–1.36) 3.48 (3.21–3.77)
4 0.53 (0.51–0.56) 0.74 (0.70–0.78) 1.85 (1.69–2.03)
5 0.56 (0.54–0.58) 0.92 (0.89–0.94) 2.26 (2.11–2.42)
6 1.06 (0.93–1.21) 1.67 (1.47–1.90) 5.51 (4.54–6.68)
7 1.14 (1.07–1.21) 2.04 (1.92–2.16) 5.23 (4.70–5.81)
8 1.61 (1.56–1.65) 3.14 (3.05–3.24) 8.63 (8.07–9.23)

Categorized Charleson Comorbidity Index (excluding DM)
0 ref Ref ref
1–2 1.37 (1.31–1.40) 1.34 (1.30–1.37) 1.49 (1.430–1.55)
≥ 3 1.87 (1.82–1.92) 1.71 (1.67–1.76) 2.26 (2.167–2.35)

Diabetes complications§

0 ref Ref Ref
1–2 1.47 (1.44–1.51) 1.27 (1.24–1.29) 1.40 (1.353–1.45)
≥ 3 2.35 (2.28–2.41) 1.67 (1.62–1.72) 2.09 (2.012–2.18)
Serious mental illness 1.00 (0.94–1.07) 1.06 (1.00–1.13) 1.25 (1.150–1.37)

*Abbreviations: CI - Confidence Interval, OR - Odds Ratio, VA - Veterans Affairs, DM - Diabetes Mellitus. Class 1: VA Predominant, Class 2: VA +
Medicare Outpatient Services, Class 3: VA +Medicare Test Strips, Class 4: VA +Medicare Prescriptions
†Distance to the nearest VA defined as the distance from the centroid of each Veteran’s residential zip code to the nearest VA outpatient facility
‡Each Veteran is assigned to one of eight priority group (PG) upon VA enrollment based upon such factors as service connection, era of service, and
socioeconomic status determined by means testing. A Veteran’s priority group determines the level of copays; For example, Veterans in PG1 have no
copays and those in PG7 and PG8 have co-pays for prescription drugs, inpatient, and outpatient care
§Including diabetic nephropathy, neuropathy, retinopathy, and diabetes-related peripheral vascular disease
Defined as a diagnosis of schizophrenia, schizoaffective disorder, bipolar disorder, delusion and paranoid disorders, and other non-organic psychoses
as detected using ICD-9 codes
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DISCUSSION

Using national data on all VA and Medicare dually enrolled
Veterans receiving medical treatment for diabetes, we identi-
fied four distinct classes of dual enrollees, representing the
most common patterns in which Veterans use diabetes health
services. Across classes, we identified notable differences in
demographics, Medicaid eligibility, VA co-pay requirements,
distance to the nearest VA, and baseline health status. Each
class also utilized different amounts of diabetes services over-
all, within the VA and within Medicare. These findings sug-
gest that important differences in utilization patterns are
missed when studies of dual use only examine individual types
of service.
Our findings exemplify that there is no single type of Bdual

user.^ For example, VA+Medicare outpatient service users
(class 2) and VA+Medicare test strip users (class 3) contained
smaller percentages of Medicaid eligible Veterans than VA
predominant users (class 1). This is consistent with prior
studies that have associated dual use with higher income and
educational attainment.14,15 In contrast, class 4 (VA+
Medicare prescription users) included more than double the
percentage of Medicaid eligible Veterans than class 1 (VA
Predominant Users), had the greatest amount of prescription
dual users, and received a greater number of prescriptions
from Medicare than all other classes. Medicaid enrollment,
which enables Veterans to receive their prescriptions at low
cost throughMedicare Part D, is a significant enticement away
from the VA for some Veterans. This finding is consistent with
recent work demonstrating the impact of Medicaid expansion
on decreasing VA utilization.41 Additionally, differences in
copay requirements for Veterans in each priority group likely,
in part, influenced in which system they received care. For

example, a significant number of Veterans in priority groups 5
and 8 belonged to the BVA+Medicare Prescription user^
class. Veterans in these classes had an $8 copay for all VA
prescription drugs and this cost may create an incentive to
receive their prescriptions at lower cost throughMedicare.42,43

These differences in Medicaid eligibility and priority group
membership across classes highlight the heterogeneity among
dual users.
We also discovered that distance to a VA is associated with

membership in specific dual use classes. This finding is espe-
cially relevant given the recent passage of the Veterans Choice
Act, in which enrolled Veterans who live greater than 40 miles
from a VA facility may now utilize their VA benefits to receive
care from non-VA providers.4 Veterans who lived 40 or more
miles from VA facilities had greater odds of being VA+ test
strip users (class 3) or VA+Prescription Users (class 4) and
received a greater number of test strips and medications
through Medicare, respectively. Were these Veterans to now
receive this care via the Choice Program instead of Medicare,
the VAwould likely encounter increased demand and costs for
these services.
Our findings have important research, policy, and clinical

implications. We have demonstrated that latent class analysis
is a viable approach to precisely characterize the naturally
occurring ways that Veterans’ choose to receive care across
healthcare systems, in contrast to prior studies that defined
dual use in simpler terms.8,10–25 This characterization will
enable researchers to more precisely control for and evaluate
the impact of dual use on quality of care, paving the way for
VA to target policies and interventions at Veterans in those
groups at greatest risk of care fragmentation. Moreover, by
recognizing the common characteristics associated with dual

Table 5. Magnitude of Diabetes Health Services used by Latent Classes of Dual Use*

Diabetes-Specific Healthcare Service,
Median (IQR)

Latent Classes

Class 1 (VA
Predominant)

Class 2 (VA +Medicare
Outpatient Services)

Class 3 (VA +Medicare
Test Strips)

Class 4 (VA +Medicare
Prescriptions)

Outpatient visits†

Total 3 (2–5) 5 (4–8) 4 (3–6) 5 (3–7)
VA 3 (2–5) 2 (1–4) 2 (1–3) 1 (1–2)
Medicare 0 (0–0) 3 (1–4) 2 (1–4) 3 (1–5)

Laboratory tests‡

Total 2 (2–3) 3 (2–4) 2 (1–3) 2 (1–3)
VA 2 (2–3) 2 (1–3) 2 (1–2) 1 (0–2)
Medicare 0 (0–0) 0 (0–1) 0 (0–1) 0 (0–2)

Test strips§

Total 100 (0–300) 250 (100–600) 300 (0–600) 300 (100–700)
VA 100 (0–300) 200 (100–550) 0 (0–0) 0 (0–0)
Medicare 0 (0–0) 0 (0–0) 300 (300–600) 300 (300–600)

Medications (30-day supplies)
Total 14 (10.2–22.6) 15 (11–23.2) 12 (9–20) 16.9 (12–25)
VA 14 (10–22.3) 14.6 (10–22.1) 12 (9–20) 3 (0–12)
Medicare 0 (0–0) 0 (0–0) 0 (0–0) 11 (5–15.4)

*All p values were statistically significant at p < 0.001 (Kruskal Wallis Test)
†Outpatient visits are defined as any face-to-face visit associated with a primary ICD-9 diagnosis code for type 2 diabetes (online appendix Table 1) or
any visit with a primary care physician or endocrinologist with a diagnosis code for type 2 diabetes in any coding position
†Laboratory tests are defined as serum or point-of-care hemoglobin A1C and urine microalbumin
§Glucose test strips are quantified as single strips
Diabetes medications are defined as any oral or injectable anti-hyperglycemic agent and quantified using 30-days equivalents based on days’ supply
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users in classes at greatest risk of care fragmentation, (e.g.,
dual medication users), the findings of this and other latent
class analyses may be integrated into decision support tools to
enable clinicians to more aggressively coordinate the care of
certain Veterans and actively address their drivers of dual use.
This study has important limitations. First, these data only

take into account the dual use of Veterans enrolled in the VA
and fee-for-service Medicare. Veterans dually enrolled in
Medicare Advantage or private insurance may exhibit differ-
ent patterns of dual use.10 Second, prior studies have identified
systemic under-coding of clinical conditions in the VA com-
pared to Medicare claims data, and this could, in part, explain
the increased number of diabetes complications and medical
comorbidities attributed to dual users of Medicare ser-
vices.44–46 Third, our data is from fiscal years 2008 and
2009, and may not reflect patterns of dual use that may have
emerged with the implementation of more recent policies.
Fourth, our cohort is composed of Veterans who are
established VA patients. We therefore do not take into account
those Veterans who are dually enrolled in the VA and Medi-
care but rely on Medicare services alone.

CONCLUSIONS

Using latent class analysis, we established a typology of four
distinct classes representing the most common ways Medicare
dually enrolled Veterans receive diabetes care. This represents
a novel way to study the dually enrolled Veteran population
and lays the foundation to more carefully characterize such
Veterans on the basis of their dual healthcare utilization. This
will enable VA to develop policies and interventions tailored
to those dual enrollees most at risk of care fragmentation and
mitigate the adverse outcomes of dual health system care.
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