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Objective. To evaluate the effect of dual use of VA/Medicare Part D drug benefits on
antihypertensive medication supply in older Veterans with dementia.
Data Sources/Study Setting. National, linked 2007–2010 Veterans Affairs (VA) and
Medicare utilization and prescription records for 50,763 dementia patients with hyper-
tension.
Study Design. We used inverse probability of treatment (IPT)-weighted multinomial
logistic regression to examine the association of dual prescription use with undersupply
and oversupply of antihypertensives.
Data Collection/Extraction Methods. Veterans Affairs and Part D prescription
records were used to classify patients as VA-only, Part D-only, or dual VA/Part D users
of antihypertensives and summarize their antihypertensive medication supply in 2010:
(1) appropriate supply of all prescribed antihypertensive classes, (2) undersupply of ≥1
class with no oversupply of another class, (3) oversupply of ≥1 class with no undersup-
ply, or (4) both undersupply and oversupply.
Principal Findings. Dual prescription users were more likely than VA-only users to
have undersupply only (aOR = 1.28; 95 percent CI = 1.18–1.39), oversupply only
(aOR = 2.38; 95 percent CI = 2.15–2.64), and concurrent under- and oversupply
(aOR = 2.89; 95 percent CI = 2.53–3.29), versus appropriate supply of all classes.
Conclusions. Obtaining antihypertensives through both VA and Part D was associ-
ated with increased antihypertensive under- and oversupply. Efforts to understand
how best to coordinate dual-system prescription use are critically needed.
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Millions of Veterans who obtain health care from the U.S. Department of
Veterans Affairs (VA) also seek care from non-VA sources (U.S. Department
of Veterans Affairs 2016). Veterans aged 65 and older have enhanced access to
non-VA care through almost-universal eligibility for Medicare. Use of non-VA
care among Medicare-eligible VA patients is common (Petersen et al. 2010),
amounting annually to an average of 10 visits to non-VA providers on top of
six outpatient VA visits (Liu et al. 2011). Moreover, 21 percent of Medicare-
eligible VA patients report having Part D prescription drug coverage, the
majority of whom use this coverage to obtain medications from non-VA
sources (Stroupe et al. 2013).

The availability of Medicare Part D coverage may allow Veterans to
more easily access medications. Although many Medicare-eligible Veterans
do not enroll in Part D primarily because they believe they have enough pre-
scription coverage through VA or private insurance, Veterans who enroll in
Part D do so to achieve prescription cost savings, to obtain medications not
available through VA, as a “backup” in case VA benefits change, or due to VA
distance barriers or appointment wait times (Stroupe et al. 2013). However,
this dual use of prescription drug coverage may also constitute a type of care
fragmentation, in that non-VA prescribers may not easily share information
with VA prescribers, which may compromise prescribing quality and safety.
Research on the effect of dual use of VA andMedicare Part D drug benefits on
prescribing is limited, but has shown increases in overall medication
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utilization (Stroupe et al. 2017), use of high-risk medications in the elderly
(Thorpe et al. 2017), and potentially unsafe opioid use (Gellad et al. 2017b,
2018) associated with dual use.

Dual-system prescription use may also impede patients’ ability to
effectively manage and adhere to prescribed regimens. Patients obtaining
prescriptions from multiple, disconnected providers may receive conflict-
ing treatment plans and instructions or experience worse communication
with providers, which may hinder their ability to consistently take and/or
refill medications for chronic conditions (Chen, Tseng, and Cheng 2013;
Hong and Kang 2014; Hansen et al. 2015). Dual VA and non-VA pre-
scription use may also lead patients to receive more medication than is
required (i.e., medication oversupply), if prescribers who are unaware of
one another issue duplicate prescriptions (Farley et al. 2011). Receiving
oversupplies of medications could result in adverse events if excess medi-
cations are actually taken, and wasted health care resources and increased
patient and health system costs even if not taken (Stroupe et al. 2004,
2006; Krigsman et al. 2007).

Therefore, obtaining medications from both VA and non-VA sys-
tems may represent a unique type of care fragmentation for Veterans that
undermines extensive efforts VA has taken to enhance care coordination
within the VA through their implementation of Patient-Aligned Care
Teams (PACT), VA’s version of the patient-centered medical home (Nel-
son et al. 2014; Schectman and Stark 2014; Yano et al. 2014). The risk of
undersupply and/or oversupply due to dual use of VA and Part D drug
benefits may be especially high among complex patients with multiple
conditions, who have increased needs for medications and specialty care,
but reduced functional and cognitive capacity to navigate multiple health
care systems.

Our objective was to evaluate the effect of obtaining chronic disease
medications through VA and Part D, versus VA-only, on medication
undersupply and oversupply in older Veterans with dementia. We focused
on Veterans with dementia because of their increased risk for medication
underuse (Smith et al. 2017; El-Saifi et al. 2018) and higher potential vul-
nerability to care fragmentation. We focused on antihypertensive agents
because hypertension is the most common chronic condition affecting
patients with dementia (Maslow 2004; Schubert et al. 2006). A secondary
objective was to compare antihypertensive medication supplies for Veter-
ans obtaining all antihypertensive agents through Part D, relative to VA-
only users.
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METHODS

This study was a secondary analysis of 2007–2010 health care utilization and
prescription drug–dispensing data from the VA and Centers for Medicare &
Medicaid Services (CMS), for a national cohort of Veterans with dementia
dually enrolled in VA andMedicare fee-for-service (FFS) benefits. The Institu-
tional Review Boards at the VA Pittsburgh Healthcare System and the Dur-
hamVAMedical Center approved this study.

Data Sources

The VA Medical SAS files (VIReC 2015a,b) provided data on outpatient,
inpatient, and nursing home encounters in VA facilities, including dates of ser-
vice, diagnoses, and patient demographics. VA Pharmacy Benefits Manage-
ment (PBM) records (U.S. Department of Veterans Affairs 2008) summarized
outpatient medications dispensed from VA, providing drug name, dispensing
date, quantity, and days’ supply dispensed. The VA Information Research
Center (VIReC) provided linkedMedicare and VA enrollee files for CY2007–
2010 (Hynes et al. 2007; U.S. Department of Veterans Affairs). CMS medical
claims (U.S. Department of Veterans Affairs) included the Medicare Provider
Analysis and Review (MedPAR) file, providing data (dates of service, diag-
noses) on hospital and skilled nursing facility stays; outpatient facility claims
submitted by institutional providers, and carrier claims submitted from
physicians and other noninstitutional providers. The Medicare Part D
prescription drug event “slim” file provided drug name, National Drug Code
(NDC), dispensing date, quantity, and days’ supply for medications dispensed
through Part D. The Medicare Master Beneficiary Summary File (MBSF)
provided patient demographics, chronic condition diagnoses, and periods of
enrollment in Medicare and Medicaid benefits. VA and CMS data files were
linked to one another via the patient’s scrambled social security number
(SSN). We used the Area Health Resources File (AHRF) (U.S. Department of
Health and Human Services, Health Resources & Services Administration,
Bureau of Health Professions 2012–2013) to link county-level access to care
covariates not available in VA data to Veteran’s county of residence. The VA
National Drug File (NDF), maintained by VA Pharmacy Benefits Manage-
ment Services, was used to group drugs in PBM and Part D files into a com-
mon set of therapeutic classes (Pharmacy Benefits Management Services
2016) (class list available at www.pbm.va.gov/nationalformulary.gov).

5378 HSR: Health Services Research 53:6, Part II (December 2018)

http://www.pbm.va.gov/nationalformulary.gov


Sample

Figure 1 shows the process of sample selection. VA and CMS data files were
obtained for all Veterans aged ≥68 years or older as of January 1, 2010, who
had at least one dementia ICD-9 diagnosis code in Medical SAS files or Medi-
care claims in any of the prior three years (2007–2009). We used the CMS
algorithm for Alzheimer’s disease or a related disorder to identify diagnosis
codes for dementia (Buccaneer Computer Systems & Service, Inc. 2013), in
order to have good sensitivity and specificity compared to a gold-standard
clinical dementia assessment (Taylor et al. 2009) (Table S1). To ensure com-
plete data availability for covariate development, we excluded Veterans not
continuously enrolled in both VA and Medicare Parts A and B over 2007–
2010 (or if they died in 2010, up until their death date). Patients with other drug
coverage through Medicare Advantage or an employer-sponsored drug plan
in 2010 were excluded, as were patients with no prescriptions in either VA
PBM outpatient records or Medicare Part D in 2010, and a very small number
of patients residing outside of the United States. We further limited the sample
to patients with a hypertension diagnosis in either VA records or Medicare
claims (Buccaneer Computer Systems & Service, Inc. 2013). To ensure the
ability to calculate 2010 adherence values for all patients, we required them to
have at least one antihypertensive medication dispensed through VA or Part
D in the last 120 days of 2009 and at least once in 2010. We excluded patients
with fewer than 90 total days in 2010 when they were alive and not in an inpa-
tient setting. The final sample consisted of 50,763 Veterans with dementia
actively treated for hypertension in VA and/orMedicare Part D.

Measures

Dependent Variable. The primary dependent variable was patients’ 2010 anti-
hypertensive medication supply, considering both VA and Part D prescrip-
tions. Because providers may choose from several antihypertensive classes
and often prescribe more than one, we sought to create one patient-level vari-
able that summarized their annual supply of all antihypertensive classes pre-
scribed at the start of 2010. To create this summary variable, we first identified
antihypertensive classes for which patients had at least one fill in either VA or
Part D during the last 120 days of 2009 and calculated class-specific 2010med-
ication supply values for these classes. A 120-day window was used because
even patients receiving 90-day prescriptions with some intermittent nonad-
herence would be expected to have refills during this time frame.
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Antihypertensive classes and specific agents included were defined using the
VA NDF (Pharmacy Benefits Management Services 2016); see Table S2. We
searched for all VA and Part D prescription records for fills associated with
generic drug names and/or National Drug Codes (NDCs) corresponding to
these classes. Fills for combination products were included in calculations for
each class in the combination product.

For each class patients obtained in the last 120 days of 2009, we used dis-
pensing date and days’ supplied for the 2009 index fill and all subsequent

191,293 Veterans aged 68+ with 
dementia as of Jan. 1, 2010, who 
continuously enrolled in VA and 

Medicare Parts A and B over 
2007-2010 

- 53,164 (27.8%) with employer-sponsored drug 
or enrolled in Medicare HMO in 2010

138,129 (72.2%) dually enrolled 
in VA and Medicare with no other 

source of drug coverage

26,447 (19.1%) without any outpatient 
prescriptions in either system during 2010

854 (<0.6%) from outside of U.S. 

110,828 (80.2%) dual enrollees 
with prescriptions in VA or Part D

28,367 (25.6%) without hypertension

20,516 (24.9%) not taking anti-hypertensive 
medications in the last 120 days of 2009 and 2010

82,461 (74.4%) dual enrollees 
with comorbid hypertension

- 11,182 (18.1%) alive and in outpatient setting 
for fewer than 90 days in 2010

61,945 (75.1%) dual enrollees 
treated for hypertension

Final Sample: 50,763 (81.9%)

Figure 1: Construction of the study sample: 50,673 VA-Medicare fee-for-
service (FFS) dual enrollees with dementia, who were actively treated for
hypertension in 2009 and 2010
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2010 refills to calculate the proportion of days in 2010 for which the patient
had medication in their possession, divided by 365 days, per previously pub-
lished methods (Bryson et al. 2007; Thorpe et al. 2009, 2015). For patients
who entered an inpatient setting or died in 2010, the denominator of the class-
specific supply values was decreased to include only days the patient was alive
and not in an inpatient setting. Extra days’ supply from refills near the end of
the year in which days’ supply dispensed exceeded number of days left in the
year were not included. From these class-specific values, we categorized
patients using the following thresholds based on prior research (Stroupe et al.
2000, 2006; Morris et al. 2006; Krigsman et al. 2007; Yang, Barner, and
Worchel 2007; Thorpe et al. 2009, 2015; Hedna et al. 2013; Chen, Blank, and
Cheng 2014): appropriate supply (≥80 percent to <120 percent of days cov-
ered) of all classes, undersupply (<80 percent) of at least one antihypertensive
class with no oversupply of another class, oversupply (>120 percent) of at least
one class with no undersupply of another class, or both undersupply and over-
supply of at least one class.

Primary Independent Variable. The primary independent variable was the
patient’s antihypertensive drug benefit user group, based on where patients
filled antihypertensive prescriptions in 2010: 100 percent from VA (“VA-
only”); 100 percent from Part D (“Part D-only); or at least one antihyperten-
sive from both VA and Part D (“Dual Use”).

Covariates. Past research on dual health care system use (Petersen et al. 2010;
Liu et al. 2011) and the Andersen Behavioral Model of Health Service Use
(Andersen 1995) guided selection of covariates to consider as predictors of
antihypertensive user group and potential confounders of the relationship
between user group and antihypertensive medication supply. The Andersen
model was chosen based on its past use in studies of predictors of medication
utilization (Blalock 2011) and supply (Thorpe et al. 2015). VA encounter
records provided data on predisposing factors, including age (68–74, 75–79,
80–84, or ≥85), sex, and race/ethnicity (white, non-Hispanic; black, non-His-
panic; Hispanic; other). When race/ethnicity was missing in VA data, the
Medicare RTI race variable was used (Eicheldinger and Bonito 2008). The
RTI race variable uses the beneficiary’s race code in Social Security Adminis-
tration records together with an algorithm using beneficiary first and last name
to identify patients’ race and has established validity (Eicheldinger and Bonito
2008). VA enrollment priority status, an enabling factor, was categorized into
four groups associated with generosity of VA health benefits: high disability,
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low/moderate disability, low income, and no service-connected disability/low
income. We used the Medicare MBSF to determine whether patients were
enrolled in Medicaid, the Part D low-income subsidy (LIS) but not Medicaid,
or neither, since both Medicaid and the LIS reduce patient cost-sharing.
County-level enabling variables which may impact the availability of both VA
and non-VA health care services were defined using the AHRF and included
census region (United States Census Bureau 2017) and rurality (U.S. Depart-
ment of Agriculture Economic Research Service 2013). Distance from the cen-
troid of the patient’s ZIP code to the nearest VA facility was obtained from the
VA Planning Systems Support Group database (Pizer and Gardner 2011) and
classified into quartiles, as an additional geographic indicator of Veterans’
access to VA services. Medical need factors included the Elixhauser Comor-
bidity Index (Elixhauser et al. 1998), based on diagnosis codes in 2008–2009
inpatient and outpatient VA and Medicare records. We excluded indicators
for hypertension and neurological conditions because of redundancy with
conditions required for sample inclusion, and peptic ulcer disease, drug abuse,
and AIDS because of low prevalence (<1 percent). We also included the total
count of Elixhauser conditions (0–2, 3–4, or ≥5). Use of the antidementia drug
memantine in 2009 was used as a proxy for dementia stage, as this drug is indi-
cated for moderate to later stage dementia (Food and Drug Administration
2010; VA Pharmacy Benefits Management Services 2014). Other medical
need factors included number of inpatient stays and emergency department
visits in 2009 (Research Data Assistance Center 2008; Hastings et al. 2011;
Wagner, Chow, and Barnett 2011), use of VA home-based primary care in
2009, and number of days the patient was alive in 2010. We also counted the
total number of unique generic medications (0–5, 6–10, 11–15, ≥15) patients
used in 2010. Finally, we included 21 indicators representing the Veteran Inte-
grated Service Network (VISN) of the Veteran’s preferred VA facility, as
VISN is the main administrative unit in the VHA; each VISN is responsible
for service planning and allocation of resources at facilities in their region.

Analytic Approach

Analyses were conducted using Stata v14.2 (StataCorp, College Station,
TX, USA). To address missing data for <0.1 percent of patients on three
variables (driving distance to VA, census region, and rurality), we used
hotdeck imputation, in which missing values are replaced with values
from randomly selected sample members with no missing data (Schon-
lau 2017). We generated descriptive statistics for all covariates and used
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chi-square and t-tests to test for differences across drug benefit user
groups.

To test our hypothesis that dual use of VA and Part D prescription
benefits to obtain antihypertensives would increase likelihood of medication
undersupply and oversupply, we used multinomial logistic regression. We
used inverse probability of treatment (IPT) weights to balance the three drug
benefit user groups on all covariates. Specifically, we estimated the predicted
probability of each “treatment” (VA-only antihypertensive use, Part D-only
use, dual use) for each patient, via multinomial logistic regression including all
covariates and converted these probabilities into stabilized, inverse probabil-
ity of treatment weights (Thoemmes and Ong 2015). These weights were then
applied in a weighted multinomial logistic regression model examining the
relationship between drug benefit user group and patient-level medication
supply categories. We used the “margins” command to calculate the adjusted,
average predicted probability of being in each medication supply category for
each drug benefit user group.

Sensitivity Analyses. We examined robustness of our analyses to two alternative
specifications of the medication supply variable: (1) categorizing patient-level
summary medication supply using a 110 percent cutoff for defining oversup-
ply (Stroupe et al. 2004; Farley et al. 2011; Chen, Blank, and Cheng 2014);
and (2) categorizing patient-level summary medication supply using the mean
of all class-specific medication supply values for each patient. Also, because
descriptive analyses revealed enrollment in Medicaid and/or the Part D low-
income subsidy to be a very strong predictor of dual-system antihypertensive
use, we re-estimated unadjusted and IPT-weighted models after stratifying by
Medicaid/LIS enrollment. Finally, to examine whether associations between
drug benefit user group and medication supply may generalize to other condi-
tions, we conducted a parallel set of analyses on the subsample of Veterans
with dementia who had diabetes and were taking oral hypoglycemic agents
(OHAs) and otherwise met inclusion/exclusion criteria shown in Figure 1 (ex-
cept they were required to have diabetes instead of hypertension; n = 13,857).

RESULTS

Sample Characteristics

Table 1 shows descriptive characteristics of the sample, overall and by
antihypertensive drug benefit user group. The majority was male, White,
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and aged 80 or older. Only 38 percent had no service-connected disabil-
ity or low-income status, and a minority was simultaneously enrolled in
Medicaid (12 percent) or the LIS (2 percent). A majority of patients used
≥10 unique generic medications in 2010 and most used multiple antihy-
pertensive classes.

Ten percent of patients were dual VA/Part D users of antihyperten-
sives, 70 percent obtained all antihypertensives from VA, and 20 percent
obtained all antihypertensives from Part D. Patients differed significantly
across drug benefit user groups on all covariates, except for driving dis-
tance to nearest VA and presence of lymphoma. The largest magnitudes
of differences across user groups were seen for VA priority status, Medi-
caid/LIS enrollment, health status variables, and medication utilization
variables. Dual prescription users (40 percent) and Part D-only users (54
percent) were more likely than VA-only users (34 percent) to not have
service-connected disability or low-income status, and were more likely to
be enrolled in Medicaid (29 percent and 26 percent vs. 6 percent, respec-
tively). Dual prescription users and Part D-only users had more comor-
bidities compared to VA-only users, and dual prescription users were
more likely than VA-only and Part D-only users to use ≥15 total medica-
tions (65 percent vs. 33 percent and 36 percent).

Forty-five percent of Veterans had an appropriate supply of all pre-
scribed antihypertensives; 41 percent had undersupply for ≥1 class (with
no oversupply of another class); 10 percent had oversupply for ≥1 class
(with no undersupply of another class); and 4 percent simultaneously
had oversupply of at least one class and undersupply of another class
(Table 2). Medication supply differed according to drug benefit user
group status. Just 32 percent of dual prescription users had an appropri-
ate supply of all prescribed classes, compared to 47 percent of VA-only
users and 45 percent of Part D-only users. Dual prescription users were
less likely than VA-only users to have undersupply with no oversupply
(38 percent vs. 40 percent), but were more likely to have oversupply
with no undersupply (19 percent vs. 9 percent), as well as simultaneous
oversupply and undersupply (10 percent vs. 4 percent). Part D-only
users were more likely to have undersupply with no oversupply (47
percent) but less likely to have oversupply with (3 percent) or without
undersupply (5 percent). This pattern remained consistent when using
the alternative specifications for the summary medication supply
variable.
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IPT-Weighted Regression Models

The application of IPT weights dramatically improved covariate balance
across drug benefit user groups (Table S3). The only covariates showing statis-
tically significant differences after IPT-weighting included hypothyroidism,
psychoses, and total number of unique drugs; however, differences in these
characteristics across groups after weighting were very small in magnitude
(e.g., after weighting, 36 percent of dual prescription users used ≥15 drugs,
compared to 37 percent of VA-only users and 32 percent of Part D-only
users).

Table 2: Antihypertensive Medication Supply by VA Patients With Demen-
tia, Overall and by HypertensionMedication User Group Status, 2010

Overall
Hypertension
Sample,

N = 50,763

Dual
Prescription

User,
n = 5,194

VA-Only,
n = 35,647

Part D-Only,
n = 9,922 p-Value

Primary outcome: medication supply categories, 120% oversupply cutoff
Appropriate supply of all
classes

22,938 (45%) 1,672 (32%) 16,788 (47%) 4,478 (45%) <.0001

Undersupply for at least
one class, but no
oversupply

20,906 (41%) 1,996 (38%) 14,277 (40%) 4,633 (47%)

Oversupply for at least
one class, but no
undersupply

4,802 (10%) 997 (19%) 3,284 (9%) 521 (5%)

Oversupply and
undersupply for at least
one class, respectively

2,117 (4%) 529 (10%) 1,298 (4%) 290 (3%)

Sensitivity analysis: medication supply categories, 110% oversupply cutoff
Appropriate supply of all
classes

19,951 (39%) 1,252 (24%) 14,658 (41%) 4,040 (41%) <.0001

Undersupply for at least
one class, but no
oversupply

19,599 (39%) 1,759 (34%) 13,406 (38%) 4,434 (45%)

Oversupply for at least
one class, but no
undersupply

7.78 (15%) 1,417 (27%) 5,413 (15%) 959 (10%)

Oversupply and
undersupply for at least
one class, respectively

3,424 (7%) 766 (15%) 2,169 (6%) 489 (5%)

Sensitivity analysis: medication supply categories, based on average of all classes used by a patient
Appropriate supply 29,834 (59%) 2,775 (53%) 21,562 (61%) 5,497 (55%) <.0001
Undersupply 17,449 (34%) 1,675 (32%) 11,729 (33%) 4,045 (41%)
Oversupply 3,480 (7%) 744 (14%) 2,356 (7%) 380 (4%)
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Table 3 shows the results of multinomial regression models for the rela-
tionship between antihypertensive drug benefit user group and medication
supply. In the IPT-weighted model, dual prescription users (relative to VA-
only users) had higher odds of undersupply with no oversupply (OR = 1.28,
95 percent CI = 1.13, 1.44; adjusted predicted probability [APP] of 40.5 per-
cent vs. 40.1 percent), oversupply with no undersupply (OR = 2.00, 95 per-
cent CI = 1.75, 2.29; APP of 15.7 percent vs. 9.9 percent), and simultaneous
oversupply and undersupply (OR = 2.40, 95 percent CI = 2.00, 2.88; APP
7.5 percent vs. 4.0 percent). Relative to VA-only users, Part D-only users also
exhibited higher odds of undersupply with no oversupply (OR = 1.13, 95 per-
cent CI = 1.03, 1.25; APP of 46.8 percent vs. 40.1 percent), but lower odds of
oversupply with no undersupply (OR = 0.39, 95 percent CI = 0.32, 0.47;
APP of 4.0 vs. 9.9 percent) and simultaneous undersupply and oversupply
(OR = 0.48, 95 percent CI = 0.40, 0.57; APP of 1.9 percent vs. 4.0 percent).

Sensitivity Analyses

The two alternative IPT-weighted multinomial regression models using a less
conservative threshold for defining oversupply and medication supply cate-
gories based on mean medication supply values yielded substantively similar
results (Tables S4 and S5). The pattern of results was also substantively similar
in stratified analyses within the Medicaid/LIS-enrollees and nonenrollees
(Table S6). In analyses for Veterans with dementia and comorbid diabetes
(n = 13,857), both unadjusted and IPT-weighted regression models for the
relationship between OHA user group status and OHA medication supply
categories (Tables S7 and S8) yielded similar results compared to hyperten-
sion analyses. The only divergent finding was that there was no difference in
odds of having simultaneous undersupply and oversupply of OHAs in Part D-
only users compared to VA-only users.

DISCUSSION

In a national sample of Veterans with dementia dually enrolled in VA and fee-
for-service Medicare, we found that Veterans obtaining antihypertensive pre-
scriptions through both VA and Medicare Part D rather than VA alone were
less likely to obtain appropriate supplies of antihypertensive medications.
Only 32 percent of dual prescription users of antihypertensive agents had an
appropriate supply of all prescribed classes in 2010, compared to 47 percent of

VA-Part D Dual Use and Medication Supply 5391



Ta
bl
e
3:

R
es
ul
ts
of

M
ul
tin

om
ia
lL

og
is
tic

R
eg
re
ss
io
n
M
od

el
C
om

pa
ri
ng

O
dd

s
of

M
em

be
rs
hi
p
in

M
ed

ic
at
io
n
Su

pp
ly

C
at
eg
or
ie
s,

fo
r
D
ua

l
Pr
es
cr
ip
tio

n
U
se
rs

(n
=
5,
19

4)
an

d
Pa

rt
D
-o
nl
y
U
se
rs

(n
=
9,
92

2)
,
R
el
at
iv
e
to

V
A
-o
nl
y
U
se
rs

(n
=
35

,6
47

)

U
na
dj
us
te
d
od
ds
ra
tio
sa
nd

95
%
co
nfi

de
nc
ei
nt
er
va
ls

A
dj
us
te
d
od
ds
ra
tio
sa
nd

95
%

co
nfi

de
nc
ei
nt
er
va
ls
(I
PT

-
w
ei
gh
te
d
M
od
el
)*

A
dj
us
te
d
pr
ed
ic
te
d
pr
ob
ab
ili
tie
sa
nd

95
%

co
nfi

de
nc
ei
nt
er
va
ls

D
ua
l

pr
es
cr
ip
tio
n

us
er
s

Pa
rt
D
-

on
ly
us
er
s

D
ua
l

pr
es
cr
ip
tio
n

us
er
s

Pa
rt
D
-

on
ly
us
er
s

VA
-o
nl
y

us
er
s

D
ua
l

pr
es
cr
ip
tio
n

us
er
s

Pa
rt
D
-

on
ly
us
er
s

A
pp

ro
pr
ia
te
su
pp

ly
of

al
l

cl
as
se
s

re
f

re
f

re
f

re
f

46
.0
%

(4
5.
3–

46
.6
)

36
.3
%

(3
4.
0–

38
.7
)

47
.3
%

(4
5.
1–

49
.5
)

U
nd

er
su
pp

ly
fo
ra

tl
ea
st
on

e
cl
as
s,
bu

tn
o
ov

er
su
pp

ly
1.
40

(1
.3
1,

1.
50

)
1.
22

(1
.1
6,

1.
27

)
1.
28

(1
.1
3,

1.
44

)
1.
13

(1
.0
3,

1.
25

)
40

.1
%

(3
9.
5–

40
.8
)

40
.5
%

(3
8.
1–

42
.9
)

46
.8
%

(4
4.
6–

48
.9
)

O
ve
rs
up

pl
y
fo
ra

tl
ea
st
on

e
cl
as
s,
bu

tn
o
un

de
rs
up

pl
y

3.
05

(2
.7
9,

3.
32

)
0.
59

(0
.5
3,

0.
66

)
2.
00

(1
.7
5,

2.
29

)
0.
39

(0
.3
2,

0.
47

)
9.
9%

(9
.5
–

10
.3
)

15
.7
%

(1
4.
2–

17
.1
)

4.
0%

(3
.3
–

4.
6)

O
ve
rs
up

pl
y
an

d
un

de
rs
up

pl
y
fo
ra

tl
ea
st

on
e
cl
as
s

4.
09

(3
.6
6,

4.
58

)
0.
84

(0
.7
3,

0.
96

)
2.
40

(2
.0
0,

2.
88

)
0.
48

(0
.4
0,

0.
57

)
4.
0%

(3
.7
–

4.
3)

7.
5%

(6
.5
–

8.
6)

1.
9%

(1
.6
–

2.
2)

*T
he

fo
llo

w
in
g
va
ri
ab

le
s
w
er
e
in
cl
ud

ed
in

th
e
IP
T
w
ei
gh

ts
:a

ge
,s
ex

,r
ac
e/
et
hn

ic
ity

,V
A

pr
io
ri
ty

gr
ou

p,
M
ed

ic
ai
d/

L
IS

en
ro
llm

en
t,
di
st
an

ce
fr
om

V
A
,

re
gi
on

,r
ur
al
/u
rb
an

,n
um

be
r
an

d
sp
ec
ifi
c
ty
pe

of
E
lix

ha
us
er

co
m
or
bi
di
tie

s,
m
em

an
tin

e
us
e
as

pr
ox

y
fo
r
de

m
en

tia
se
ve
ri
ty
,u

se
of

ho
m
e-
ba

se
d
pr
im

ar
y

ca
re
,b
as
el
in
e
in
pa

tie
nt

vi
si
ts
,b

as
el
in
e
em

er
ge
nc
y
ro
om

vi
si
ts
,d

ay
sa

liv
e
in

20
10

,t
ot
al
nu

m
be

ro
fu

ni
qu

e
m
ed

ic
at
io
ns
,a
nd

V
IS
N
in
di
ca
to
rs
.

5392 HSR: Health Services Research 53:6, Part II (December 2018)



VA-only users and 45 percent of Part D-only users. In adjusted analyses, dual
prescription users were more likely than VA-only users to exhibit undersup-
ply alone, oversupply alone, and simultaneous undersupply and oversupply.
Part D-only users were more likely than VA-only users to have undersupply,
but less likely to have oversupply. These results were robust to sensitivity anal-
yses using alternative methods to calculate medication supply, stratification
by Medicaid/LIS enrollment, and an alternative dependent variable of OHA
medication supply instead of antihypertensive supply.

We believe this study is the first to examine the effect of dual use of VA
and Medicare Part D prescription drug benefits—a potential source of care
fragmentation—on patients’ under- and overutilization of chronic disease
medications. Although only 10 percent of older, Medicare-enrolled Veterans
with dementia obtained antihypertensive medications through both sources,
our findings suggest that previously documented risks associated with dual
use of VA and Part D drug benefits may extend beyond reducing prescribing
safety (Thorpe et al. 2017; Gellad et al. 2018) to interfere with patients’ ability
tomaintain appropriate supplies of chronic medications. Our findings are con-
sistent with past studies showing that more outpatient providers (Chen, Tseng,
and Cheng 2013; Hong and Kang 2014) and prescribers (Farley et al. 2011;
Hansen et al. 2015) are associated with medication undersupply and oversup-
ply. The effect of dual prescription use was present for both undersupply and
oversupply, suggesting that dual prescription use may negatively impact
patients’ appropriate acquisition of medication through multiple mechanisms
(e.g., duplicate prescribing, confusing/conflicting instructions, and worse
patient–provider communication). The large magnitude of effect of dual ver-
sus VA-only prescription use on oversupply suggests that duplicate prescrib-
ing within classes may be a particular concern. Future research with family
caregivers and health care providers of Veterans with dementia who obtain
prescriptions from both VA and Part D, regarding care coordination problems
introduced by dual prescription use, may provide insight into which of these
potential mechanisms are at play.

It is notable that 20 percent of dually enrolled Veterans with dementia
and hypertension obtained all antihypertensives from non-VA sources
through Part D. Among Part D-only users, undersupply was slightly more
common than in VA-only users; however, oversupply was less common.
These results are consistent with prior studies, in which prevalence of oversup-
ply has been reported to be common among Veterans using the VA (Thorpe
et al. 2009) but relatively uncommon among non-VeteranMedicare beneficia-
ries (Thorpe et al. 2015). The higher rate of undersupply in Part D-only versus
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VA-only users may again be explained by greater potential for care fragmenta-
tion due to receiving antihypertensive prescriptions from multiple, uncon-
nected non-VA prescribers and/or pharmacies (Marcum et al. 2014) through
Part D benefits. On the other hand, duplicate prescriptions from multiple,
unconnected non-VA prescribers would likely be identified before they were
dispensed when the pharmacy attempts to bill the Part D plan, as most payers
employ computerized utilization management systems designed to prevent
dispensing of oversupplies (Centers for Medicare &Medicaid Services 2016).

Our results add to growing evidence regarding the importance of
improving timely exchange of linked data about VA and non-VA prescriptions
across systems of care for both research and clinical care, given nontrivial num-
bers of Veterans obtaining medications from non-VA sources (Nguyen et al.
2017; Thorpe et al. 2017; Gellad et al. 2018) and the consistent association of
dual prescription use andworse prescribing outcomes (Thorpe et al. 2017; Gel-
lad et al. 2018). VA’s partnership with CMS to provide researchers with access
to Part D records for Veterans is essential for accurately evaluating prescribing
quality inVeterans and supporting research to improve their pharmacotherapy.
However, conducting timely research to improve care for Medicare-enrolled
Veterans is currently hindered by a two-year lag in availability of Veterans’ Part
D data for researchers. From a clinical perspective, VA clinicians currently rely
almost entirely on patients or their informal caregivers to communicate infor-
mation about prescriptions from non-VA sources. Early efforts to facilitate
health information exchange between VA and non-VA electronic health
records (EHRs) for use by clinicians, through the VA Virtual Lifetime Elec-
tronic Record (VLER), have shown promise (Byrne et al. 2014) and may be a
key strategy in reducing care fragmentation and associated prescribing prob-
lems. However, further efforts are needed to expand VLER implementation
across VA and evaluate its impact on prescribing quality and safety. In addi-
tion, pharmacist medication therapymanagement interventions and nurse case
management have both shown promise for improving medication adherence
and appropriateness in complex patients (Viswanathan et al. 2012, 2015) and
should be considered as a strategy to help reduce medication undersupply and
oversupply associated with dual prescription use in Veterans with dementia.

Our findings have implications for current efforts to expand Veterans’
access to non-VA care through the Veterans Choice Program (VCP) and high-
light the need to ensure that VCP use does not undermine VA’s efforts to deli-
ver coordinated care. As the VCP allows Veterans to see non-VA providers
when they experience VA appointment delays or geographic barriers (Mat-
tocks and Yehia 2017), it may also lead to Veterans being prescribed

5394 HSR: Health Services Research 53:6, Part II (December 2018)



medications by non-VA providers to be filled at VA pharmacies. Like non-VA
providers seen via Medicare benefits, VCP providers do not have direct,
point-of-care access to Veterans’ VA EHR to obtain complete information on
current prescriptions. As such, they may unknowingly issue duplicate pre-
scriptions or conflicting instructions. Because VCP prescriptions are filled at
VA pharmacies and recorded in the EHR, there is an opportunity for VAclini-
cians to identify and correct prescribing duplications or inefficiencies that does
not exist for non-VA prescriptions filled at outside the VA through Part D.
However, suboptimal patient–provider communication may also contribute
to nonadherence, if prescriptions are issued by new non-VA providers with
whom the Veteran does not have an established relationship. Future research
should examine the impact of VCP use on medication undersupply and over-
supply, as well as pharmacist workload, given preliminary evidence of
increased workload for VA pharmacists to resolve prescribing errors and inef-
ficiencies associated with non-VAVCP prescriptions (Gellad et al. 2017a).

This research has several limitations. First, it is unknown how results
generalize to Veterans with other sources of non-VA drug coverage or dual
VA-Medicare enrollees without dementia. It is likely that dual prescription
use would have a similarly negative impact on medication supply in other
older adults with complex medication needs; for example, the vast majority of
older adults with multiple chronic conditions. However, these effects may not
generalize to younger Veterans with less complex care needs and/or greater
functional/cognitive capacity. Research examining the effect of dual VA-Part
D prescription use in other Veteran populations is needed, as are studies using
linked data for Veterans with other sources of drug coverage.

Second, our measurement of medication supply relies on the assump-
tion that prescriptions filled in the last 120 days of 2009 reflect specific classes
of medications patients were instructed to take while outpatients throughout
2010 and does not account for switching from one antihypertensive class to
another. When switching between classes occurs, medication supply may be
underestimated. However, potential cases of cross-class switching were rare in
this sample, occurring in <2 percent of patient-class records. We also have no
way of knowing whether oversupplies were actually ingested. Third, although
IPT-weighting achieved good balance on covariates, we cannot rule out the
possibility that unmeasured confounding factors may bias results. Fourth, due
to the lack of prescriber information in the Part D “slim” file, we were unable
to examine the role of number of prescribers within a system in addition to
dual health system use. And finally, we did not assess for adverse events asso-
ciated with oversupply or undersupply.
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Despite these limitations, this study suggests that utilization of Medicare
Part D drug benefits to obtain chronic disease medications may contribute to
medication undersupply and oversupply when used simultaneously with VA
drug benefits. In addition, patients who solely rely on non-VA prescriptions
through Part D rather than VA may also be at greater risk for undersupply.
These findings highlight the importance of considering both VA and non-VA
prescription drug data when examining the quality of care for Veterans, and
suggest that increased efforts by VA and CMS to coordinate prescriptions
across systems may be needed to reduce inefficient prescribing and nonadher-
ence associated with dual use of VA-Part D drug benefits.
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Appendix SA1: AuthorMatrix.
Table S1. ICD-9-CM Diagnosis Codes Used to Identify Alzheimer’s

Disease or Related Disorder (ADRD).
Table S2. Antihypertensive Classes and Agents Included in Refill

Adherence Calculations.
Table S3. Covariate Balance Achieved After Applying Stabilized

Inverse Probability of TreatmentWeights.
Table S4. Results of Multinomial Logistic RegressionModel Comparing

Odds of Membership in Mutually Exclusive MPR Categories, for Dual Pre-
scription Users and Part D-only Users Relative to VA-only Users, Using 110%
Cutoff for Oversupply (N = 50,763).

Table S5. Results of Multinomial Logistic RegressionModel Comparing
Odds of Membership in MPR Categories, for Dual Prescription Users and
Part D-only Users Relative to VA-only Users, Using Average Refill Adherence
Values Across Classes (N = 50,763).

Table S6. Results of Multinomial Logistic RegressionModel Comparing
Odds of Membership in Antihypertensive Medication Supply Categories, for
Dual Prescription Users and Part D-only Users Relative to VA-only Users, in
Medicaid/LIS Enrollees and Non-Enrollees.

Table S7. Oral Hypoglycemic Agent (OHA) Use by VA Patients with
Dementia and Diabetes, Overall and by OHAMedication User Group Status,
2010.

Table S8. Results of Multinomial Logistic Regression Model Comparing
Odds of Membership in Diabetes Medication Supply Categories, for Dual Pre-
scriptionUsers and Part D-only Users Relative to VA-onlyUsers (N = 13,857).
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