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Prescribing trends of proton pump B

inhibitors, antipsychotics and benzodiazepines
of medicare part d providers

Jennifer M. Toth'”, Saumil Jadhav', Holly M. Holmes? and Manvi Sharma'

Abstract

Background: Proton pump inhibitors, benzodiazepines, and antipsychotics are considered potentially inappropriate
medications in older adults according to the American Geriatric Society Beers Criteria, and deprescribing algorithms
have been developed to guide use of these drug classes. The objective of this study was to describe the number of
beneficiaries prescribed these medications, provider specialty and regional trends in prescribing, and the aggregate
costs for these claims in Medicare Part D.

Methods: This was a retrospective cross-sectional study using publicly available Medicare Provider Utilization and
Payment Data: Part D Prescriber data for years 2013-2019. Descriptive statistics and the Cochrane-Armitage test were
used to summarize the trends.

Results: Overall, 30.1%, 25.6%, 4.6% of Medicare Part D beneficiaries had a proton pump inhibitor, benzodiazepine,
and antipsychotic claim in 2013, respectively. These rates decreased to 27.5%, 17.5%, 4.1% in 2019 (p-value <0.0001).
However, the number of standardized 30-day claims increased from 63 million in 2013 to 84 million in 2019 for proton
pump inhibitors, remained steady for benzodiazepines and slightly increased (10 million to 13 million) for antipsychot-
ics. Total aggregate costs decreased by almost $1.5 billion for proton pump inhibitor, $100 million for benzodiazepine,
and $700 million for antipsychotic from 2013 to 2019 (p-value < 0.0001). Almost 93% of gastroenterologists prescribed
a proton pump inhibitor, and 60% of psychiatrists prescribed benzodiazepines and antipsychotics all seven years. The
Other region had the highest percentage of providers prescribing all three classes and the highest number of stand-
ardized 30-day benzodiazepine claims.

Conclusions: The overall rate of use of proton pump inhibitors, benzodiazepines, and antipsychotics decreased from
2013-2019 among Medicare Part D beneficiaries. Despite the increase in raw number of standardized 30-day claims,
the costs decreased which is likely due to generics made available. These prescribing trends may aid in identifying
and targeting potential deprescribing interventions.

Keywords: Medication use, Costs, Antipsychotic, Benzodiazepine, Proton pump inhibitor, Geriatric, Deprescribing

Introduction

The American Geriatrics Society Beers criteria includes

proton pump inhibitors (PPIs), antipsychotics (APs) and

benzodiazepines, including z-sleep aids, (BZRAs) as
*Cormespondence: Jooth@goolemissedy potentially inappropriate drug classes for older adults
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these classes of drugs when indicated or warranted [2—4].
Deprescribing has been defined as the “systematic pro-
cess of identifying and discontinuing drugs when exist-
ing or potential harms outweigh existing or potential
benefits within the context of an individual patient’s care
goals, functional status, life expectancy, values, and pref-
erences” [5]. After at least four weeks of PPI treatment
and resolution of gastrointestinal symptoms, there is a
strong recommendation to stop or decrease the dose of
the PPI or use it as needed with a few exceptions [2]. APs
should be stopped for insomnia and tapered for demen-
tia symptoms that are controlled and have been treated
for more than three months [3]. BZRAs are strongly rec-
ommended to be slowly tapered in elderly adults who are
using these for insomnia [4]. These medications are rec-
ommended for deprescribing because benetfits, if any, do
not outweigh the risks.

Overall, use of these medications needs to be indi-
vidualized with consideration of each patient’s condition
being treated, concomitant medications, and comorbidi-
ties. A review suggests using PPIs for the shortest time
possible favoring conditions that would benefit the most
from PPIs [6]. A meta-analysis that compared the effec-
tiveness and adverse effects of specific APs concluded
benefits and risks of using antipsychotics need to be
assessed in each patient [7].

As with any drug, there are benefits as well as safety
concerns. However, older adults may be more prone to
these adverse effects. A few common adverse effects of
PPIs found in the older adult population from claims data
include increased risk for Clostridium difficile infections,
bone fractures, and myocardial infarctions if on concom-
itant clopidogrel [8—13]. Recently, current PPI use was
found to be associated with worse COVID-19 outcomes
in a Korean sample [14]. The benefits of PPIs outweigh
the risks when indicated, but the need for PPIs should be
assessed at subsequent health care visits [15]. Reduced
mortality and hospitalization from upper gastrointesti-
nal bleeds with concomitant non-steroidal anti-inflam-
matory drugs, oral anticoagulation, COX-2 inhibitors, or
salicylates are reported benefits of PPIs from claims data
[16-19]. Multiple adverse effects, including increased
risk of mortality, stroke, extrapyramidal symptoms, and
pneumonia are associated with some or all APs [20]. APs
have not been found to help prevent or treat delirium in
inpatients and are associated with falls [21, 22]. BZRAs
have been associated with falls, dependence, decrease in
cognitive function, and mortality [22, 23].

Each of these three drug classes is frequently inappro-
priately prescribed in older adults, despite the adverse
benefit/risk profile. PPIs are a highly prescribed medi-
cation. In a study of National Ambulatory Medical
Care Survey data from 2006—10, PPI prescriptions were
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issued during 329 million estimated outpatient visits
[24]. Over 50-80% of patients discharged from the hos-
pital have been found to be inappropriately prescribed a
PPI [25-27]. Continuing the PPI 30 days post-discharge
cost a managed care organization more than $3 million
over four years [27]. In residential facility patients with
dementia, around 30% used an AP every year, and 65% of
these users were on an AP for longer than three months
[28]. In 2008, 8.7% of US adults 65-80 years old used
BZRAs, and 2.7% used BZRAs long-term [29]. About
12% of Norwegians who used BZRAs aged 70—89 years
were found to not use them appropriately [30].

Because these medications are recommended to be
used not at all, with caution, or for a short duration in the
older adult population, identifying prescribing trends can
highlight where deprescribing efforts should be targeted.
The objectives of this research were to describe the pre-
scribing trends and prevalence, per physician specialty
type and US region and to estimate the aggregate costs of
PPIs, APs and BZRAs based on Medicare Part D claims
in beneficiaries > 65 years.

Methods

Design

This is a retrospective, observational study that aims to
characterize prescribing trends of PPIs, APs, and BZRAs
in the Medicare Part D population over the age of 65.
This study has been approved as exempt by the Univer-
sity of Mississippi Institutional Review Board.

Data sources

Data for this study came from Medicare Provider Utili-
zation and Payment Data: Part D Prescriber for calendar
years 2013-19, which are publicly available from Cent-
ers for Medicare & Medicaid Services [31]. The Detailed
Data, Provider Summary Table, and National Drug Sum-
mary Table for each year were utilized for 2013—18 data,
and the Medicare Part D prescribers — by geography and
drug, Medicare Part D prescribers—by provider, and
Medicare Part D Prescribers—by provider and drug sets
were used for 2019 data. The Detailed Dataset and Medi-
care Part D prescribers—by provider and drug allowed
for analysis of providers and the count of unique bene-
ficiaries to whom they prescribed PPIs, APs, or BZRAs
each year. The Provider Summary Table and Medicare
Part D Prescribers—by provider were used for gathering
characteristics on prescribers. Overall prescribing prev-
alence for individual and total drug use were calculated
from the National Drug Summary Table and Medicare
Part D prescribers — by geography and drug for each year.
Total Medicare Part D beneficiaries were found in Medi-
care Part D grand totals report. Aggregated values from
10 or less beneficiaries are suppressed [32].
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Participants

The study population of interest was Medicare Part D
beneficiaries > 65 years and their providers. Beneficiaries
over the age of 65 years constitute most of the Medicare
Part D population at about 83%. Counts of beneficiar-
ies> 65 years are already separated in the data sets and
are identified by “GE65_" at the beginning of the vari-
able name or “_65” at the end of the variable name. Data
from beneficiaries who used PPIs, APs, or BZRAs were
included.

Using the National Drug Summary Table and Medicare
Part D prescribers — by geography and drug, PPIs were
found by searching by generic name, including dexlanso-
prazole, esomeprazole, lansoprazole, omeprazole, panto-
prazole, and rabeprazole. PPIs that were in intravenous
form were excluded from the study. APs were searched
by name, and included amoxapine, aripiprazole, asenap-
ine, chlorpromazine, clozapine, haloperidol, iloperidone,
loxapine, olanzapine, paliperidone, quetiapine, and risp-
eridone. BZRAs were found by generic names, including
alprazolam, chlordiazepoxide, clonazepam, clorazepate,
diazepam, estazolam, eszopiclone, flurazepam, loraz-
epam, oxazepam, temazepam, triazolam, and zolpidem.
Midazolam and diazepam rectal gel were excluded.

Variables
Prevalence of use of each drug was calculated by sum-
ming the unique beneficiaries over the age of 65 years
(unique_bene_65 or GE65_Tot_Benes) that were pre-
scribed each drug and divided by the total number of
Medicare Part D beneficiaries over the age of 65 years
for each year. Total standardized 30-day claims and total
aggregated costs for each drug were calculated by sum-
ming their respective variables. Standardized 30-day
claim was defined in the data set as the number of days’
supply on a claim divided by 30, and total aggregated
costs include all costs associated with the drug claim [33].
Similarly, prescribers who prescribed each drug class
were found on the Detailed Data and Medicare Part D
prescribers — by provider and drug set and matched
with their National Provider Identifier on the Provider
Summary Table and Medicare Part D prescribers—by
provider. Prescribers were categorized in five broader
specialty categories based on their specialty. These
specialties include surgeons, gastroenterology, gen-
eral practitioners, mid-level practitioners, and alterna-
tive medicine practitioners for PPIs. Geriatric medicine
physicians were included in general practitioners. For
APs and BZRAs specialties were categorized as sur-
geons, sleep medicine, psychiatrist, general practitioner,
mid-level practitioners, and alternative medicine prac-
titioners. Geriatric psychiatrists were included with
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psychiatrists. General practitioners included internal
medicine, family medicine, and unknown providers.
Mid-level practitioners included non-physician health
providers. Prescribers were categorized into five regions,
Northeast, Midwest, South, West, Other, based on their
state or territory [34]. The Other region includes U.S. ter-
ritories, armed forces located outside the U.S., foreign
countries, and unknown areas. Total number of prescrib-
ers of each drug class and standardized 30-day claims
for beneficiaries over 65 years were calculated for each
specialty and region. Counts from providers that have
prescribed certain medications to <11 beneficiaries were
suppressed, which could lead to lower values than what
would be found in the true population.

Statistical analysis

SAS version 9.4 (Cary, NC) was used to analyze the data.
Descriptive statistics were used to summarize the num-
ber of beneficiaries over 65 years with a claim for each
drug, number of standardized 30-day claims for ben-
eficiaries over 65 years, aggregate costs, and number of
prescribers and standardized 30-day claims for benefi-
ciaries over 65 years grouping by specialty and region. To
test the significance of temporal trends, the percentage
change in the proportion of use over time for totals were
estimated with use of the Cochran—Armitage trend test.
Sensitivity of analyses of trend tests were done with logis-
tic regression using the log-likelihood ratio and the Wald
test. All tests were two-sided with an alpha of 0.05.

Results

PPIs

The overall prevalence of PPI prescriptions in 2013 for
the Medicare Part D population over the age 65 years was
30.1%. The prevalence increased to 30.3% in 2015 and
decreased to 27.5% in 2019 (p <0.0001). Omeprazole was
the drug with the highest prevalence, which decreased
from 17.7% in 2013 to 14.7% in 2019. The prevalence of
pantoprazole prescriptions increased from 6.1% in 2013
to 9.8% in 2019. The number of beneficiaries and preva-
lence of beneficiaries over the age of 65 years prescribed
a PPI from 2013 to 2019 for each PPI can be seen in
Table 1.

Table 2 shows the total number of standardized 30-day
PPI claims for beneficiaries over the age of 65 years for
each PPI from 2013-19. The number of standardized
30-day claims increased from 2013 to 2019. However,
the number of claims per 1,000,000 standardized 30-day
claims has slightly decreased from 41,604.5 to 39,660.6
(p<0.0001). Pantoprazole was the only PPI whose num-
ber of claims per 1,000,000 increased from 7,638.2 per
1,000,000 in 2013 to 13,466.8 per 1,000,000 in 2019. How-
ever, omeprazole remained the most highly prescribed
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Table 1 Number of beneficiaries over the age of 65 years with at least one claim for a PPI, benzodiazepine, or antipsychotic from 2013

to 2019°

PPI Class

2013
(n=28,844,629)

2014
(n=30,684,148)

2015
(n=32,313,123)

2016
(n=33,891,805)

2017
(n=35,372,145)

2018
(n=36,932,602)

2019
(n=38,553,139)

Dexlansoprazole
Esomeprazole
Lansoprazole
Omeprazole
Pantoprazole
Rabeprazole
Total®
Benzodiazepines
Alprazolam
Chlordiazepoxide
Clonazepam
Clorazepate
Diazepam
Estazolam
Eszopiclone
Flurazepam
Lorazepam
Oxazepam
Temazepam
Triazolam
Zolpidem
Total®
Antipsychotics
Amoxapine
Aripiprazole
Asenapine
Chlorpromazine
Clozapine
Haloperidol
lloperidone
Loxapine
Olanzapine
Paliperidone
Quetiapine
Risperidone

Total®

226,986 (0.8%)
1,111,550 (3.9%)
387,702 (1.3%)
5,108,489 (17.7%)
1,758,007 (6.1%)
75,443 (0.3%)
8,668,177 (30.1%)

1,786,661 (6.2%)
31,937 (0.1%)
752,162 (2.6%)
55,888 (0.2%)
664,643 (2.3%)
10,435 (<0.1%)
105,064 (0.4%)
14,508 (<0.1%)
1,617,143 (5.6%)
21,148 (<0.1%)
524,470 (1.8%)
48,416 (0.2%)
1,758,215 (6.1%)
7,390,690 (25.6%)

1555 (<0.1%)
126,298 (0.4%)
3586 (<0.1%)
21,011 (<0.1%)
8,813 (<0.1%)
98,486 (0.3%)
1337 (<0.1%)
3214 (<0.1%)
191,485 (0.7%)
4674 (<0.1%)
538,274 (1.9%)
339,875 (1.2%)
1,338,608 (4.6%)

225,310 (0.7%)
1,061,160 (3.5%)
380,258 (1.2%)
5,395,876 (17.6%)
2,146,790 (7.0%)
61,212 (0.2%)
9,270,606 (30.2%)

1,865,302 (6.1%)
27,715 (<0.1%)
813,472 (2.7%)
57,288 (0.2%)
684,480 (2.2%)
9439 (<0.1%)
139,817 (0.5%)
10,050 (<0.1%)
1,642,220 (5.4%)
18,241 (<0.1%)
543,168 (1.7%)
35,747 (0.1%)
1,608,998 (5.2%)
7,455,937 (24.3%)

1527 (<0.1%)
131,256 (0.4%)
3620 (<0.1%)
20,943 (<0.1%)
9,362 (<0.1%)
94,136 (0.3%)
1329 (<0.1%)
3341 (<0.1%)
196,381 (0.6%)
5226 (<0.1%)
572,652 (1.9%)
326,341 (1.1%)
1,366,114 (4.5%)

232,998 (0.7%)
1,076,591 (3.3%)
364,983 (1.1%)
5,599,523 (17.3%)
2,450,771 (7.6%)
54,968 (0.2%)
9,779,834 (30.3%)

1,980,676 (6.1%)
25,178 (<0.1%)
844,327 (2.6%)
54,743 (0.2%)
679,446 (2.1%)
9190 (<0.1%)
85,005 (0.3%)
8148 (<0.1%)
1,700,107 (5.3%)
15,736 (<0.1%)
557,689 (1.7%)
32,590 (0.1%)
1,449,947 (4.5%)
7,442,782 (23.0%)

1439 (<0.1%)
196,453 (0.6%)
3636 (<0.1%)
20,062 (<0.1%)
10,123 (<0.1%)
89,010 (0.3%)
1183 (<0.1%)
3277 (<0.1%)
203,320 (0.6%)
7307 (<0.1%)
600,267 (1.9%)
315,664 (1.0%)
1,451,741 (4.5%)

233,815 (0.7%)
916,632 (2.7%)
300,835 (0.9%)
5,671,998 (16.7%)
2,738,089 (8.1%)
52,534 (0.2%)
9,913,903 (29.3%)

2,009,077 (5.9%)
29,595 (<0.1%)
871,342 (2.6%)
50,707 (0.1%)
694,963 (2.1%)
8651 (<0.1%)
76,631 (0.2%)
6463 (<0.1%)
1,709,125 (5.0%)
13,899 (<0.1%)
523,224 (1.5%)
28,584 (<0.1%)
1,288,142 (3.8%)
7,310,403 (21.6%)

1383 (<0.1%)
155,139 (0.5%)
3639 (<0.1%)
19,113 (<0.1%)
10,730 (<0.1%)
83,392 (0.2%)
976 (<0.1%)
3318 (<0.1%)
211,627 (0.6%)
7099 (<0.1%)
631,804 (1.9%)
305,413 (0.9%)
1,433,633 (4.2%)

223,256 (0.6%)
797,721 (2.3%)
244,572 (0.7%)
5,588,075 (15.8%)
3,076,216 (8.7%)
49,292 (0.1%)
9,979,132 (28.2%)

2,000,549 (5.7%)
30,014 (<0.1%)
886,423 (2.5%)
46,122 (0.1%)
697,061 (2.0%)
8307 (<0.1%)
78,527 (0.2%)
5075 (<0.1%)
1,667,926 (4.7%)
12,134 (<0.1%)
480,709 (1.4%)
26,591 (<0.1%)
1,202,397 (3.4%)
7,141,835 (20.2%)

1250 (<0.1%)
165,097 (0.5%)
3388 (<0.1%)
18,950 (<0.1%)
11,464 (<0.1%)
78,850 (0.2%)
989 (<0.1%)
3295 (<0.1%)
222,829 (0.6%)
7107 (<0.1%)
667,785 (1.9%)
296,788 (0.8%)
1,477,792 (4.2%)

211,981 (0.6%)
688,701 (1.9%)
225,696 (0.6%)
5,555,228 (15.0%)
3,407,091 (9.2%)
48,827 (0.1%)
10,137,524 (27.4%)

1,965,284 (5.3%)
26,637 (<0.1%)
891,142 (2.4%)
40,986 (0.1%)
687,401 (1.9%)
8300 (< 0.1%)
81,222 (0.2%)
4731 (<0.1%)
1,595,208 (4.3%)
10,866 (< 0.1%)
462,935 (1.3%)
26,758 (<0.1%)
1,185,920 (3.2%)
6,987,390 (18.9%)

611(<0.1%)
187,750 (0.5%)
3220 (<0.1%)
18,362 (<0.1%)
12,278 (<0.1%)
72,109 (0.2%)
1039 (<0.1%)
3348 (<0.1%)
235,154 (0.6%)
7735 (<0.1%)
705,936 (1.9%)
293,081 (0.8%)
1,540,623 (4.2%)

201,243 (0.5%)
672,584 (1.7%)
230,987 (0.6%)
5,649,420 (14.7%)
3,781,609 (9.8%)
50,459 (0.1%)
10,586,302 (27.5%)

1,905,324 (4.9%)
25,674 (<0.1%)
878,711 (2.3%)
34,705 (<0.1%)
671,488 (1.7%)
8567 (<0.1%)
79,400 (0.2%)
3359 (<0.1%)
1,531,912 (4.0%)
9482 (<0.1%)
419,709 (1.1%)
27,611 (<0.1%)
1,140,302 (3.0%)
6,736,244 (17.5%)

569 (<0.1%)
213,379 (0.6%)
3141 (<0.1%)
17,757 (<0.1%)
13,004 (<0.1%)
46.401 (0.1%)
1011 (<0.1%)
3477 (<0.1%)
248,824 (0.6%)
8396 (<0.1%)
743,744 (1.9%)
291,000 (0.8%)
1,590,703 (4.1%)

2 percent of all Medicare Part D beneficiaries over the age of 65 years with a PPI, benzodiazepine, or antipsychotic claim from 2013 to 2018 in parentheses “Per

Cochran-Armitage trend test, p-value was <0.0001 for all class level yearly trends

PPI despite its decrease in rate of claims (25,625.3 to
21,863.8 per 1,000,000 claims from 2013 to 2019).

Total aggregate costs per $1,000,000 for PPIs decreased
from $43,282 in 2013 to $12,575 in 2019 (p<0.0001).
Costs for dexlansoprazole and pantoprazole increased.
All others had decreasing costs. Dexlansoprazole was the
only PPI that had increasing costs per $1,000,000 from
$3,016 in 2013 to $3,989 in 2017, which then decreased
to $3437 in 2019. Other aggregates costs are in Table 3.

The number of PPI prescribers in each specialty
group are in Table 4. The proportion of providers who
prescribed PPIs decreased from 27.4% in 2013 to 25.7%

in 2019 (p <0.0001). Overall, general practitioners and
mid-level practitioners had the highest number of
providers prescribing a PPI. However, gastroenterol-
ogy had the highest percentage (~93%) of providers
prescribing a PPI all seven years. Table 5 shows num-
ber of standardized 30-day PPI claims from each spe-
cialty for beneficiaries over 65 years. Claims per 1000
are reported at the provider level due to lower counts
compared to the overall counts because of suppression
of counts<11. The percent of PPI prescribers having
all missing values for their standardized 30-day PPI
claims increased from 25% in 2013 to 31% in 2019.The
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number of PPI claims per 1000 remained fairly steady
across all seven years for all specialties, and the pro-
portion of PPI claims to all claims had a significant
decreasing trend (30.4 to 27.7 per 1000, p <0.0001).
Gastroenterologists prescribed 313.9 to 325.2 PPIs per
1000 standardized 30-day claims for beneficiaries over
65 years. General practitioners had the second high-
est PPI claim rate (31.9-35.1 per 1000) and special-
ists the lowest (6.1-9.5 per 1000). Table 6 shows PPI
prescribers in each region. There were several regional
differences. South had the highest number of PPI pre-
scribers for beneficiaries over 65 years, but prescribers
in Other region had the highest percentage prescrib-
ing a PPI. The South also had the highest number of
standardized 30-day PPI claims for beneficiaries over
65 years and the highest number of PPI claims per
1000 claims (29.9-34.0). The West had the fewest PPI
claims per 1000 claims (21.8-26.4). Table 7 shows the
number of standardized 30-day claims for beneficiar-
ies over 65 years for the regions.

Antipsychotics

The use of APs by beneficiaries was low and slightly
decreasing from 2013 to 2019 (4.6% to 4.1%, p < 0.0001).
Less than 5% of beneficiaries used an AP with quetia-
pine being the most common at 1.9% each year. Table 1
shows rates of beneficiary AP use. Although rates of
beneficiary use were low, standardized 30-day claims
per 1,000,000 were relatively high, but trending down-
ward, ranging from 6,316.1 to 6,797.3 (p <0.0001). Total
standardized 30-day AP claims increased by over 3 mil-
lion from 2013 to 2019. Quetiapine and risperidone
together accounted for over half of these claims. Stand-
ardized 30-day claims of other APs are in Table 2.

The aggregate costs of APs are in Table 3. Total costs of
APs more than halved from over $1.2 billion in 2013 to
over $500 million in 2019, and costs per $1,000,000 were
more than quartered from $17,272 to $3973 (p <0.0001).
Aripiprazole had the greatest decrease in costs from
nearly $600 million ($8,310 per $1,000,000) in 2013 to
under $200 million ($1310 per $1,000,000) in 2019. This
decrease in cost was likely due to generic approval for
aripiprazole in 2015.

The percent of providers prescribing APs signifi-
cantly decreased across seven years (13.0% to 12.2%,
p<0.0001). Psychiatrists had the highest prescribing rate
at just over 60%, and general practitioners were the sec-
ond highest prescribers at or under 30%. Each provider
type prescribed 5 or less APs for every 1,000 claims,
except psychiatrists who had 110.8-115.6 standardized
30-day claims per 1,000. Claims per 1000 are reported
at the provider level due to lower counts compared to
the overall counts because of suppression of counts<11.
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The percent of AP prescribers having all missing values
for their standardized 30-day AP claims increased from
17.6% in 2013 to 24.7% in 2019. Provider type prescrib-
ing rates and standardized 30-day claims for APs are in
Tables 5 and 6, respectively. Other region had the high-
est AP prescribing rate (16—17%). All other regions had
similar prescribing rates at 11-13%. Northwest and
Other region had around 5 standardized 30-day claims
per 1,000 versus 4 for the others. The total claim rates
significantly decreased over the seven years (4.6 to 4.1,
»<0.0001). Prescriber and claim rates were stable for all
regions. Regional prescribing and claim rates for APs are
in Tables 6 and 7, respectively.

Benzodiazepines

Table 1 shows rates of BZRA use in Medicare beneficiar-
ies. The overall rate of BZRA use declined from 2013 to
2019 with 25.6% using at least one in 2013 and 17.5% in
2019 (p<0.0001). Alprazolam, lorazepam, and zolpi-
dem each had over one million beneficiaries each year
and were the top BZRAs used. However, the standard-
ized 30-day claims per 1,000,000 for alprazolam (5,934.7
in 2013 to 4775.0 in 2019) AND lorazepam slightly
decreased (5,087.5 in 2013 to 3526.5 in 2019), and zolpi-
dem use was halved (6,295.6 in 2013 to 3107.4 in 2019).
Overall, the proportion of standardized claims for BZRAs
have decreased from 24,766.4 to 17,024.1 (p <0.0001).

Overall, aggregate costs for BZRAs decreased. Total
overall costs per $1,000,000 decreased from $6,866 in
2013 to $2772 in 2019 (p <0.0001). Eszopiclone and zolpi-
dem had the largest decrease in costs per $1,000,000.
Chlordiazepoxide and clorazepate more than doubled in
costs per $1,000,000 from 2013 to 2017, although their
costs remained low. Table 3 contains other costs for
BZRAs.

The percentage of providers who prescribed a
BZRA decreased from 24.5% in 2013 to 20.5% in 2019
(p<0.0001). Sleep medicine, psychiatrists, and general
practitioners were the top prescribers with 58.8-66.5%,
57.2-62.4%, and 44.2-51.7% of these providers pre-
scribing BZR As, respectively. Other prescriber rates are
in Table 4. The number of standardized 30-day claims
from providers were stable overall across the seven-
year period at 23-25 million. Standardized 30-day
claims per 1,000 claims slightly decreased from 15.9 to
11.1 (p<0.0001). Psychiatrists had highest standard-
ized 30-day BZRA claims per 1,000 over the seven years,
ranging from 126.8 to 145.3. Table 5 shows standard-
ized BZRA claims per provider type. Claims per 1000
are reported at the provider level due to lower counts
compared to the overall counts because of suppression
of counts<11. The percent of BZRA prescribers having
all missing values for their standardized 30-day BZRA
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claims ranged from 21.4% to 22.8%. Other region had
about 30% of providers prescribing a BZRA and also had
over 20 standardized 30-day claims per 1,000 each year.
BZRA prescriber rates and standardized 30-day claims
per region are in Tables 6 and 7, respectively.

Sensitivity analyses of the above trend analyses using
logistic regression were all significant at p <0.0001 using
both the Wald test and likelihood ratio test.

Discussion
Overall, prescribers of all three drug classes decreased
or remained stable over all seven years in each specialty
except for mid-level practitioners and alternative medi-
cine practitioners, for whom increasing numbers of pro-
viders wrote prescriptions for the three classes. Likewise,
standardized 30-day claims for all drug classes per spe-
cialty decreased or remained stable except alternative
medicine with BZRAs and sleep medicine and mid-level
practitioners with APs. Regionally, prescriber rates of all
three drug classes decreased or remained stable with the
exception of Other region with increasing prescribing
of APs. Similarly, standardized 30-day claims per 1,000
were decreasing or stable across regions except the other
region with BZRAs.

The overall prevalence of PPI prescriptions across all
seven years was around 30%. This is slightly higher than
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the 27% prevalence found among older adults residing
in nursing homes in 2004 [35]. Being a Medicare benefi-
ciary was one of the significant predictors of inappropri-
ate PPI use among the nursing home residents [15] and
this higher prevalence of PPI prescriptions is possibly
due to the implementation of Medicare Part D, offering
increased access to these medications. One time-trend
analysis of pharmacy claims data found a 37% increase
in PPI prescriptions among seniors after Medicare Part
D was implemented [36]. This may be due to seniors
switching from over-the-counter to prescription PPIs
[36]. PPI prescriptions did not increase among dual eli-
gible beneficiaries after the implementation of Medicare
Part D even though the copayments decreased [37].
Although total number of PPI claims have increased
from 2013 to 2019, the total cost of PPIs has decreased.
The contributing factors for this decrease may be the first
generic version of esomeprazole being approved in early
2015 [38] and over-the-counter esomeprazole becom-
ing available in 2014 [39]. The aggregate cost of esome-
prazole has decreased by almost $1.5 billion from 2015
to 2019. In 2013, esomeprazole was the second top sell-
ing drug in Medicare Part D claims for beneficiaries over
65 years with $1.833 billion in aggregate costs. In 2015,
it was the eighth top drug with $1.429 billion in aggre-
gate costs and fell out of the top 10 in 2016, although the

Table 6 Number of prescribers who prescribed a PPI, benzodiazepine, or antipsychotic each year in each region*?

Region 2013 2014 2015 2016 2017 2018 2019
PPI
Northeast 59,325 (25.2%) 60,795 (25.5%) 61,680 (25.2%) 62,623 (25.0%) 63,275 (24.8%) 63,556 (24.4%) 64,328 (24.2%)
Midwest 63,686 (27.7%) 65,767 (27.9%) 67,596 (28.0%) 68,715 (27.7%) 70,017 (27.4%) 70,679 (27.0%) 71,882 (26.8%)
South 99,871 (28.7%) 103,081 (28.8%) 105,643 (28.6%) 107,149 (28.1%) 109,733 (27.9%) 110,784 (27.0%) 112,586 (26.5%)
West 59,878 (26.7%) 61,714 (27.0%) 63,529 (27.0%) 64,371 (26.7%) 64,741 (26.1%) 65,071 (24.9%) 65,841 (24.3%)
Other 4277 (37.6%) 4325 (37.8%) 4237 (38.1%) 4108 (37.5%) 4022 (36.9%) 3954 (36.0%) 3977 (36.0%)
Total 287,037 (27.3%) 295,682 (27.6%) 302,685 (27.5%) 306,966 (27.1%) 311,788 (26.8%) 314,044 (26.1%) 318,614 (25.7%)
Benzodiazepines
Northeast 55,291 (23.5%) 55,371 (23.2%) 55,223 (22.6%) 55,083 (22.0%) 54,504 (21.4%) 54,048 (20.8%) 53,801 (20.3%)
Midwest 55,561 (24.1%) 91 (23.8%) 56,673 (23.5%) 56,689 (22.8%) 56,330 (22.1%) 55,690 (21.3%) 55,224 (20.6%)
South 87,076 (25.0%) 88,249 (24.6%) 88,871 (24,1 %) 88,843 (23.3%) 90,015 (22. 9%) 89,487 (21.8%) 89,347 (21.0%)
West 55,580 (24.8%) 56,050 (24.5%) 2 (23.8%) 55,833 (23.1%) 55,465 (22.4%) 54,258 (20.8%) 52,835 (19.5%)
Other 3687 (32.4%) 3639 (31.8%) 3490 (3 4%) 3413 (31.2%) 3418 (31.4%) 3392 (30.9%) 3276 (29.7%)
Total 257,195 (24.5%) 259,500 (24.2%) 260,389 (23.6%) 259,861 (23.0%) 259,732 (22.3%) 256,875 (21.3%) 254,483 (20.5%)
Antipsychotics
Northeast 29,495 (12.5%) 29,931 (12.5%) 29,847 (12.2%) 31,116 (12.4%) 31,536 (12.4%) 31,780 (12.2%) 31,807 (12.0%)
Midwest 30,866 (13.4%) 31,280 (13.3%) 31,470 (13.0%) 32,633 (13.1%) 33,133 (13.0%) 33,567 (12.8%) 33,767 (12.6%)
South 45,246 (13.0%) 46,548 (13.0%) 47,062 (12.7%) 49,002 (12. 9%) 49,929 (12.7%) 50,922 (12.4%) 52,085 (12.3%)
West 28,609 (12.8%) 29,342 (12.8%) 29,364 (12.5%) 30,625 (12.7%) 30,735 (12.4%) 31,086 (11.9%) 31,568 (11.7%)
Other 1832 (16.1%) 1891 (16.5%) 1893 (17.0%) 1869 (17.1%) 1879 (17.3%) 1886 (17.2%) 1818 (16.5%)
Total 136,048 (13.0%) 138,992 (13.0%) 139,636 (12.7%) 145,245 (12.8%) 147,212 (12.7%) 149,241 (12.4%) 151,045 (12.2%)

2 Percentage of all providers who prescribed a PPI, benzodiazepine, or antipsychotic in parentheses °Denominators are not shown because they are specific to year

and region
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Table 7 Number of standardized 30-day fills of PPIs, benzodiazepines, or antipsychotics for patients over 65 years per region®?
Region 2013 2014 2015 2016 2017 2018 2019
PPI
Northeast 8,768,992 (304) 9,465,198 (31.1) 9,795,065 (30.8) 10,081,212 (29.8) 10,273,812(29.2) 10,501,229 (283) 10,853,244 (27.9)
Midwest 10,254,207 (29.6) 11,256,768 (30.6) 11,902,161 (30.9) 12,323,442 (304) 12,646,944 (29.8) 12,943,790 (29.1) 13,432,506 (29.0)
South 18,493,221 (33.3) 20,284,181 (34.0) 21,046,315 (33.4) 21,541,143 (32.1) 22,263,931 (314) 22,743,638 (30.3) 23,655,972 (29.9)
West 7,765,420 (26.4) 8,271,129 (26.5) 8,574,494 (26.2) 8,682,084 (25.1) 8,595,189 (23.7) 8,579,843 (22.4) 8,748,059 (21.8)
Other 586,668 (27.8) 656,261 (28.7) 732,514 (30.1) 734,257 (29.1) 705,684 (26.9) 724,319 (26.0) 795,003 (26.3)
Total 45,868,508 (30.4) 49,933,537 (31.1) 52,050,549 (30.9) 53,362,138 (29.9) 54,485,559 (29.0) 55492,818 (28.1) 57,484,783 (27.7)
Benzodiazepines
Northeast 3,969,607 (13.7) 4,089,129 (13.5) 4,105,101 (12.9) 4,203,292 (12.4) 4,170,618 (11.8) 4,207,875 (11.4) 4,196,429 (10.8)
Midwest 4,743,611 (13.7) 4,994,795 (13.6) 5,069,499 (13.2) 5,051,528 (12.4) 4,955,922 (11.7) 4,791,099 (10.8) 4,551,203 (9.8)
South 10,881,430(19.6) 11,417,185(19.1) 11,308,658.5(17.9) 11,235,543 (16.8) 11,154,306 (15.7) 10,763,750 (14.3) 10,146,007 (12.8)
West 3,936,237 (134)  4,048233(13.0) 3,943,805 (12.1) 3,870,739 (11.2) 3,780,459 (10.4) 3,665,271 (9.6) 3,464,867 (8.6)
Other 500,045 (23.7) 557,438 (24.4) 586,362 (24.1) 633,898 (25.1) 677,208 (25.9) 720,428 (25.9) 719,259 (23.8)
Total 24,030,931 (15.9) 25,106,780 (15.7) 25,013,425 (14.8) 24,995,000 (14.0) 24,738511(13.2) 24,148,423 (12.2) 23,077,765 (11.1)
Antipsychotics
Northeast 1,593,013 (5.5) 1,621,897 (5.3) 1,606,992 (5.1) 1,702,868 (5.0) 1,737,370 (4.9) 1,819,882 (4.9) 1,868,958 (4.8)
Midwest 1,610,290 (4.6) 1,649,822 (4.5) 1,622,308 (4.2) 1,727,398 (4.3) 1,781,193 (4.2) 1,863,025 (4.2) 1,914,522 (4.1)
South 2,455,290 (4.4) 2,567,727 (4.3) 2,532,400 (4.0) 2,685,679 (4.0) 2,837,491 (4.0) 2,985,785 (4.0) 3,105,362 (3.9)
West 1,159,470 (3.9) 1,213,165 (3.9) 1,214,101 3.7) 1,314,064 (3.8) 1,374,306 (3.8) 1,462,838 (3.8) 1,532,942 (3.8)
Other 101,605 (4.8) 120,107 (5.3) 125,841 (5.2) 134,294 (5.3) 135,319 (5.2) 145,227 (5.2) 157,368 (5.2)
Total 6,919,668 (4.6) 7,172,717 (4.5) 7,101,642 (4.2) 7,564,302 (4.2) 7,865,678 (4.2) 8,276,758 (4.2) 8,579,151 (4.1)

2 Number of standardized 30-day PP, benzodiazepine, or antipsychotic fills per 1000 standardized 30-day fills for patients over 65 years in parentheses bDenominators

are not shown because they are specific to year and region

decrease in number of claims may also contribute to this
decrease in costs. Dexlansoprazole claims have slightly
increased, and its costs have doubled from 2013 to 2019.
Generic dexlansoprazole 60 mg was not approved until
2017 [40]. Pantoprazole claims have nearly doubled,
and with that, costs have increased. This may be due to
pantoprazole being one of the preferred PPIs to use in
patients on clopidogrel because it is less likely to inhibit
CYP2C19, which metabolizes clopidogrel into its active
form [41].

Over 90% of gastroenterologists have prescribed a PPI
to patients over 65 years from 2013—-19. Gastroenterolo-
gists also out-prescribed PPIs almost ten times the rate
of other specialties. Although the number of PPI pre-
scriptions from general practitioners has increased, the
number of PPI claims per 1,000 has remained steady.
Specialists slightly decreased their number of PPI pre-
scriptions and had a decreased number of providers
prescribing a PPI. This is similar to the increased PPI pre-
scriptions found among family practice prescribers and
gastroenterologists and the decrease among otolarynolo-
gists from 2013-16 [42].

Alprazolam, lorazepam, and zolpidem were the most
used BZRAs among beneficiaries. However, while
alprazolam use and claims remained stable, lorazepam

and zolpidem users and standardized 30-day claims
decreased. Psychiatrists were one of the top prescribers
of BZRAs at around 60%, and overall provider prescrib-
ing rate was under 25%. However, another study using
2016 Medicare Part D data found over 80% of psychia-
trists prescribed a BZRA, and 26% of all providers pre-
scribed a BZRA [43]. This difference between results
may be due to our limiting analysis to beneficiaries
65 years and older. This is supported by a study that
found adults between 65 and 80 years who were using
BZRAs were less likely to get it from a psychiatrist
compared to other age groups [29]. Determining and
targeting top alprazolam prescribers could be the next
step for deprescribing BZRAs in adults over 65 years.
The sharp decrease in zolpidem standardized 30-day
claims from 2014 could be due to its addition to the
2012 Beers Criteria and implementation of increased
utilization management for prescriptions [44]. The
proportion of patients receiving a z-sleep drug (eszo-
piclone or zolpidem) was higher in this study com-
pared to 1.5% rate found in a Federally Qualified Health
Center from 2016-17 [45]. Although some generic ver-
sions of generic eszopiclone were approved in 2011, the
sharp decrease in aggregate costs for eszopiclone since
2014 could possibly be explained by the majority being
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approved in 2013 and later [39]. Sleep medicine physi-
cians were also among the top prescribers for BZRAs.
This could be a potential group to target for deprescrib-
ing efforts.

The decrease in costs for APs is probably driven by
aripiprazole going generic in 2015 [46] and quetiapine
extended release going off patent in 2017 [47]. In 2006
aggregate costs for antipsychotics were nearly $700 mil-
lion for Medicare beneficiaries [48].

The high prevalence of PPIs prescriptions indicates an
opportunity to introduce deprescribing protocol as part
of daily practice. Physician specialties that prescribe
more PPIs, APs and BZRAs may be potentially targeted
for deprescribing interventions. Several studies have
looked at the effectiveness of deprescribing implementa-
tion techniques in different settings. Avraham et al. estab-
lished and implemented a tapering protocol to mitigate
overuse of PPIs in Nursing Homes and found that 90% of
the selected residents achieved cessation [49]. Odenthal
et al. carried out an intervention in order to improve
the rate of discontinuation of PPIs in primary care set-
ting [50]. The study resulted in the intervention having a
higher successful rate of deprescribing of PPIs than other
previous studies in primary care setting [50]. This study
shows that a combination of pharmacist patient educa-
tion, written tapering schedule, symptom action plan and
follow up with the help of appropriate guidelines can lead
to successful deprescribing of medications [50]. Yet, it is
unclear whether such deprescribing interventions lead to
better clinical outcomes [51].

Similarly, deprescribing interventions have been
developed for anti-psychotics and benzodiazepines.
Pottie and colleagues developed an evidence-based
guideline for safely tapering and stopping the use of
BZRAs [4]. This guideline recommends older adults
who receive benzodiazepine should be offered depre-
scribing [4]. The deprescribing methodology recom-
mended is a patient-centered, stepped down approach
including a gradual dose reduction which is an integral
part in the management of benzodiazepine use disorder
[4]. Conn et al. recommends that older adults should
be prescribed benzodiazepines only after patient edu-
cation which includes knowledge about alternatives,
benefits and risks related to their use [52]. Several inter-
ventions have been carried out for successfully discon-
tinuing long-term use of benzodiazepine. Vicens and
colleagues carried out interventions in primary care
to enable patients to reduce or discontinue long-term
benzodiazepine use. The intervention included either
usual care, usual care with follow-up visits and usual
care followed by written instructions [53]. Both follow-
up interventions saw 45% of patients discontinue ben-
zodiazepine suggesting a structured intervention with
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written gradual dose reduction can be effective in pri-
mary care [53]. Tannenbaum and colleagues carried out
direct patient education to reduce inappropriate ben-
zodiazepine prescriptions among older users [54]. The
study resulted in 62% to initiate a conversation about
benzodiazepine reduction with either a general prac-
titioner and/or a pharmacist leading to 27% of partici-
pants to discontinue unnecessary benzodiazepines post
intervention suggesting patient education can improve
decision making regarding the inappropriate overuse of
medications [54].

Farrell et al. recommends deprescribing antipsy-
chotics for adults with behavioral and psychological
symptoms of dementia [3]. Pan et al. carried out a sys-
tematic review and meta-analysis of randomized con-
trolled studies for discontinuation of anti-psychotics in
patients with dementia comparing severity and change
of behavioral and psychological symptoms [55]. The
meta-analysis showed that the group which discontin-
ued antipsychotic use were not statistically significant
in behavioral and psychological symptoms however,
they showed lower mortality and higher early study
termination rates during follow-up [55]. Education of
antipsychotics for both healthcare professionals and
patients may improve the discontinuation practice.
Different interventions highlight the need for training
and patient education about medication effectiveness
and safety to enable older patients to initiate depre-
scribing of potentially inappropriate medications or
prescriptions.

Limitations

There are some limitations to the current work. First,
some PPIs are available over the counter, which are not
captured in these datasets. Thus, it is possible that the
prevalence of PPI use is underestimated. Second, there
is a possibility that beneficiaries received more than one
type of drug in each class in a year and are therefore dou-
ble counted. Duplication of drugs from same class is not
common, and thus, we think that the prevalence of use
of these medication classes may only be slightly overes-
timated. Third, beneficiaries could have received one or
more drug prescriptions from multiple providers, which
would also overestimate the prevalence of use. Fourth, if
the beneficiary count is less than 11 for an observation,
then the beneficiary count is removed from the dataset
to protect patient data. Therefore, the total beneficiary
count may be underestimated.

This was a descriptive exploratory study on three
medication classes potentially used inappropriately in
the geriatric Medicare population using publicly avail-
able datasets. These results are generalizable to the older
adult Medicare Part D population, but they may not be
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an accurate reflection of US older adults who do not have
Medicare Part D. Future work should focus on a more
thorough analysis of these prescribing and cost trends
using the Part D and Medicare data, allowing for more
accurate estimation of beneficiaries using each class,
and adjusting for important confounders. The data-
set used in this study does not contain information on
indication, and therefore, multiple appropriate uses for
the three classes studied could not be captured. In addi-
tion, the dataset did not have any information on clinical
outcomes. Outcomes associated with use of these drug
classes can also be investigated with Medicare and Part
D data, adding to the existing literature to identify areas
to focus on dissemination and implementation of depre-
scribing interventions.

Conclusion

This was a descriptive study on the general prevalence
of prescriptions considered potentially inappropriate
in the older adult Medicare population. About 30% of
all Medicare Part D beneficiaries over 65 years of age
used a PPI each year from 2013-19, costing an aver-
age of $2.4 billion each year. BZRAs users decreased
from 25.6% to 17.5% from 2013-19, but costs only
decreased a little over $100 million averaging $410
million per year. AP users were relatively stable at just
over 4% of Medicare Part D beneficiaries from 2013—
19, and costs decreased by more than 50% averaging
$877 million each year. Despite the increase in number
of PPI and AP claims, the cost of both have decreased
over the years studied. The study also indicated nota-
ble differences in specialist prescribing and regional
differences that may be targeted for dissemination and
implementation of interventions for deprescribing of
BZRAs and APs.

Abbreviations
AP: Antipsychotic; BZRA: Benzodiazepine receptor agonist; PPI: Proton pump
inhibitor.

Acknowledgements
Not applicable.

Authors’ contributions

JMT analyzed and interpreted the data and drafted the manuscript. SJ drafted
the manuscript. HMH revised the manuscript. MS interpreted results and
revised the manuscript. All authors read and approved the final manuscript.

Funding
There was no funding for this study.

Availability of data and materials

The datasets used for this study are publicly available from Centers for Medi-
care & Medicaid Services at https://www.cms.gov/Research-Statistics-Data-
and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/
Part-D-Prescriber.

Page 13 of 15

Declarations

Ethics approval and consent to participate
Not applicable. This study has been determined as exempt by the University
of Mississippi Institution Review Board.

Consent for publication
Not applicable.

Competing interests

HMH is funded by Healthcare Services Corporation, a foundation of Blue Cross/
Blue Shield, for a study of deprescribing. There is no relationship between the
funding and this manuscript under consideration. MS is funded by Handa Oncol-
ogy, for a study of drug-drug interactions. There is no relationship between the
funding and this manuscript under consideration. JMT was formerly a consultant
for Takeda Pharmaceutical Company, which is unrelated to this study.

Author details

"Department of Pharmacy Administration, The University of Mississippi,
University, MS 38677, USA. 2Division of Geriatric and Palliative Medicine,
McGovern Medical School, The University of Texas Health Science Center,
Houston, TX, USA.

Received: 4 January 2022 Accepted: 22 March 2022
Published online: 09 April 2022

References

1. American Geriatrics Society 2019 Updated AGS Beers Criteria® for Poten-
tially Inappropriate Medication Use in Older Adults. J Am Geriatr Soc.
201967(4):674-94. https://doi.org/10.1111/jgs.15767.

2. Farrell B, Pottie K, Thompson W, et al. Deprescribing proton pump
inhibitors: Evidence-based clinical practice guideline. Can Fam Physician.
2017,63(5):354-64.

3. Bjerre LM, Farrell B, Hogel M, et al. Deprescribing antipsychotics for
behavioural and psychological symptoms of dementia and insom-
nia: evidence-based clinical practice guideline. Can Fam Physician.
2018,64(1):17-27.

4. Pottie K, Thompson W, Davies S, et al. Deprescribing benzodiazepine
receptor agonists: Evidence-based clinical practice guideline. Can Fam
Physician. 2018;64(5):339-51.

5. ScottIA, Hilmer SN, Reeve E, et al. Reducing inappropriate polypharmacy:
the process of deprescribing. JAMA Intern Med. 2015;175(5):827-34.
https://doi.org/10.1001/jamainternmed.2015.0324.

6. KannoT, Moayyedi P. Proton pump inhibitors in the elderly, balancing risk
and benefit: an age-old problem. Curr Gastroenterol Rep. 2019;21(12):65.
https://doi.org/10.1007/511894-019-0732-3.

7. Yunusa |, Alsumali A, Garba AE, Regestein QR, Equale T. Assessment of
reported comparative effectiveness and safety of atypical antipsychotics
in the treatment of behavioral and psychological symptoms of dementia.
JAMA Netw Open. 2019;2(3): €190828. https://doi.org/10.1001/jaman
etworkopen.2019.0828.

8. Zarowitz BJ, Allen C, O'Shea T, Strauss ME. Risk factors, clinical char-
acteristics, and treatment differences between residents with and
without nursing home- and non-nursing home-acquired clostridium
difficile infection. J Manag Care Spec Pharm. 2015;21(7):585-95.
https://doi.org/10.18553/jmcp.2015.21.7.585.

9. Zacharioudakis IM, Zervou FN, Shehadeh F, Mylona EK, Mylonakis E.
Association of community factors with hospital-onset Clostridioides
(Clostridium) difficile infection: a population based U.S.-wide study. EClini-
calMedicine. 2019;8:12-9. https://doi.org/10.1016/j.eclinm.2019.02.001.

10 Emeny RT, Chang CH, Skinner J, et al. Association of receiving multiple,
concurrent fracture-associated drugs with hip fracture risk. JAMA Netw
Open. 2019;2(11):21915348. https://doi.org/10.1001/jamanetworkopen.
2019.15348.

11. Munson JC, Bynum JP, Bell JE, et al. Impact of prescription drugs on
second fragility fractures among US medicare patients. Osteoporos Int J
Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found USA.
2018;29(12):2771-9. https://doi.org/10.1007/500198-018-4697-0.


https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Part-D-Prescriber
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Part-D-Prescriber
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Part-D-Prescriber
https://doi.org/10.1111/jgs.15767
https://doi.org/10.1001/jamainternmed.2015.0324
https://doi.org/10.1007/s11894-019-0732-3
https://doi.org/10.1001/jamanetworkopen.2019.0828
https://doi.org/10.1001/jamanetworkopen.2019.0828
https://doi.org/10.18553/jmcp.2015.21.7.585
https://doi.org/10.1016/j.eclinm.2019.02.001
https://doi.org/10.1001/jamanetworkopen.2019.15348
https://doi.org/10.1001/jamanetworkopen.2019.15348
https://doi.org/10.1007/s00198-018-4697-0

Toth et al. BMC Geriatrics

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

(2022) 22:306

Ding J, Heller DA, Ahern FM, Brown TV. The relationship between proton
pump inhibitor adherence and fracture risk in the elderly. Calcif Tissue Int.
2014;94(6):597-607. https://doi.org/10.1007/500223-014-9855-6.

Stockl KM, Le L, Zakharyan A, et al. Risk of rehospitalization for patients
using clopidogrel with a proton pump inhibitor. Arch Intern Med.
2010;170(8):704-10. https://doi.org/10.1001/archinternmed.2010.34.

Lee SW, Ha EK, Yeniova AQ, et al. Severe clinical outcomes of COVID-19
associated with proton pump inhibitors: a nationwide cohort study with
propensity score matching. Gut. 2021;70(1):76-84. https://doi.org/10.1136/
gutjnl-2020-322248.

. Schubert ML. Proton pump inhibitors: misconceptions and proper

prescribing practice. Curr Opin Gastroenterol. 2020;36(6):493-500.
https://doi.org/10.1097/MOG.0000000000000676.

Abraham NS, Castillo DL, Hartman C. National mortality following upper
gastrointestinal or cardiovascular events in older veterans with recent
nonsteroidal anti-inflammatory drug use. Aliment Pharmacol Ther.
2008;28(1):97-106. https://doi.org/10.1111/j.1365-2036.2008.03706.x.

. Abraham NS, Hartman C, Hasche J. Reduced hospitalization cost for

upper gastrointestinal events that occur among elderly veterans who
are gastroprotected. Clin Gastroenterol Hepatol. 2010;8(4):350-6.
https://doi.org/10.1016/j.cgh.2010.01.002.

Ray WA, Chung CP, Murray KT, et al. Association of oral anticoagulants and
proton-pump-inhibitor co-therapy with hospitalization for upper gastro-
intestinal bleeding. JAMA. 2018;320(21):2221-30. https://doi.org/10.1001/
jama.2018.17242.

. Ray WA, Chung CP, Murray KT, et al. Association of proton pump

inhibitors with reduced risk of warfarin-related serious upper gas-
trointestinal bleeding. Gastroenterology. 2016;151(6):1105-1112.e10.
https://doi.org/10.1053/j.gastro.2016.08.054.

Steinberg M, Lyketsos CG. Atypical antipsychotic use in patients with
dementia: managing safety concerns. Am J Psychiatry. 2012;169(9):900-6.
https://doi.org/10.1176/appi.ajp.2012.12030342.

Neufeld KJ, Yue J, Robinson TN, Inouye SK, Needham DM. Antipsychot-
ics for prevention and treatment of delirium in hospitalized adults: a
systematic review and meta-analysis. J Am Geriatr Soc. 2016;64(4):705-14.
https://doi.org/10.1111/jgs.14076.

Seppala LJ, Wermelink AMAT, de Vries M, et al. Fall-risk-increasing drugs:

a systematic review and meta-analysis: II. Psychotropics J Am Med Dir
Assoc. 2018;19(4):371.e11-371.e17. https://doi.org/10.1016/jjamda.2017.
12.098.

Markota M, Rummans TA, Bostwick JM, Lapid MI. Benzodiazepine use in
older adults: dangers, management, and alternative therapies. Mayo Clin
Proc. 2016;91(11):1632-9. https://doi.org/10.1016/j.mayocp.2016.07.024.
Gawron AJ, Feinglass J, Pandolfino JE, Tan BK, Bove MJ, Shintani-
Smith S. Brand Name and Generic Proton Pump Inhibitor Prescrip-
tions in the United States: Insights from the National Ambulatory
Medical Care Survey (2006-2010). Gastroenterol Res Pract. 2015;2015.
Article ID 689531, 7 pages. https://doi.org/10.1155/2015/689531
Pham CQ, Regal RE, Bostwick TR, Knauf KS. Acid suppressive therapy use
on an inpatient internal medicine service. Ann Pharmacother. 2006;40(7—
8):1261-6. https://doi.org/10.1345/aph.1G703.

Leri F, Ayzenberg M, Voyce SJ, Klein A, Hartz L, Smego RA. Four-year trends
of inappropriate proton pump inhibitor use after hospital discharge.
South Med J. 2013;106(4):270-3. https://doi.org/10.1097/SMJ.0b013
€31828db01f.

Thomas L, Culley EJ, Gladowski P, Goff V, Fong J, Marche SM. Longitudinal
analysis of the costs associated with inpatient initiation and subsequent
outpatient continuation of proton pump inhibitor therapy for stress ulcer
prophylaxis in a large managed care organization. J Manag Care Pharm.
2010;16(2):122-9. https://doi.org/10.18553/jmcp.2010.16.2.122.

Lind KE, Raban MZ, Georgiou A, Westbrook JI. Duration of antipsychotic
medication use by aged care facility residents with dementia. Alzheimer
Dis Assoc Disord. 2019;33(4):331-8. https://doi.org/10.1097/WAD.00000
00000000336.

Olfson M, King M, Schoenbaum M. Benzodiazepine use in the United
States. JAMA Psychiat. 2015;72(2):136-42.

Neutel Cl, Skurtveit S, Berg C. What is the point of guidelines? Benzo-
diazepine and z-hypnotic use by an elderly population. Sleep Med.
2012;13(7):893-7. https://doi.org/10.1016/j.sleep.2011.12.014.

Medicare Provider Utilization and Payment Data: Part D Prescriber |

CMS. Updated December 1, 2021. https://www.cms.gov/Research-Stati

32.

33

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

Page 14 of 15

stics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-
Charge-Data/Part-D-Prescriber. Accessed 4 Apr 2022.

The Centers for Medicare & Medicaid Services, Office of Enterprise
Data and Analytics. Medicare Fee-For Service Provider Utilization &
Payment Data Part D Prescriber Public Use File: A Methodological
Overview. Published online November 6, 2020. https://www.cms.gov/
Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/
Medicare-Provider-Charge-Data/Downloads/Prescriber_Methods.pdf.
Accessed 4 Mar 2022.

Medicare Part D Prescribers - by Provider and Drug Data Dictionary -
Centers for Medicare & Medicaid Services Data. Updated August 25, 2021.
https://data.cms.gov/resources/medicare-part-d-prescribers-by-provider-
and-drug-data-dictionary. Accessed 4 Mar 2022.

US Census Bureau. 2010 Census Regions and Divisions of the United
States. Census.gov. Updated October 8, 2021. https://www.census.gov/
geographies/reference-maps/2010/geo/2010-census-regions-and-divis
ions-of-the-united-states.html. Accessed 4 Mar 2022.

Rane PP, Guha S, Chatterjee S, Aparasu RR. Prevalence and predictors of
non-evidence based proton pump inhibitor use among elderly nursing
home residents in the US. Res Soc Adm Pharm. 2017;13(2):358-63.
https://doi.org/10.1016/j.sapharm.2016.02.012.

Schneeweiss S, Patrick AR, Pedan A, et al. The effect of medicare part
d coverage on drug use and cost sharing among seniors without
prior drug benefits. Health Aff Proj Hope. 2009;28(2):w305-16.
https://doi.org/10.1377/hlthaff.28.2.w305.

Shrank WH, Patrick AR, Pedan A, et al. The effect of transitioning to
medicare part d drug coverage in seniors dually eligible for medicare and
medicaid. J Am Geriatr Soc. 2008;56(12):2304-10. https://doi.org/10.1111/.
1532-5415.2008.02025.x.

Gray N.Teva wins big as FDA approves its generic Nexium. BioPharma Dive.
Published January 27, 2015. Accessed July 16, 2020. https://www.bioph
armadive.com/news/teva-wins-big-as-fda-approves-its-generic-nexium/
357098/

New Drug Application (NDA): 204655. Drugs@FDA: FDA-Approved
Drugs. https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?
event=overview.process&AppINo=204655. Accessed 17 Feb 2021.
2017 First Generic Drug Approvals. FDA. Updated February 20, 2018.
https://www.fda.gov/drugs/first-generic-drug-approvals/2017-first-gener
ic-drug-approvals. Accessed 16 July 2020.

. Strand DS, Kim D, Peura DA. 25 Years of proton pump inhibitors: a com-

prehensive review. Gut Liver. 2017;11(1):27-37. https://doi.org/10.5009/
gnl15502.

Luetzenberg FS, Jiang N. Practice patterns of reflux medication prescrip-
tions in otolaryngology compared to other specialties. Laryngoscope.
2020;130(2):321-7. https://doi.org/10.1002/lary.27916.

Pan K, Silver S, Davis C, Pan K, Silver S, Davis C. Analysis of psychiatrists’
prescription of opioid, benzodiazepine, and buprenorphine in Medicare
Part D in the United States. Trends Psychiatry Psychother. 2020;42(1):48—-
54. https://doi.org/10.1590/2237-6089-2019-0015.

Campanelli CM. American geriatrics society updated beers criteria for
potentially inappropriate medication use in older adults. J Am Geriatr
Soc. 2012;60(4):616-31. https://doi.org/10.1111/j.1532-5415.2012.03923 x.
Gray E, Bradley B. Evaluation of the prescribing practices of nonbenzodi-
azepine, benzodiazepine receptor agonist hypnotics in adults at a feder-
ally qualified health center. J Am Pharm Assoc (2003). 2019;59(45):5146—
50. https://doi.org/10.1016/j.japh.2019.05.006.

FDA approves first generic Abilify. Formulary Watch. 2015. https://www.
formularywatch.com/view/fda-approves-first-generic-abilify. Accessed 19
Feb 2021.

Intellipharmaceutics International Inc. Intellipharmaceutics Announces
FDA Tentative Approval for Generic Seroquel XR®. GlobeNewswire News
Room. Published October 7, 2016. http://www.globenewswire.com/news-
release/2016/10/07/878050/0/en/Intellipharmaceutics-Announces-FDA-
Tentative-Approval-for-Generic-Seroquel-XR.html. Accessed 19 Feb 2021.
Chen H, Nwangwu A, Aparasu R, Essien E, Sun S, Lee K. The impact of
medicare part d on psychotropic utilization and financial burden for
community-based seniors. Psychiatr Serv. 2008;59(10):1191-7. https://doi.
org/10.1176/ps.2008.59.10.1191.

Avraham O, Biglow M. Implementation of proton pump inhibitor
deprescription protocol in geriatric residents. Ann Pharmacother.
2018;52(8):747-53. https://doi.org/10.1177/1060028018759747.


https://doi.org/10.1007/s00223-014-9855-6
https://doi.org/10.1001/archinternmed.2010.34
https://doi.org/10.1136/gutjnl-2020-322248
https://doi.org/10.1136/gutjnl-2020-322248
https://doi.org/10.1097/MOG.0000000000000676
https://doi.org/10.1111/j.1365-2036.2008.03706.x
https://doi.org/10.1016/j.cgh.2010.01.002
https://doi.org/10.1001/jama.2018.17242
https://doi.org/10.1001/jama.2018.17242
https://doi.org/10.1053/j.gastro.2016.08.054
https://doi.org/10.1176/appi.ajp.2012.12030342
https://doi.org/10.1111/jgs.14076
https://doi.org/10.1016/j.jamda.2017.12.098
https://doi.org/10.1016/j.jamda.2017.12.098
https://doi.org/10.1016/j.mayocp.2016.07.024
https://doi.org/10.1155/2015/689531
https://doi.org/10.1345/aph.1G703
https://doi.org/10.1097/SMJ.0b013e31828db01f
https://doi.org/10.1097/SMJ.0b013e31828db01f
https://doi.org/10.18553/jmcp.2010.16.2.122
https://doi.org/10.1097/WAD.0000000000000336
https://doi.org/10.1097/WAD.0000000000000336
https://doi.org/10.1016/j.sleep.2011.12.014
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Part-D-Prescriber
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Part-D-Prescriber
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Part-D-Prescriber
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Downloads/Prescriber_Methods.pdf
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Downloads/Prescriber_Methods.pdf
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Medicare-Provider-Charge-Data/Downloads/Prescriber_Methods.pdf
https://data.cms.gov/resources/medicare-part-d-prescribers-by-provider-and-drug-data-dictionary
https://data.cms.gov/resources/medicare-part-d-prescribers-by-provider-and-drug-data-dictionary
https://www.census.gov/geographies/reference-maps/2010/geo/2010-census-regions-and-divisions-of-the-united-states.html
https://www.census.gov/geographies/reference-maps/2010/geo/2010-census-regions-and-divisions-of-the-united-states.html
https://www.census.gov/geographies/reference-maps/2010/geo/2010-census-regions-and-divisions-of-the-united-states.html
https://doi.org/10.1016/j.sapharm.2016.02.012
https://doi.org/10.1377/hlthaff.28.2.w305
https://doi.org/10.1111/j.1532-5415.2008.02025.x
https://doi.org/10.1111/j.1532-5415.2008.02025.x
https://www.biopharmadive.com/news/teva-wins-big-as-fda-approves-its-generic-nexium/357098/
https://www.biopharmadive.com/news/teva-wins-big-as-fda-approves-its-generic-nexium/357098/
https://www.biopharmadive.com/news/teva-wins-big-as-fda-approves-its-generic-nexium/357098/
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=204655
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=204655
https://www.fda.gov/drugs/first-generic-drug-approvals/2017-first-generic-drug-approvals
https://www.fda.gov/drugs/first-generic-drug-approvals/2017-first-generic-drug-approvals
https://doi.org/10.5009/gnl15502
https://doi.org/10.5009/gnl15502
https://doi.org/10.1002/lary.27916
https://doi.org/10.1590/2237-6089-2019-0015
https://doi.org/10.1111/j.1532-5415.2012.03923.x
https://doi.org/10.1016/j.japh.2019.05.006
https://www.formularywatch.com/view/fda-approves-first-generic-abilify
https://www.formularywatch.com/view/fda-approves-first-generic-abilify
http://www.globenewswire.com/news-release/2016/10/07/878050/0/en/Intellipharmaceutics-Announces-FDA-Tentative-Approval-for-Generic-Seroquel-XR.html
http://www.globenewswire.com/news-release/2016/10/07/878050/0/en/Intellipharmaceutics-Announces-FDA-Tentative-Approval-for-Generic-Seroquel-XR.html
http://www.globenewswire.com/news-release/2016/10/07/878050/0/en/Intellipharmaceutics-Announces-FDA-Tentative-Approval-for-Generic-Seroquel-XR.html
https://doi.org/10.1176/ps.2008.59.10.1191
https://doi.org/10.1176/ps.2008.59.10.1191
https://doi.org/10.1177/1060028018759747

Toth et al. BMC Geriatrics

50.

51

52.

53.

54.

55.

(2022) 22:306

Odenthal DR, Philbrick AM, Harris IM. Successful deprescribing of unnec-

essary proton pump inhibitors in a primary care clinic. J Am Pharm Assoc.

2020;60(1):100-4. https://doi.org/10.1016/}japh.2019.08.012.

Wilsdon TD, Hendrix I, Thynne TRJ, Mangoni AA. Effectiveness of
interventions to deprescribe inappropriate proton pump inhibitors in
older adults. Drugs Aging. 2017;34(4):265-87. https://doi.org/10.1007/
540266-017-0442-1.

Conn DK, Hogan DB, Amdam L, et al. Canadian guidelines on benzodi-
azepine receptor agonist use disorder among older adults. Can Geriatr J.
2020;23(1):116-22. https://doi.org/10.5770/cqj.23.419.

Vicens C, Bejarano F, Sempere E, et al. Comparative efficacy of two
interventions to discontinue long-term benzodiazepine use: cluster ran-
domised controlled trial in primary care. Br J Psychiatry. 2014;204(6):471-
9. https://doi.org/10.1192/bjp.bp.113.134650.

Tannenbaum C, Martin P, Tamblyn R, Benedetti A, Ahmed S. Reduction of
inappropriate benzodiazepine prescriptions among older adults through
direct patient education: The EMPOWER cluster randomized trial. JAMA
Intern Med. 2014;174(6):890. https://doi.org/10.1001/jamainternmed.
2014.949.

Pan YJ, Wu CS, Gau SSF, Chan HY, Banerjee S. Antipsychotic discontinua-
tion in patients with dementia: a systematic review and meta-analysis of
published randomized controlled Studies. Dement Geriatr Cogn Disord.
2014;37(3-4):125-40. https://doi.org/10.1159/000355418.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 15 of 15

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.japh.2019.08.012
https://doi.org/10.1007/s40266-017-0442-1
https://doi.org/10.1007/s40266-017-0442-1
https://doi.org/10.5770/cgj.23.419
https://doi.org/10.1192/bjp.bp.113.134650
https://doi.org/10.1001/jamainternmed.2014.949
https://doi.org/10.1001/jamainternmed.2014.949
https://doi.org/10.1159/000355418

	Prescribing trends of proton pump inhibitors, antipsychotics and benzodiazepines of medicare part d providers
	Recommended Citation

	Prescribing trends of proton pump inhibitors, antipsychotics and benzodiazepines of medicare part d providers
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Design
	Data sources
	Participants
	Variables
	Statistical analysis

	Results
	PPIs
	Antipsychotics
	Benzodiazepines

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


