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Abstract

Background Clinical validation studies of the Healthcare

Effectiveness Data and Information Set (HEDIS�) mea-

sures of inappropriate prescribing in the elderly are limited.

Objectives The objective of this study was to examine

associations of new exposure to high-risk medication in the

elderly (HRME) and drug–disease interaction (Rx-DIS)

with mortality, hospital admission, and emergency care.

Methods A retrospective database study was conducted

examining new use of HRME and Rx-DIS in fiscal year

2006 (Oct 2005–Sep 2006; FY06), with index date being

the date of first HRME/Rx-DIS exposure, or first day of

FY07 if no HRME/Rx-DIS exposure. Outcomes were

assessed 1 year after the index date. The participants were

veterans who were C65 years old in FY06 and received

Veterans Health Administration (VA) care in FY05–06.

A history of falls/hip fracture, chronic renal failure, and/or

dementia per diagnosis codes defined the Rx-DIS sub-

sample. The variables included a number of new unique

HRME drug exposures and new unique Rx-DIS drug

exposure (0, 1, [1) in FY06, and outcomes (i.e., 1-year
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mortality, hospital admission, and emergency care) up to

1 year after exposure. Descriptive statistics summarized

variables for the overall HRME cohort and the Rx-DIS

subset. Multivariable statistical analyses using generalized

estimating equations (GEE) models with a logit link

accounted for nesting of patients within facilities. For these

latter analyses, we controlled for demographic character-

istics, chronic disease states, and indicators of disease

burden the previous year (e.g., number of prescriptions,

emergency/hospital care).

Results Among the 1,807,404 veterans who met inclusion

criteria, 5.2 % had new HRME exposure. Of the 256,388 in

the Rx-DIS cohort, 3.6 % had new Rx-DIS exposure. Mul-

tivariable analyses found that HRME was significantly

associated with mortality [1: adjusted odds ratio (AOR) =

1.62, 95 % CI 1.56–1.68; [1: AOR = 1.80, 95 % CI

1.45–2.23], hospital admission (1: AOR = 2.31, 95 % CI

2.22–2.40; [1: AOR = 3.44, 95 % CI 3.06–3.87), and

emergency care (1: AOR = 2.59, 95 % CI 2.49–2.70; [1:

AOR = 4.18, 95 % CI 3.71–4.71). Rx-DIS exposure was

significantly associated with mortality (1: AOR = 1.60,

95 % CI 1.51–1.71;[1: AOR = 2.00, 95 % CI 1.38–2.91),

hospital admission for one exposure (1: AOR = 1.12, 95 %

CI 1.03–1.27; [1: AOR = 1.18, 95 % CI 0.71–1.95), and

emergency care for two or more exposures (1: AOR = 1.06,

95 % CI 0.97–1.15;[1: AOR = 2.0, 95 % CI 1.35–3.10).

Conclusions Analyses support the link between HRME/

Rx-DIS exposure and clinically significant outcomes in

older veterans. Now is the time to begin incorporating

input from both patients who receive these medications and

providers who prescribe to develop approaches to reduce

exposure to these agents.

1 Introduction

The goals of pharmacotherapy in older adults are to extend

and improve quality of life, and to treat and cure illness.

However, exposure to inappropriate medications can lead

to considerable morbidity and mortality [1]. Indeed, the

Institute of Medicine has identified the recognition and

prevention of drug-related problems in the elderly as a key

priority for this decade [2, 3].

Potentially inappropriate medications can be measured

using either implicit or explicit measures. Implicit mea-

sures that require clinician judgment of appropriateness for

each case are time consuming and unrealistic to use in

population-based studies [4]. The most commonly used set

of explicit criteria was first developed in 1991 by Dr. Mark

Beers and updated twice [5–7]. In 2006, using a subset of

the 2003 Beers criteria, the National Committee on Quality

Assurance (NCQA) created two measures to examine the

quality of prescribing for older patients [8]: a list of drugs

to avoid [high-risk medications in the elderly (HRME)],

and clinically relevant drug–disease interactions (Rx-DIS).

These consensus-based quality measures were included in

the Healthcare Effectiveness Data and Information Set�

(HEDIS�), but little information is available linking

exposure based on these measures to important health

outcomes or health services used [9].

Prior studies examining prevalent use of the drugs

included in the Beers criteria (foundation of these HEDIS�

measures), led to inconsistent results [9–13]. We hypoth-

esize that, because the majority of exposure represents

chronic use [14, 15], the source of these inconsistent

findings may be due to survivor bias, where individuals

who have adverse events discontinue the drug and those

who tolerate the drug represent the vast majority of pre-

valent users [16]. Thus, we sought to evaluate the clinical

importance of HRME and Rx-DIS measures by assessing

the association between new HRME and Rx-DIS exposure

and the subsequent outcomes of emergency care, hospital

admission, and mortality through use of a cohort of com-

munity-dwelling elders receiving care in the Veterans

Health Administration (VA).

2 Methods

2.1 Study Design, Setting, and Sample

This retrospective new-exposure design was conducted

using VA national data. The cohort consisted of veterans

aged C65 years by October 1, 2005 [beginning fiscal year

2006 (FY06)] who received VA inpatient or outpatient care

at least once each year in FY05 and FY06 (October 1, 2004

through September 30, 2006) and who were not in VA

long-term care. Those with HRME or Rx-DIS exposure

prior to FY06 (N = 142,988) or who had subsequent new

HRME or Rx-DIS exposure in FY07 (N = 73,077) were

excluded. This study was approved by Institutional Review

Boards at the University of Texas Health Science Center at

San Antonio and the Bedford, VA, USA.

2.2 Data Sources

We created an analytic dataset by combining national VA

outpatient medication dispensing information from Phar-

macy Benefits Management (PBM) Services, Medical

SAS� Dataset files, and the VA Vital Status Mini file. The

VA PBM prescription data included the start date, generic

drug name, and day supply for each drug dispensed [17].

Medical SAS� Datasets contained International Classifi-

cation of Diseases-9 (ICD-9) Clinical Modification codes

for inpatient and outpatient diagnoses [18, 19]. The VA

Vital Status Mini file included date of death (98 %
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sensitivity when validated against the National Death

Index) [20, 21].

2.3 Outcome Measures

We created three dichotomous dependent variables dur-

ing the study period: mortality (Vital Status files),

emergency care (VA stop code pair 102–101 in outpa-

tient data), and VA hospital admission (date of admis-

sion using inpatient data). Outcomes were examined

from initial exposure to 1 year after the index date,

which was defined as exposure for HRME and Rx-DIS,

respectively; for those without HRME or Rx-DIS, these

outcomes were assessed in FY07.

2.4 Primary Independent Variables

2.4.1 Exposure to High-Risk Medications in the Elderly

We identified new use of any HRME drug using the gen-

eric drug name in the VA PBM data. Specific medications

included in this measure are included in Electronic Sup-

plementary Material 1: HEDIS HRME measures. Those

with no HRME exposure in FY05, and HRME exposure in

FY06 were classified as having new HRME exposure, with

the index date as the day of prescription. Those without

HRME prescription were classified as no exposure, with 1

October 2005 as the index date.

2.4.2 Exposure to Drug–Disease Interactions

To create the Rx-DIS variable, we first identified a subset

of the cohort with falls/hip fracture, dementia, or chronic

renal failure (CRF; includes only a portion of those with

chronic kidney disease) using the ICD-9 codes algorithm

developed and tested by NCQA [22].

Next we identified the specific drugs/classes that could

exacerbate these disease/conditions based on the NCQA

algorithms: (a) falls/fractures: tricyclic antidepressants,

conventional or atypical antipsychotics, and specific sleep

agents (e.g., zolpidem); (b) dementia: highly anticholiner-

gic agents (i.e., gastrointestinal antispasmodics, skeletal

muscle relaxants) and tricyclic antidepressants; (c) CRF:

nonsteroidal anti-inflammatory drugs (NSAID) [23]. Those

with no Rx-DIS exposure in FY05 but with Rx-DIS

exposure in FY06 were classified as new Rx-DIS exposure,

with the date of first prescription as the index date. For

those without Rx-DIS exposure, the index date was Octo-

ber 1, 2005. For both independent variables, we further

identified new exposure as none, one, or two or more

(distinct drug) exposures to examine the possibility of a

‘‘dose–response’’ relationship.

2.5 Covariates

We controlled for a number of demographic and clinical

characteristics that could potentially confound an associa-

tion between HRME or Rx-DIS [24] and our three out-

comes [11, 25, 26]. These variables were selected for

inclusion in this analysis because they were identified as

being associated with HRME and Rx-DIS in our prior

research [14, 15].

2.5.1 Demographic Characteristics

We identified patient demographic characteristics (age,

sex, race/ethnicity) using data fields from FY04–FY06.

With the exception of race/ethnicity, these demographic

characteristics are well documented and complete in the

medical record. Missing data on race/ethnicity is common

in VA outpatient data; however, multiple years of data help

to mitigate this problem. Categories of race/ethnicity were

white, black, other (Native American or Asian), Hispanic

(of any race), and missing. Finally, our prior studies have

found that income under the VA poverty limit is associated

with exposure to HRME and Rx-DIS, so we included an

indicator for poverty based on the VA means test [18, 19].

2.5.2 Clinical Characteristics

Clinical characteristics included a number of measures that

directly indicate disease burden and several variables that

are associated with high disease burden. Previous studies

indicate that individuals with higher disease burden as

defined by more medications, more physical comorbidities,

and psychiatric conditions are at risk of adverse outcomes

[2, 27–29]. We first counted the number of unique medi-

cations each individual received during FY05, which

included medications prescribed for ‘‘as needed’’ use. We

also used ICD-9-CM codes found in VA inpatient and

outpatient data (FY04–05) to identify individuals with

physical and psychiatric conditions using the Selim

comorbidity indices [30, 31], which were developed as a

measure of disease burden in research studies involving

veterans. For physical conditions (Selim Physical), we

counted the number of chronic disease states from 30

possible conditions (chronic kidney disease is included in

this count, but not dementia or falls/fractures). The Selim

Psychiatric Index included a count of six mental health

conditions: schizophrenia, bipolar, depressive, substance

use, anxiety, and posttraumatic stress disorders. To facili-

tate interpretation of findings, we created categorical

variables. Based on the empirical distribution and our prior

research, we classified medications as 0–5, 6–8, 9–11, and

12 or more. For physical conditions, we identified indi-

viduals with zero to one, two to three, four to five, and six
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or more chronic conditions; we identified individuals with

zero, one, and two or more psychiatric conditions.

We also included prior healthcare utilization that may

indicate disease burden. Our prior research indicates that

older veterans who receive geriatric care have been found

to have higher disease burden and increased risk of HRME

and Rx-DIS; therefore, we identified individuals who

received geriatric care (outpatient or inpatient) in FY05 [8].

We also identified individuals who had at least one inci-

dence of emergency care or hospital admission in FY05 as

indicators of disease burden.

Finally, while primary care may reduce the need for

emergency care and hospital admission for ambulatory

care-sensitive conditions, it may also be an indicator of

disease burden [32]; thus, we counted the number of pri-

mary care visits in FY05. Based on the empirical distri-

bution, we classified patients as having zero to one, two to

four, and five or more primary care visits to ease inter-

pretation of findings.

2.6 Statistical Analysis

Descriptive statistics were used to summarize variables for

the overall HRME cohort and the Rx-DIS subset. With the

exception of race, missing data was extremely rare.

Because our prior work indicated that those without race/

ethnicity identified in the VA data tend to be healthier, seen

less frequently in the VA, and white, we included those

individuals as unclassified, to avoid skewing our findings

toward the population with high disease burden. We then

calculated the unadjusted odds ratios using logistic

regression analyses followed by multivariable statistical

analyses using Generalized Estimating Equations (GEE)

models with a logit link to account for nesting of patients

within facilities. These models examined the association of

new HRME exposure with all-cause mortality, emergency

care, and hospital admission [33, 34]. A similar approach

was used for separate analyses for Rx-DIS and these out-

comes. Theoretically meaningful interactions (e.g., geriat-

ric care and HRME/Rx-DIS exposure) were included; only

significant interactions were included in the final model.

Effects were reported as adjusted odds ratios (AOR) with

95 % confidence intervals (95 % CI).

We also conducted secondary analyses using propensity

score methods to assess the extent to which the relationship

between HRME/Rx-DIS exposure predicted adverse out-

comes, above and beyond characteristics associated with

individual propensity to have HRME/Rx-DIS exposure.

Propensity for HRME and Rx-DIS exposure (separate

scores) was calculated using logistic regression analysis

(covariates described above predicting each exposure), and

included as a predictor in logistic regression models to

predict each outcome with the propensity score and the

exposure variable [35]. Comparison of the AOR allows an

assessment of the contribution of individual and exposure

variables for each outcome. Statistical analyses were per-

formed using SAS� software (version 9.2; Cary, NC, USA)

and IBM SPSS� statistics for Windows (version 20;

Armonk, NY, USA).

3 Results

Overall, 1,807,404 older veterans met inclusion criteria.

Our study sample (see Table 1) was predominantly male,

white, and the majority had two or more comorbidities (70

and 90 % for the total sample and the Rx-DIS subsample,

respectively) and reported income under the poverty limit

(60 and 70 %). The mean day supply for HEDIS� medi-

cations (HRME and Rx-DIS) was 89.2 days [standard

deviation (SD) = 106.0 days; range 1–365]. During the

1-year study period, 81,003 (4.6 %) died, 87,118 (4.9 %)

had one or more hospital admissions, and 244,106 (13.5 %)

received emergency care.

3.1 HRME Exposure

In FY06, 94,684 (5.2 %) had new HRME exposure; 94 %

(n = 89,052) of those had exposure to one HRME drug.

The most common HRME groups prescribed were anti-

histamines (1.7 %), skeletal muscle relaxants (1.5 %),

opioids (0.8 %), and gastrointestinal antispasmodics

(0.4 %). Unadjusted odds ratios for HRME exposure are

provided in Fig. 1 for mortality, Fig. 2 for hospital

admission, and Fig. 3 for emergency care.

Figure 1 shows results from the GEE models for all-

cause 1-year mortality and unadjusted odds ratios for

HRME exposure; the results for the full model are avail-

able as Electronic Supplementary Material 2: full models

HRME. New exposure to one or more than one HRMEs

was significantly associated with 1-year mortality, adjusting

for covariates (1: AOR = 1.62, 95 % CI 1.56–1.68; [1:

AOR = 1.80, 95 % CI 1.45–2.23). Figures 2 and 3 illus-

trate that after controlling for demographics, health status,

and access to healthcare, new exposure to one or more

than one HRMEs was also significantly associated with all-

cause hospital admission (1: AOR = 2.31, 95 % CI

2.22–2.40; [1: AOR = 3.44, 95 % CI 3.06–3.87) and

emergency care (1: AOR = 2.59, 95 % CI 2.49–2.70; [1:

AOR = 4.18, 95 % CI 3.71–4.71), respectively. The sig-

nificantly larger AORs for higher levels of HRME for

emergency care and hospital admission support a dose-

dependent relationship for these outcomes. Full model

results are available as Electronic Supplementary Material

2: full models HRME. The geriatric care by HRME

exposure variable indicated a consistent relationship for

648 M. J. V. Pugh et al.



individuals with HRME exposure regardless of geriatric

care, and was thus removed from the final model.

Results of propensity score-adjusted analyses indicated

that the impact of HRME exposure was similar to regres-

sion models, and, while statistically significant, was small

compared to patient characteristics associated with HRME

exposure [e.g., AOR for HRME exposure and mortality:

(1: AOR = 1.71, 95 % CI 1.67–1.76; [1: AOR = 1.81,

95 % CI 1.66–1.98)]; AOR for HRME propensity (AOR =

88.24, 95 % CI 78.84–98.77).

Table 1 Descriptive statistics

for those with and without

HRME/Rx-DIS exposure

All comparisons between

exposed and unexposed

statistically significant,

p \ 0.001

HRME high-risk medication in

the elderly, Rx-DIS drug–

disease interaction, FY fiscal

year

Variable HRME

exposure FY06

(n = 94,648), %

No HRME

exposure FY06

(n = 1,712,756), %

Rx-DIS

exposure FY06

(n = 9,101), %

No Rx-DIS

exposure FY06

(n = 247,487), %

Demographics

Age

65–74 years 51.4 45.0 30.6 29.2

75–84 years 41.4 46.1 54.4 55.2

C85 years 7.3 8.9 15.0 15.6

Women 2.7 1.6 2.1 1.8

Race/ethnicity

White 71.2 65.7 69.1 68.3

African American 9.4 6.1 12.2 10.5

Hispanic 5.3 3.0 7.1 4.1

Other 1.4 1.3 1.5 1.4

Unknown 12.6 24.0 10.1 15.8

Under poverty limit 75.6 57.7 79.5 70.3

Clinical characteristics FY05

Count of medications

0–5 26.5 49.9 17.8 26.7

6–8 24.2 25.9 23.5 26.1

9–11 20.4 13.8 21.8 20.8

C12 28.9 10.5 36.9 26.4

Physical comorbidities FY05

0–1 17.6 29.0 7.4 9.5

2–3 42.7 42.2 28.2 33.4

4–5 26.9 18.2 31.1 30.9

C6 13.3 5.1 33.3 26.2

Psychiatric comorbidities FY05

0 78.4 87.8 62.3 74.8

1 15.9 9.9 25.6 18.7

C2 5.7 2.4 12.2 6.6

One or more emergency

visits FY05

31.1 13.0 39.3 26.4

One or more hospital

admissions FY05

12.9 5.1 20.5 14.4

One or more geriatric

care visits FY05

2.5 2.4 7.9 6.3

Primary care visits FY05

0–1 14.1 27.4 11.7 16.9

2–4 51.7 55.9 45.2 51.2

C5 34.2 16.7 43.0 31.9

Outcomes up to 1 year after index date

Hospital admission 16.0 4.2 4.6 3.1

Emergency care 38.6 12.1 6.2 3.5

Death 9.1 4.2 15.6 10.0
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3.2 Rx-DIS Exposure

Table 1 also shows the characteristics of those 256,388

older veterans who had dementia (n = 102,332; 39.6 %),

falls/fracture (n = 42,738; 16.8 %), and/or CRF (n = 135,

828; 53.0 %) in FY06. Among these individuals, 3.7 %

(n = 9,101) had new Rx-DIS exposure; 98 % of those

had a single type of Rx-DIS exposure (n = 8,935). The

most common type of Rx-DIS exposure was anticholin-

ergic medications. One year after the index date,

26,202 (10.2 %) had died, 12,895 (5.0 %) had received

hospital admission, and 9,219 (3.6 %) had received

emergency care. Unadjusted odds ratios for one and

more than one Rx-DIS are provided for 1-year mortality

(Fig. 1), hospital admission (Fig. 2), and emergency care

(Fig. 3).

After controlling for potential confounders, we found

exposure to one or more than one Rx-DIS was associated with

1-year mortality (1: AOR = 1.60, 95 % CI 1.51–1.71; [1:

AOR = 2.00; 95 % CI 1.38–2.91; see Fig. 1). Figure 2

shows that, after controlling for confounders, one but not

two or more new Rx-DIS exposures were associated

with hospital admission (1: AOR = 1.12, 95 % CI

1.03–1.27; [1: AOR = 1.18, 95 % CI 0.71–1.95).

Adjusting for the same set of covariates, GEE models for

all-cause emergency care found that Rx-DIS exposures

were associated with emergency care (1: AOR = 1.06,

95 % CI 0.97–1.15; [1: AOR = 2.0, 95 % CI 1.35-3.10;

0

1

2

3

4

5

1 Rx-DIS
adjusted

>1 Rx-DIS
adjusted

1 HRME
adjusted

>1 HRME
adjusted

1 Rx-DIS
unadjusted

>1 Rx-DIS
unadjusted

1 HRME
unadjusted

>1 HRME
unadjusted

1-
Y

ea
r 

m
o

rt
al

it
y 

(o
d

d
s 

ra
ti

o
) 

HEDIS measure and analysis type 

Fig. 1 HEDIS� measures:

adjusted and unadjusted odds

ratios for 1-year mortality.

Cohort for high-risk

medications in the elderly

(HRME) analysis

n = 1,807,404. Cohort for

drug–disease interaction

analysis (Rx-DIS) n = 256,388.

Vertical bars represent 95 %

confidence intervals. HEDIS

Healthcare Effectiveness Data

and Information Set, HRME

high-risk medication in elderly,

Rx-DIS drug–disease interaction

0

1

2

3

4

5

6

7

8

9

10

1 Rx-DIS
adjusted

>1 Rx-DIS
adjusted

1 HRME
adjusted

>1 HRME
adjusted

1 Rx-DIS
unadjusted

>1 Rx-DIS
unadjusted

1 HRME
unadjusted

>1 HRME
unadjusted

H
o

sp
it

al
 a

d
m

is
si

o
n

 (
o

d
d

s 
ra

ti
o

)

HEDIS measure and analysis type

Fig. 2 HEDIS� measures:

adjusted and unadjusted odds

ratios for hospital admission.

Cohort for high-risk

medications in the elderly

(HRME) analysis

n = 1,807,404. Cohort for

drug–disease interaction

analysis (Rx-DIS) n = 256,388.

Vertical bars represent 95 %

confidence intervals, HEDIS

healthcare effectiveness data

and information set, HRME high

risk medication in elderly,

Rx-DIS drug-disease interaction

650 M. J. V. Pugh et al.



see Fig. 3). Full model results are available as Electronic

Supplementary Material 3: full models Rx-DIS. The geri-

atric care by Rx-DIS exposure variable indicated a con-

sistent relationship for individuals with Rx-DIS exposure

regardless of geriatric care, and was thus removed from the

final model.

Results of propensity score-adjusted analyses indicated

that results were similar, despite the significant effect of the

propensity for Rx-DIS exposure [e.g., AOR for Rx-DIS

exposure and mortality: (1: AOR = 1.38, 95 % CI

1.19–1.60; [1: AOR = 2.89, 95 % CI 1.79–4.66); AOR

for Rx-DIS propensity (AOR = 3.49, 95 % CI 2.40–5.08)].

4 Discussion

Our study demonstrated that new use of drugs included in

the NCQA’s HRME measure was associated with a greater

than twofold increased risk for emergency care and/or

hospital admission. Moreover, there was a suggestion that

there was a dose–response relationship with higher num-

bers of HRMEs being related to greater risk of acute care.

Exposure to HRME and Rx-DIS was also consistently

associated with increased mortality risk. Thus, our findings

provide support for the validity of these HEDIS� quality

measures in an older Veteran population.

Our study findings for the association with hospital

admission are consistent with findings from Albert et al.

[9], who found that prevalent HRME use over a 3-year

period came with a nearly twofold increased risk of hos-

pital admission in a retiree cohort receiving employer-

based drug benefits. The difference in the magnitude of our

point estimate versus that seen by Albert et al. [9] may be

explained by their inclusion of prevalent exposure because

those who took HRME drugs in the past and discontinued

them due to adverse effects would bias the association with

health services use toward the null. Our new-user design

(one third the number of individuals with exposure com-

pared to prevalent use) minimizes this potential mis-

classification bias and strengthens our results.

While adverse drug events (ADEs) are one possible

mechanism for these findings, two recently published

studies that examined individual cases of drug-related

hospital admissions in older adults found few admissions

that could be attributed to drugs (1–4 %) that are part of the

HRME list [36, 37]. It is possible, however, that taking a

medication from the HRME list serves as a proxy for other

types of prescribing problems as measured by implicit

measures such as the Medication Appropriateness Index

(MAI) [38]. This is an important consideration since

potentially inappropriate prescribing defined by the MAI

has been shown to be related to a host of poor clinical

outcomes including poor blood pressure control and quality

of life, and hospital admission [28, 39–42]. Future research

should examine the possibility that inappropriate pre-

scribing based on HEDIS� criteria may also be associated

with other measures of quality related to chronic

conditions.

It was also interesting to note that exposure to either

new HRME drugs or Rx-DIS increased the risk of 1-year

mortality by approximately 60 %. This finding is consistent

with some but not all previous studies using the overall

Beers drugs-to-avoid list [24, 26, 43]. While some

observed mortality effects may be due to confounding by
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disease severity, we believe this is unlikely given that we

controlled for medical and psychiatric comorbidities, pol-

ypharmacy and prior emergency care, or hospital admis-

sion, which are among the most important risk factors for

mortality in older adults [44]. Moreover, we also used a

propensity score approach that led to the same results.

Thus, it is possible that the HEDIS� HRME is more sen-

sitive to issues related to mortality than the broader list of

drugs to avoid.

While our findings for emergency care were consistent

with prior work for both single and multiple HRME

exposures (all AOR [2), it was somewhat surprising that

the risk of hospital admission was only shown to be

increased by 12 % in those with a single Rx-DIS exposure,

and not at all (roughly 18 % but not statistically significant)

in those with two or more exposures. This modest risk is

inconsistent with three studies that showed, even when

controlling for drugs to avoid in the elderly, measures for

drug–disease interactions were independently associated

with increased risk of adverse drug events [25, 41, 45, 46],

and functional status problems [11, 25]. What might

account for this discrepancy? Possibly Rx-DIS could be

resolved in the emergency department and not result in

hospital admission. Alternatively, those with the most

severe complications may have died, accounting for the

strong relationship between Rx-DIS and mortality. In

addition, the HEDIS� Rx-DIS measure examined drugs

that interact with only 3 conditions as opposed to the 12

conditions in the recently updated Beers criteria recently

developed by an expert panel convened by the American

Geriatric Society [47]. Moreover, that updated list of drugs

to avoid is significantly expanded beyond the earlier Beers

list used to develop the current HEDIS� measure.

It is also possible that we underestimated conditions

included in the Rx-DIS measure, particularly falls. The

rates we found for falls/fractures are likely to be an

underestimate as well given that injurious falls that would

lead to emergency care/hospitalization represent only a

small number (5–15 %) of falls that occur in community-

dwelling adults yearly [48].

Our study also may have underestimated the true rate of

NSAID use because VA PBM data does not account for

NSAIDs purchased over the counter. On the other hand, for

impoverished and high-disability VA patients, copayments

are waived making over-the-counter NSAIDs more

expensive.

While our study has a number of strengths including the

use of a large national sample, a longitudinal new user

design, and careful consideration of medication use and

health outcomes in an integrated healthcare system, several

additional limitations exist. First, our data do not include

variables that are not available in the national VA datasets.

We did not have access to care received from Medicare,

which leads to incomplete ascertainment of emergency

care or hospital admission, unlike VA mortality data,

which has been found to be very accurate [21]. Individuals

with HRME or Rx-DIS tend to have more chronic disease

[14, 15] and therefore may be more likely to receive hos-

pital admission or emergency care in a Medicare setting

than individuals without such exposure. Because that

would bias toward the null hypothesis, we believe our

results are conservative. Moreover, for certain conditions

such as falls and fractures, we could not control for func-

tional status or other unmeasured variables as potential

confounders as this data is not consistently collected in the

electronic medical record. We did, however, control for a

number of important physical and psychiatric comorbidi-

ties that are important risk factors for serious falls/fractures

and prior emergency care. We found that adjusted odds

ratios were generally lower than unadjusted odds ratios,

indicating that controlling for those variables associated

with HRME and Rx-DIS exposure attenuated the rela-

tionship between exposure and outcome. Moreover, anal-

yses controlling for propensity to have HRME/Rx-DIS

exposure were similar to those using regression analysis

[48], but it was interesting that the impact of propensity to

have HRME exposure had much stronger adjusted odds

ratios than propensity to have Rx-DIS exposure, suggesting

that the inclusion criteria for Rx-DIS led to a more

homogeneous sample.

Second, inclusion of individuals who received one or

more inpatient or outpatient visits in the VA during FY05

and FY06 may have the effect of including individuals who

are relatively healthy (and thus less similar to those with

HRME or Rx-DIS exposure), or who receive non-VA care.

However, analysis restricted to those with two or more

visits each year revealed the same results as those from the

overall cohort analyses.

Moreover, the analyses did not account for time on

medication. Many HRME/Rx-DIS are used ‘‘as needed,’’

making day supply an uncertain marker of exposure, with

the likelihood of gaps in use, regardless of the number of

days received. Similarly, adverse drug events may occur on

day 1 or day 360. This may, however, be an option for

future research. Finally, given that the sample was mostly

older men and VA patients, it is not clear how well this

information generalizes to older women and non-VA men

[49].

5 Conclusions

Our data indicate that HRME/Rx-DIS exposure is associ-

ated with clinically important adverse outcomes in the

elderly. While a newer Beers list is being evaluated for

additions to the current HEDIS� measures, it is time to

652 M. J. V. Pugh et al.



begin incorporating input from both patients who receive

these medications and providers who prescribe to develop

approaches to reduce exposure to these agents.
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