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Abstract

Purpose: Medications with anticholinergic and sedative properties are widely used among older
adults despite strong evidence of harm. The drug burden index (DBI), a pharmacological screening
tool, measures these properties across drug classes, and higher DBI drug exposure (DBI > 1) has
been associated with certain physical function-related adverse events. Our aim was to quantify
mean daily DBI drug exposure among older adults in the United States (US).
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Methods: We screened medications for DBI properties and operationalized the DBI for US
Medicare claims. We then conducted a retrospective cohort study of a 20% random, nationwide
sample of 4 137 384 fee-for-service Medicare beneficiaries aged 66+ years (134 757 039 person-
months) from January 2013 to December 2016. We measured the monthly distribution based on
mean daily DBI, categorized as (a) >0 vs 0 (any use) and (b) 0,0 <DBI<1,1<DBI <2, and
DBI > 2, and examined temporal trends. We described patient-level factors (eg, demographics,
healthcare use) associated with high (>2) vs low (0 < DBI<1) DBI drug exposure.

Results: The distribution of the mean daily DBI, aggregated at the month-level, was: 58.1% DBI
=0, 29.0% 0 < DBI<1, 9.3% 1 < DBI<2, and 3.7% DBI > 2. Predictors of high monthly DBI drug
exposure (DBI > 2) included certain indicators of increased healthcare use (eg, high number of
drug claims), white race, younger age, frailty, and a psychosis diagnosis code.

Conclusions: The predictors of high DBI drug exposure can inform discussions between
patients and providers about medication appropriateness and potential deprescribing. Future
Medicare-based studies should assess the association between the DBI and adverse events.

Keywords

aging; cholinergic antagonists; drug burden index; drug utilization; hypnotics and sedatives;
inappropriate prescribing; pharmacoepidemiology

INTRODUCTION

Medication management in older adults is challenging because aging alters the body’s
immune response and capacity to metabolize drugs, leading to an increased sensitivity to
intended and unintended drug effects.} Furthermore, older adults often are treated with
multidrug regimens, which may include medications with anticholinergic and sedating
properties.? These medications are commonly used among older adults despite strong
evidence of their harms.3~" Traditional anticholinergics include certain antidepressants,
antihistamines, and antipsychotics.8 However, many medications not typically recognized
as anticholinergic (eg, promethazine, meclizine) also have anticholinergic properties

that contribute to a patient’s overall anticholinergic burden.® Medications with
anticholinergic properties can have unintended effects on the peripheral (eg, blurred vision,
tachyarrhythmia) and central (eg, confusion, delirium, drowsiness) nervous systems.10.11
Older adults are particularly susceptible because aging is associated with reduced muscarinic
receptor density and activity, which increases risk for side effects including cognitive
impairment and falls.%12.13 Medications with sedating properties include benzodiazepines,
opioids, and antipsychotics.14 Use of medications with sedative-hypnotic properties is
cautioned against in older adults due to associations with cognitive impairment, delirium,
and falls.1>-17

Multiple medications with anticholinergic and sedating properties continue to be prescribed
to older adults.3-> This may in part be due to difficulty in identifying anticholinergic and
sedating properties, as there is no international consensus on how much anticholinergic or
sedating activity warrants classifying a medication as an “anticholinergic” or “sedative.”14.18
While medications with anticholinergic properties share a common mechanism (ie,
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blocking the binding of acetylcholine to cholinergic receptors), they often have additional
mechanisms of action. Medications with sedating properties have diverse chemical
structures and mechanisms, and span many drug classes, making them more difficult to
identify.1419 Moreover, there is no standardized definition of sedating effects,14 which
compounds the challenge of measuring the cumulative burden or load that these medications
pose. Numerous tools have been proposed to quantify cumulative anticholinergic and
sedating loads separately.14.18

The drug burden index (DBI) is a pharmacological screening tool that quantifies both
anticholinergic and sedative properties cumulatively, and therefore, may be particularly
relevant for medication management interventions.2% The DBI assigns each patient a
composite score based on the dose of drugs with anticholinergic and sedative properties
taken as well as a country-specific minimum recommended daily dose.20 Increases in

the DBI score have generally been associated with falls1821-28 and mortality22:29-31 jn
European and Australian cohorts. However, the DBI has not been applied in a large,

general cohort of older adults in the United States (US), where the medications available,
patterns of use, and the minimum recommended daily dose likely vary from other settings.32
Recently, the DBI was adapted for implementation using healthcare databases in New
Zealand, Finland, Ireland, and the Netherlands.29:30:33.34 Our study sought to expand DBI
accessibility for future claims-based research quantifying anticholinergic and sedating drug
dispensing in the US. We developed an updated US-based DBI drug list and operationalized
the DBI for Medicare claims, and used this framework to (a) measure the monthly
distribution based on mean daily DBI, (b) identify patient-level predictors of high mean
daily DBI exposure, and (c) describe temporal trends in the prevalence of several DBI
thresholds and the proportion of commonly dispensed medications.

2| METHODS

2.1

2.2

Data sources

We utilized a 20% nationwide, random sample of Medicare beneficiaries. Data were
obtained through a data use agreement between the Centers for Medicaid and Medicare
Services (CMS) and the University of North Carolina at Chapel Hill (UNC-CH). This
research was approved by the Institutional Review Board of the UNC-CH (Study #18-
2999).

Study population and design

We conducted a retrospective cohort study of Medicare beneficiaries during 2013 to

2016. This study period was selected because benzodiazepines (BZDs), a major class of
medications with sedating properties, were not covered by Medicare Part D from 2006 to
2012.3% Eligibility criteria differed for the monthly and annual analyses. However, for both,
beneficiaries were required to have continuous enrollment in Medicare fee-for-service (Parts
A, B) and Part D for the 12 months prior to exposure assessment. This time period was

used to define baseline covariates (eg, comorbidities, healthcare utilization, prior medication
use). Fee-for-service and Part D coverage were also required during the exposure assessment
window (ie, month or calendar year of interest) (Figure S1). Beneficiaries needed to be
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>66 years at the start of the calendar year of interest; beneficiaries <65 years are a unique
subgroup who receive coverage based on disability or advanced disease. For all analyses, we
required at least one insurance claim (medical care or pharmaceutical) during that year to
restrict to persons utilizing Medicare benefits.

2.3 | The drug burden index (DBI)

The DBI is a screening tool that was designed by Hilmer and colleagues in 2007 to

assess anticholinergic and sedative drug burden.2? The DBI contribution of a single drug
with anticholinergic and/or sedating properties incorporates the daily dose (D) and country-
specific minimum recommended daily dose (&) as follows:

D

DBI=D+5.

0]

Each DBI drug contribution can range from zero to one.36 To compute a patient’s total drug
burden (TDB), all DBI drug contributions are summed.3’ Operationalizing the DBI for a
US-based claims implementation required that we develop an updated US-based DBI drug
list and estimate each patient’s TDB using prescription claims.

2.4 | US-based DBI drug list

To develop a list of DBI drugs dispensed during the study period (Table S1), two geriatric
pharmacists (MJP and JCB) reviewed the unique drug generic names listed in the Part

D claims. Drugs were classified as having anticholinergic or sedating effects, both, or
neither. Sedating drugs were defined based on pharmacological classification as those
that depress the central nervous system and consisted of the following pharmacological
classes: BZDs, nonbenzodiazepine BZD receptor agonist hypnotics, antidepressants,
antipsychotics, anticonvulsants, antihistamines, skeletal muscle relaxants, and opioid
analgesics. Anticholinergic drugs included those classified as anticholinergics and those
with strong anticholinergic properties, as defined by the 2019 Beers Criteria38 and scoring
2 or 3 on the Anticholinergic Cognitive Burden Scale.3° For combination drugs, the
active ingredient(s) possessing these properties were labeled. Formulations unlikely to have
systemic effects (creams, ointments, gels, waxes, lotions, liniments, paints, pastes, drops,
irrigations, shampoos, and mouthwashes) were excluded.

25| Total drug burden (TDB)

To estimate the TDB, we (a) calculated the minimum recommended daily dose (8) for each
DBI drug, (b) estimated the daily dose (D) for each DBI drug dispensed in our data, (c)
calculated the daily DBI contribution of each drug, using both §and D, and (d) estimated the
TDB at the day level by summing across all daily DBI contributions for each calendar day in
the study period.

To calculate the minimum recommended daily dose (6) for each drug, we used the lowest
on-label daily dose available for any nonadjunct indication by formulation as listed in IBM’s
Micromedex Solutions software (Truven Health Analytics, Greenwood Village, CO) as
described in Table S2. For combination drugs, for each active ingredient with anticholinergic
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and/or sedating properties, we assigned the minimum dose based on the most commonly
dispensed combination drug with that ingredient. We then estimated the daily dose (D) for
each DBI drug dispensed as follows:

(Quantity Dispensed) X (Strength)
(Days Supply) ’

Daily Dose = )

Quantity dispensed, days supply, and strength for each dispensed prescription were extracted
from the Part D file. Prescriptions dispensed in 2012 with days supply carrying over

into the study period (2013-2016) were included. We then identified combination and
noncombination drugs based on the generic name and strength fields, and estimated drug
strength based on the information contained in the drug strength field as described in Table
S3.

Next, we identified distinct periods of continuous use for each dispensed DBI prescription
by daily dose, not allowing for any gaps between prescription fills. Using these periods of
use, we noted any periods of overlap, and adjusted the start and end date for each daily
dose accordingly to account for potential forward stockpiling. For each beneficiary, we used
the daily dose (D) and minimum recommended daily dose (8) to compute the daily DBI
contribution of each drug (Formula (1)).

We then estimated each individual’s TDB at the day level by summing across all the

daily DBI drug contributions for each calendar day in the study period. This daily DBI
drug exposure was averaged at the month and calendar year level to obtain monthly

mean daily DBI and annual mean daily DBI estimates. Hereinafter, simply “monthly”

and “annual DBI.” These steps were repeated to estimate the individual components (DBI-
Anticholinergic and DBI-Sedating, respectively) separately.

We categorized the DBI as (a) > 0 vs 0 (any use vs none) for comparability with the previous
longitudinal claims-based studies, and also as (b) 0 (none), 0 < DBI < 1 (low exposure, for
example, up to two drugs at the minimum recommended daily dose), 1 < DBI < 2 (medium
exposure), and DBI > 2 (high exposure, eg, more than four drugs at or above the minimum
recommended daily dose).30:33

2.6 | Covariate assessment

Several covariates were examined using data extracted from the Part A, B, and D claim
files and assessed during the 12-month period prior to exposure assessment. Demographic
characteristics included age, race (Black, white, Asian, Hispanic, Native American, other,
unknown), and sex (male, female). We used the following dichotomous (any, none) proxy
measures for socioeconomic status relating to Part D coverage: Partial Low-Income Subsidy,
Full Low-Income Subsidy, and State Buy-In Parts A and B coverage. We estimated a
proxy measure for frailty using the validated Faurot Medicare claims-based algorithm that
incorporated predictors of activities of daily living dependency.2? Beneficiaries’ predicted
probabilities of being frail were categorized as: low (0%-< 10%), low/intermediate (10%-<
20%), intermediate/high (20%-< 50%), and high (=50%).41 We considered the component
comorbidities that comprise the Gaghe Combined Comorbidity Score, a validated tool
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designed for predicting mortality in Medicare claims.#2 We also examined several healthcare
utilization indicators: number of outpatient visits, number of emergency department visits,
number of hospital admissions, and number of unique dispensed medications (count by
generic name). Codes are provided in Table S4.

Since CMS transitioned to using /nternational Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) on 1 October 2015, we used an updated version of
the Faurot frailty algorithm with ICD-10-CM mapping developed by Eavey and colleagues
in the Kaiser Permanente group (J Eavey, written personal communication, January 2018).
Likewise, we used the ICD-10-CM adapted and validated Gagne Score developed by Sun
and colleagues.*3

2.7 | Statistical analysis

We described the monthly and annual DBI score distributions graphically and examined

the patient-level characteristics outlined earlier stratified by several DBI score categories
(henceforth, DBI thresholds): 0, 0 < DBI<1, 1 < DBI<2, and DBI > 2. Next, we

estimated associations between these characteristics and medium (1 < DBI<2) and high
(DBI > 2) vs low (0 < DBI<1) monthly DBI drug exposure. For each characteristic, we
used modified Poisson regression models with robust variance** to estimate crude and
multivariable adjusted prevalence ratios (PRs) with corresponding 95% confidence intervals
(Cls). To facilitate model convergence, we excluded person-months with missing sex from
all analyses (n = 23).

Finally, we examined temporal trends in DBI drug dispensing. We first described how

the proportion of the most commonly dispensed DBI drugs changed over time. We

then considered whether the DBI threshold prevalence changed over time. To do so, we
determined specific eligibility for each prevalence window (ie, for each month and calendar
year included). Using the monthly DBI we computed earlier, we estimated the monthly point
prevalence and 95% confidence intervals for each month of the study period as follows:

__#of patients with Medicare PartsA, B, andDand a given DBI threshold in current month
- # of patients enrolled in Medicare PartsA, B, andDin current month :

Similarly, using the annual DBI we computed earlier, we estimated annual period prevalence
in each year of the study period as follows:

_ #of patients with Medicare PartsA, B, and Dand a given DBI threshold in current year
- # of patients enrolled in Medicare PartsA, B, andD for current year '

We used the same DBI thresholds, and for consistency with the two previous annual
prevalence estimates, also considered >0 vs 0 (any use vs none).3%:33 Statistical analyses
were conducted using SAS Statistical Software, version 9.3 (Cary, NC) and graphs were
generated using R Statistical Software (version 3.6.0).
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2.8 | Sensitivity analyses

For consistency with Medicare quality measures estimation,*> we conducted a sensitivity
analysis in which we further required =1 prescriptions to be filled in the time period in
which prevalence was estimated. We also graphed the monthly point prevalence of DBI >1
vs DBI <1 because this is commonly reported in the literature,23.24.26.31

3| RESULTS

3.1| DBI drug identification

We identified 187 distinct active ingredients with DBI properties (Table S1). Of these, one
had only anticholinergic properties, 118 had only sedating properties, and 68 had both
properties.

3.2| Demographic characteristics

The analysis population included 134 757 039 person-months from 4 137 384 Medicare
beneficiaries during 2013 to 2016 (Table 1). On average, these individuals were 76.3 years
old, 61.5% were women, and 86.0% identified as white.

3.3 | Drug burden index

The daily DBI distribution was very right skewed, with a mean (SD) of 0.38 (+0.69) over
the study period (Figure 1A). After restricting to beneficiaries with some DBI exposure

(ie, non-zero daily DBI scores), the mean (xSD) was 1.06 (+0.79) (Figure 1A). The daily
DBI distribution remained skewed after averaging at the month and year levels (Figure 1B).
There was no notable seasonal or temporal variation in the DBI distribution (Figure S2). The
distribution of the monthly DBI was 58.1% DBI = 0, 29.0% 0 < DBI<1, 9.3% 1 < DBI<2,
and 3.7% DBI > 2. (Table 1).

3.4| Factors associated with high (>2) monthly DBI

Among the demographic characteristics examined, the strongest predictors of high DBI drug
dispensation (>2), as compared to low DBI drug dispensation (0 < DBI < 1), were younger
age, female sex, and white race (Table 2). Of the healthcare utilization indicators examined,
having a high number of prescription fills was strongly positively associated with high DBI
drug exposure (adjusted PR for 10+ prescriptions vs 1-2 prescriptions: 9.96 (95% CI: 9.87-
10.06)) (Table 2). Additionally, as frailty probability increased (from low/intermediate to
high), the PR estimate moved further from the null (eg, adjusted PRs for low/intermediate
and high frailty, respectively: 1.47 (95% CI: 1.46-1.48) and 1.80 (95% ClI: 1.78-1.82))
(Table 2). While most of the component comorbidities had no or weak associations with
high DBI drug exposure, there was a strong positive association with psychosis (adjusted
PR: 2.30 (95% CI: 2.29-2.32)) (Table 2).

3.5| Prevalence of anticholinergic and sedative drug exposure

Overall, the highest proportions of specific DBI medications (out of all DBI drug claims) in
our study population were all for sedatives (hydrocodone (0.10), gabapentin (0.07), tramadol
(0.06)). Notably, there was a decline in hydrocodone dispensing (from 0.11 to 0.08) and
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a simultaneous increase in gabapentin dispensing (from 0.06 to 0.08) from 2013 to 2016
(Figure 2).

The annual period prevalence of any anticholinergic/sedative drug exposure decreased
slightly, with 62.13% (95% CI: 62.07%-62.20%) of the population dispensed one or more
DBI drugs in 2013 and 59.23% (95% CI: 59.18%-59.29%) dispensed in 2016 (Figure

3A). The monthly point prevalence was stable over the study period (overall: 41.99%

(95% CI: 41.93%-42.04%)) (Figure 3B). When we examined DBI thresholds, we observed
that the estimates were stable over the study period (Figure 3A,B). When stratifying

by DBI components (DBI-Anticholinergic and DBI-Sedating), we saw similarly stable
monthly point prevalence trends, with a higher prevalence for DBI-Sedating >0 than for
DBI-Anticholinergic >0, since the majority of drugs were sedating only (Figure S3).

3.6 | Sensitivity analyses

When we restricted to beneficiaries dispensed at least one prescription during the time
period in which prevalence was estimated, the prevalence estimates (for cutoffs of 0 and
1) were slightly higher for both point and period analyses, but the trends were consistent
(Figure S4).

4| DISCUSSION

This study quantified total anticholinergic and sedating drug burden using the DBI, a
pharmacological screening tool, in a large, US-based healthcare database. While we did not
observe substantial temporal changes in the DBI scores over the study period (2013-2016),
there were changes in the anticholinergic and sedating drugs dispensed. Consistent with the
literature, and coinciding with the hydrocodone scheduling change in 2014, we noticed that
as hydrocodone dispensing declined, gabapentin dispensing increased.#647 The strongest
predictors of high monthly DBI drug exposure (DBI > 2) included high number of drug
claims, white race, younger age, frailty, and a psychosis diagnosis code.

While a medication count is an easy screening method, medication prescribing is complex
and more refined tools such as the DBI may help better flag patients taking medications
whose harms may outweigh their benefits.14 The DBI can support clinical decision-making
and help monitor quality of care system-wide across multiple patients and healthcare
providers.3” It is intended to promote good clinical judgement, rather than supersede it, by
alerting providers to possible harms and reminding them to consider alternative treatments.3’

The DBI was developed in a prospective cohort study of Medicare beneficiaries,20

the Health, Aging, and Body Composition (Health ABC) study, which recruited 3075
participants from two geographic sites during 1997—1998.20 However, to our knowledge,

it has not been applied in a large, more representative US-based older adult population since
then. In their original publication, Hilmer and colleagues reported a mean DBI score of 0.18
(£0.35), which is lower than our reported mean daily DBI score of 0.38 (£0.69) over the
study period. This difference may be explained in part by differences in study population
and exposure assessment. The Health ABC study participants were described as well-
functioning, older adults aged 70-79, whereas our population was more diverse in terms
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of health status and age. Additionally, in the original DBI study, exposure was estimated
based on a single medication inventory assessment designed to capture medication use in the
past two weeks, whereas ours was based on longitudinal, pharmaceutical dispensing claims.
In a longitudinal analysis incorporating three timepoints across five years, the percentage of
Health ABC participants with nonzero DBI scores reported was 34%, 26%, and 29%.48 As
anticipated, these are substantially lower than our annual period prevalence estimates, and
more similar to our monthly point prevalence estimates. The high and sustained estimates
of monthly point prevalence of any anticholinergic/sedative drug exposure we report over
the study period suggest that the existing clinical guidelines (eg, the Beers Criteria3®) are
not reducing DBI drug use sufficiently and specific interventions for deprescribing may be
warranted.

Four prior pharmacy claims-based DBI implementations have been reported.29:30:33.34 Tyyo
described short-term exposure (1-month or 4-month) and two described annual exposure.
Of the short-term exposure studies, the Finnish study had a matched design in which
patients with an Alzheimer’s disease diagnosis were matched to those without, rather than

a general population, making its results difficult to compare.29 However, the results of a
Dutch study, which reported on nationwide DBI drug exposure during November 2016, can
be compared to our monthly exposure analyses.3* The proportion of older adults exposed

to any anticholinergic/sedative drug in the Netherlands was 31.92% (766 174 / 2 400 000),
while we found a point prevalence of any monthly anticholinergic/sedative drug exposure of
40.95% (95% CI: 40.90%—41.01%) for any use during November 2016 among US Medicare
Beneficiaries.3* Similarly, our estimates during that month for 1 < DBI<2 and DBI >2
(9.09% (95% CI: 9.06%-9.12%) and 3.50% (3.48%—-3.52%), respectively) are higher than
theirs for DBI >1 (8.7%).34

With respect to annual exposure studies, a New Zealand-based study reported a mean DBI
score of 0.177 during 2011,39 and an Irish study reported a median DBI score of 0.52
during 2016,33 which is more comparable to our result. The New Zealand study reported an
annual prevalence of any anticholinergic/sedative drug exposure of 43.22% (95% CI: 43.09-
43.35),39 while the Irish study reported a prevalence of 66%,33 again more similar to our
findings. Country-specific and temporal differences such as differences in drug availability,
prescribing practices, and, in the case of the DBI score, dosing recommendations from
regulatory authorities may help explain why our study results differ more from those

of the New Zealand study. Interestingly, as in the Irish study, we found that the most
commonly dispensed drug was an opioid (codeine and hydrocodone, respectively), and
tramadol and alprazolam were also frequently dispensed. To calculate the DBI, both prior
studies multiplied the TDB by the days dispensed and then divided by 365. In our study,
however, we considered distinct periods of continuous use by dose and adjusted the start
and end date for each daily dose accordingly to account for potential forward stockpiling.
Another key difference is that we examined patient-level factors (assessed with a 12-month
lookback window) associated with high (>2) DBI drug exposure, whereas the Irish study
considered factors (measured during the study period) associated with any exposure (vs
none). However, like our study, the Irish study also reported positive adjusted associations
between DBI drug exposure and each of female sex, younger age, and high medication
count.
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The finding of an association with younger age is surprising since we thought that younger
beneficiaries would be healthier on average and have lower DBI drug exposure. Given

that higher frailty probability was also a predictor of high DBI exposure in our study,
perhaps frailty probability is more indicative of underlying health status than a chronological
measure such as age. Additionally, all of the reported associations are independent (ie,
multivariable); therefore, some of the effect of age is accounted for by adjustment for frailty
and comorbidity, which are strongly correlated with age. However, the association with a
psychosis diagnosis was expected since antipsychotics can have both DBI properties. Other
studies also identified comorbidities which were not examined (eg, Parkinson’s disease*?) as
predictors of high anticholinergic exposure.

Our study has several limitations. Prescription drug claims are considered a high quality
measure of drug exposure since they are audited and undergo multiple validity checks

to ensure their accuracy,®® however, Part D claims only capture outpatient prescription
medication dispensed; over-the-counter medications and those administered in a hospital
setting are not included. Because Part D claims arise from financial transactions, they do
not confirm that a patient took a medication.51 Nonetheless, claims are one step closer to
the patient actually taking a drug (as compared to prescribing data). Claims do not indicate
whether medications should be used regularly or on an as-needed basis. If intended for
as-needed use, patients may stretch their medication supply over a longer period of time,
which can result in measurement error in prevalence estimates. Additionally, prescription
information can be lost when patients have additional drug coverage.>° Finally, we could
not access Medicare Part C (Medicare Advantage) data, and so our results may not be
generalizable to those beneficiaries. However, as of 2016, the majority (69%) of Medicare
beneficiaries were not enrolled in Part C.52

Our study has several important strengths. This was the first US-based claims
implementation of the DBI, a measure that quantifies cumulative drug burden of
medications with anticholinergic and sedating properties. Our analysis population was
comprised of a large, nationwide random sample of Medicare beneficiaries. Using the
Part D claims, we could describe the raw daily DBI and the mean daily DBI (at

month and year levels) score distributions. Additionally, this data source enabled us to
provide detailed temporal descriptions of both the daily DBI threshold distribution and
the prevalence of anticholinergic/sedative drug dispensation. Recent studies of national
trends in anticholinergic and sedative-hypnotic use among US-based older adults were
conducted among patients seen in psychiatric and primary care settings using survey
data that only captures up to 10 prescribed medications per patient.34 Additionally, since
primary non-adherence (patients not filling new prescriptions) is common, a measure of
medication dispensing (such as that offered by prescription claims) likely better reflects
actual medication use.

5| CONCLUSIONS

Our study offers several key insights for both providers and researchers. For US-based
geriatric healthcare providers, it highlights patient-level factors associated with high DBI
drug exposure that may guide discussions regarding medication appropriateness with
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patients. It also describes temporal dispensing of medications with properties known to be
harmful.1? For researchers, it facilitates future DBI operationalization in Medicare claims,
by supplying an updated US-based DBI drug list with estimated minimum daily doses,

and demonstrates practical considerations that arise (eg, handling combination drugs, and
assigning drug strength) and potential solutions. Studies examining the association between
Medicare claims-based DBI exposure measures and important adverse events are needed to
further validate this tool’s ability to identify US-based older adults at high risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

This study highlights patient-level factors (eg, high number of drug claims,
white race, younger age, frailty, and a psychosis diagnosis code) associated
with high DBI drug exposure.

No substantial changes in the prevalence of any anticholinergic and/or
sedative drug exposure were observed over the study period (2013-2016),
however, there were changes in the types of anticholinergic and/or sedative
drugs dispensed.

This study provides a framework to facilitate Medicare claims-based studies
of the DBI and identifies predictors of high DBI drug exposure that can
help inform discussions between older adults and their healthcare providers
regarding medication appropriateness.
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Daily drug burden index (DBI) distribution among Medicare Beneficiaries, 2013-2016. A,
Daily DBI-total distribution. B, Daily DBI-total distribution for the study period, stratified
by level (eg, (none) day, month, year) at which the DBI was averaged
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Temporal changes in the proportions of the most common prescriptions (among all DBI
prescriptions) among Medicare Beneficiaries, 2013-2016
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FIGURE 3.
Prevalence of drug burden index (DBI) threshold exposure among Medicare Beneficiaries
during 2013-2016. A, Annual period prevalence. B, Monthly point prevalence
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