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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.
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Introduction
The American Geriatrics Society Beers criteria includes 
proton pump inhibitors (PPIs), antipsychotics (APs) and 
benzodiazepines, including z-sleep aids, (BZRAs) as 
potentially inappropriate drug classes for older adults 
[1]. Deprescribing algorithms have been developed for 
PPIs, APs and BZRAs to guide safe discontinuation of 
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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 benefits, 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 

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 

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 



Page 4 of 15Toth et al. BMC Geriatrics          (2022) 22:306 

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 

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  2019a

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

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 226,986 (0.8%) 225,310 (0.7%) 232,998 (0.7%) 233,815 (0.7%) 223,256 (0.6%) 211,981 (0.6%) 201,243 (0.5%)

Esomeprazole 1,111,550 (3.9%) 1,061,160 (3.5%) 1,076,591 (3.3%) 916,632 (2.7%) 797,721 (2.3%) 688,701 (1.9%) 672,584 (1.7%)

Lansoprazole 387,702 (1.3%) 380,258 (1.2%) 364,983 (1.1%) 300,835 (0.9%) 244,572 (0.7%) 225,696 (0.6%) 230,987 (0.6%)

Omeprazole 5,108,489 (17.7%) 5,395,876 (17.6%) 5,599,523 (17.3%) 5,671,998 (16.7%) 5,588,075 (15.8%) 5,555,228 (15.0%) 5,649,420 (14.7%)

Pantoprazole 1,758,007 (6.1%) 2,146,790 (7.0%) 2,450,771 (7.6%) 2,738,089 (8.1%) 3,076,216 (8.7%) 3,407,091 (9.2%) 3,781,609 (9.8%)

Rabeprazole 75,443 (0.3%) 61,212 (0.2%) 54,968 (0.2%) 52,534 (0.2%) 49,292 (0.1%) 48,827 (0.1%) 50,459 (0.1%)

Totalb 8,668,177 (30.1%) 9,270,606 (30.2%) 9,779,834 (30.3%) 9,913,903 (29.3%) 9,979,132 (28.2%) 10,137,524 (27.4%) 10,586,302 (27.5%)

Benzodiazepines

 Alprazolam 1,786,661 (6.2%) 1,865,302 (6.1%) 1,980,676 (6.1%) 2,009,077 (5.9%) 2,000,549 (5.7%) 1,965,284 (5.3%) 1,905,324 (4.9%)

 Chlordiazepoxide 31,937 (0.1%) 27,715 (< 0.1%) 25,178 (< 0.1%) 29,595 (< 0.1%) 30,014 (< 0.1%) 26,637 (< 0.1%) 25,674 (< 0.1%)

 Clonazepam 752,162 (2.6%) 813,472 (2.7%) 844,327 (2.6%) 871,342 (2.6%) 886,423 (2.5%) 891,142 (2.4%) 878,711 (2.3%)

 Clorazepate 55,888 (0.2%) 57,288 (0.2%) 54,743 (0.2%) 50,707 (0.1%) 46,122 (0.1%) 40,986 (0.1%) 34,705 (< 0.1%)

 Diazepam 664,643 (2.3%) 684,480 (2.2%) 679,446 (2.1%) 694,963 (2.1%) 697,061 (2.0%) 687,401 (1.9%) 671,488 (1.7%)

 Estazolam 10,435 (< 0.1%) 9439 (< 0.1%) 9190 (< 0.1%) 8651 (< 0.1%) 8307 (< 0.1%) 8300 (< 0.1%) 8567 (< 0.1%)

 Eszopiclone 105,064 (0.4%) 139,817 (0.5%) 85,005 (0.3%) 76,631 (0.2%) 78,527 (0.2%) 81,222 (0.2%) 79,400 (0.2%)

 Flurazepam 14,508 (< 0.1%) 10,050 (< 0.1%) 8148 (< 0.1%) 6463 (< 0.1%) 5075 (< 0.1%) 4731 (< 0.1%) 3359 (< 0.1%)

 Lorazepam 1,617,143 (5.6%) 1,642,220 (5.4%) 1,700,107 (5.3%) 1,709,125 (5.0%) 1,667,926 (4.7%) 1,595,208 (4.3%) 1,531,912 (4.0%)

 Oxazepam 21,148 (< 0.1%) 18,241 (< 0.1%) 15,736 (< 0.1%) 13,899 (< 0.1%) 12,134 (< 0.1%) 10,866 (< 0.1%) 9482 (< 0.1%)

 Temazepam 524,470 (1.8%) 543,168 (1.7%) 557,689 (1.7%) 523,224 (1.5%) 480,709 (1.4%) 462,935 (1.3%) 419,709 (1.1%)

 Triazolam 48,416 (0.2%) 35,747 (0.1%) 32,590 (0.1%) 28,584 (< 0.1%) 26,591 (< 0.1%) 26,758 (< 0.1%) 27,611 (< 0.1%)

 Zolpidem 1,758,215 (6.1%) 1,608,998 (5.2%) 1,449,947 (4.5%) 1,288,142 (3.8%) 1,202,397 (3.4%) 1,185,920 (3.2%) 1,140,302 (3.0%)

Totalb 7,390,690 (25.6%) 7,455,937 (24.3%) 7,442,782 (23.0%) 7,310,403 (21.6%) 7,141,835 (20.2%) 6,987,390 (18.9%) 6,736,244 (17.5%)

Antipsychotics

 Amoxapine 1555 (< 0.1%) 1527 (< 0.1%) 1439 (< 0.1%) 1383 (< 0.1%) 1250 (< 0.1%) 611(< 0.1%) 569 (< 0.1%)

 Aripiprazole 126,298 (0.4%) 131,256 (0.4%) 196,453 (0.6%) 155,139 (0.5%) 165,097 (0.5%) 187,750 (0.5%) 213,379 (0.6%)

 Asenapine 3586 (< 0.1%) 3620 (< 0.1%) 3636 (< 0.1%) 3639 (< 0.1%) 3388 (< 0.1%) 3220 (< 0.1%) 3141 (< 0.1%)

 Chlorpromazine 21,011 (< 0.1%) 20,943 (< 0.1%) 20,062 (< 0.1%) 19,113 (< 0.1%) 18,950 (< 0.1%) 18,362 (< 0.1%) 17,757 (< 0.1%)

 Clozapine 8,813 (< 0.1%) 9,362 (< 0.1%) 10,123 (< 0.1%) 10,730 (< 0.1%) 11,464 (< 0.1%) 12,278 (< 0.1%) 13,004 (< 0.1%)

 Haloperidol 98,486 (0.3%) 94,136 (0.3%) 89,010 (0.3%) 83,392 (0.2%) 78,850 (0.2%) 72,109 (0.2%) 46.401 (0.1%)

 Iloperidone 1337 (< 0.1%) 1329 (< 0.1%) 1183 (< 0.1%) 976 (< 0.1%) 989 (< 0.1%) 1039 (< 0.1%) 1011 (< 0.1%)

 Loxapine 3214 (< 0.1%) 3341 (< 0.1%) 3277 (< 0.1%) 3318 (< 0.1%) 3295 (< 0.1%) 3348 (< 0.1%) 3477 (< 0.1%)

 Olanzapine 191,485 (0.7%) 196,381 (0.6%) 203,320 (0.6%) 211,627 (0.6%) 222,829 (0.6%) 235,154 (0.6%) 248,824 (0.6%)

 Paliperidone 4674 (< 0.1%) 5226 (< 0.1%) 7307 (< 0.1%) 7099 (< 0.1%) 7107 (< 0.1%) 7735 (< 0.1%) 8396 (< 0.1%)

 Quetiapine 538,274 (1.9%) 572,652 (1.9%) 600,267 (1.9%) 631,804 (1.9%) 667,785 (1.9%) 705,936 (1.9%) 743,744 (1.9%)

 Risperidone 339,875 (1.2%) 326,341 (1.1%) 315,664 (1.0%) 305,413 (0.9%) 296,788 (0.8%) 293,081 (0.8%) 291,000 (0.8%)

Totalb 1,338,608 (4.6%) 1,366,114 (4.5%) 1,451,741 (4.5%) 1,433,633 (4.2%) 1,477,792 (4.2%) 1,540,623 (4.2%) 1,590,703 (4.1%)
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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. 

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, 
p < 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 BZRAs, 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 

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  regiona,b

a Percentage of all providers who prescribed a PPI, benzodiazepine, or antipsychotic in parentheses bDenominators are not shown because they are specific to year 
and 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%) 56,191 (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%) 56,132 (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 (31.4%) 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%)
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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 

Table 7 Number of standardized 30-day fills of PPIs, benzodiazepines, or antipsychotics for patients over 65 years per  regiona,b

a Number of standardized 30-day PPI, 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

Region 2013 2014 2015 2016 2017 2018 2019

PPI

 Northeast 8,768,992 (30.4) 9,465,198 (31.1) 9,795,065 (30.8) 10,081,212 (29.8) 10,273,812 (29.2) 10,501,229 (28.3) 10,853,244 (27.9)

 Midwest 10,254,207 (29.6) 11,256,768 (30.6) 11,902,161 (30.9) 12,323,442 (30.4) 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 (31.4) 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) 55,492,818 (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 (13.4) 4,048,233 (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) 24,738,511 (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)
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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 

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.
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