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Abstract

Background/objectives

With an aging population suffering from increased prevalence of chronic conditions in the

United States (U.S.), a large portion of these patients are on multiple medications. High-risk

medications can increase the risk for drug-drug interactions and medication nonadherence.

This study aims to describe the prevalence of polypharmacy and high-risk medication pre-

scribing in U.S. physician offices.

Methods

This was a cross-sectional study of the Centers for Disease Control and Prevention’s

National Ambulatory Medical Care Survey from 2009 to 2016. All patients over 65 years

old were included. Polypharmacy was categorized as no polypharmacy (< 2 medications),

minor polypharmacy (2–3 medications), moderate polypharmacy (4–5 medications), and

major polypharmacy (>5 medications). Medications were further categorized into high-risk

medication categories (anticholinergics, cardiovascular agents, central nervous system

(CNS) medications, pain medications, and other). Comparisons between the degrees of

polypharmacy were performed utilizing chi-square or Wilcoxon rank-sum tests with JMP Pro

14® (SAS Institute, Cary, NC).

Results

Over 2 billion patient visits were included. Overall, Polypharmacy was common (65.1%):

minor polypharmacy (16.2%), moderate polypharmacy (12.1%), and major polypharmacy

(36.8%). Patients with major polypharmacy were older compared to those with moderate or

minor polypharmacy (75 vs. 73 years, respectively) and were most frequently prescribed

pain medications (477.3 per 1,000 total visits). NSAIDs were the most frequently prescribed,

with 232.4 per 1,000 total visits resulting in one high-risk NSAID prescription, while 21.9 per

1,000 total visits resulted in two or more high-risk NSAIDs.
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Conclusion

Most patients over 65 years experienced some degree of polypharmacy, with many

experiencing major polypharmacy. This indicates an increased need for expanded pharma-

cist roles through medication therapy management and safety monitoring in this patient

population.

Introduction

Unhealthy aging is a growing concern in the United States (U.S.), particularly in the older pop-

ulation. Over 13% of the U.S. population is comprised of adults 65 years and older, and this

number continues to increase [1]. As the population in the U.S. begins to age, there is an

increasing risk of patients experiencing multiple chronic conditions [2]. This may result in a

greater prevalence of polypharmacy, which is the concomitant use of multiple medications

where their therapeutic benefits may be outweighed by harm, such as increased adverse events

and poor health outcomes [2, 3]. This gradual change has been observed over the past several

years, especially in older individuals [4].

An aging population combined with polypharmacy may lead to the prescribing of poten-

tially inappropriate medications (PIMs), which can not only be ineffective for the patient’s

condition, but can also lead to a higher risk for developing adverse drug events (ADEs), includ-

ing drug-drug interactions (DDI) and drug-disease interactions, as well as medication non-

adherence due to increased pill burden [3]. These factors can ultimately result in negative

health implications, including a decline in functional and cognitive status [2]. As about half of

the ADE-related hospital admissions are preventable, the presence of ADEs may consequently

lead to increased hospitalizations, which can be due to gastrointestinal (GI) bleeding, anemia

associated with bleeding, hypotension, and syncope, among others [5–7]. Development of

these ADEs may prompt additional medication intervention to treat those issues, further exac-

erbating medication use and burden on patients.

Older adults with polypharmacy have also been found to be at a higher risk of experiencing

DDIs or drug-disease interactions [8]. In a prospective study, Doan et al. found that 80% of

older hospitalized patients with polypharmacy had potential cytochrome (CYP) P450-medi-

ated DDIs. The probability of having at least one CYP-mediated DDI increased with the num-

ber of medications. For example, in patients aged 66 years and older who were admitted to the

hospital for a drug-related toxicity, those diagnosed with hypoglycemia, digoxin-toxicity, and

hyperkalemia were 6, 12, and 20 times more likely to have taken an interacting medication the

previous week, respectively [8]. Other medications with similar indications and no known

interactions were not found to increase the risk of drug toxicity [9].

Due to the complexities of polypharmacy, the role of medication education and safety have

greatly expanded throughout all healthcare professions, ranging from improved medication

adherence in nurse-led interventions to medication therapy management (MTM) conducted

by pharmacists [10]. In addition, guidelines like The American Geriatrics Society (AGS) Beers

Criteria1 for Potentially Inappropriate Medication Use in Older Adults have been published

to promote the safe use and prescribing of these medications to prevent harmful effects. Beer’s

Criteria is a comprehensive evidence-based tool that outlines inappropriate medication use in

vulnerable populations. Based on thousands of clinical trials and studies, it includes recom-

mendations for alternative medications to use as well as adjusted dosing schedules and com-

mon drug-drug interactions to avoid [11]. Other criteria, like the Screening Tool of Older
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Person’s Prescriptions (STOPP), and the Screening Tool to Alert to Right Treatment (START),

have also been used by physicians and pharmacists to improve clinical outcomes in older

patients with numerous chronic conditions through medication intervention [12].

While these tools exist to aid in safe medication prescribing, it is imperative to evaluate how

frequently these high-risk medications are prescribed in the older population, particularly in

those on multiple medications. Promoting judicious medication prescribing for this patient

population may provide benefit for not only adequately treating these chronic conditions, but

also helping to reduce ADEs and unnecessary pill burden [13]. Therefore, this study aims to

quantify the prevalence of polypharmacy and to determine the rates of high-risk medication

prescribing in older U.S. outpatients.

Methods

Data source and ethics statement

This was a cross-sectional study using data from the CDC’s National Ambulatory Medical

Care Survey (NAMCS) from 2009 to 2016. The NAMCS utilizes a sample of visits within non-

federal employed office-based outpatient physicians (e.g., private practice and free-standing

clinics) in the U.S. Providers in this survey are assigned to a one-week reporting period, where

information is collected on patient demographics, diagnoses, medications ordered or pro-

vided, any diagnostic procedures performed, and future treatment plans. From 2009 to 2013,

the database contains a total of three diagnoses and 8 to 10 medications collected for each

patient visit. From 2014 to 2016, these were expanded to five diagnoses and 30 medications.

The UT Health Science Center San Antonio Institutional Review Board waived formal eth-

ics approval and patient consent, as these data are publicly available and do not contain any

patient identifiers.

Patient population and study definitions

Patients that were 65 years and older during their visit in the NAMCS from 2009 to 2016

were included in this study. Patient visits were further categorized by overall visits and

degree of polypharmacy, which was defined by the number of medications that were ordered

or documented at the time of their visit. Although polypharmacy can be defined multiple dif-

ferent ways, the authors chose to classify polypharmacy with the following method to adjust

for the degree of polypharmacy: no polypharmacy (less than 2 medications), minor poly-

pharmacy (2 to 3 medications), moderate polypharmacy (4 to 5 medications), and major

polypharmacy (more than 5 medications). Furthermore, inappropriate or high-risk medica-

tions were identified in this study. High-risk medications were defined by their respective

Multum code, a six-digit generic-equivalent code that reflects up to six components that

make up a given drug (S1 Table). Combination drugs were also reflected by their respective

Multum code, although potentially counted as multiple drugs based on their therapeutic

ingredients. These medications were further classified based on The AGS Beers Criteria1

for Potentially Inappropriate Medication Use in Older Adults, where medications that

belong to this list are recommended to be avoided by older adults in a majority of circum-

stances, including specific diseases or conditions [11]. These medications were further bro-

ken down into five major medication categories: anticholinergics, cardiovascular agents,

central nervous system (CNS) medications, pain medications, and other (endocrine medica-

tions, gastrointestinal agents, and anti-infectives). A full table of these medication categories

can be seen in S1 Table. Lastly, medication classes of interest were categorized within each

medication category.
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Data and statistical analyses

Descriptive and statistical data analyses were conducted using JMP Pro 141 (SAS Institute,

Cary, NC). Data weights provided by the NAMCS were used to extrapolate sample visits to

national estimates and were used for all analyses in this study. Baseline characteristics were

compared between individuals experiencing varying degrees of polypharmacy (minor poly-

pharmacy, moderate polypharmacy, and major polypharmacy) and those with no polyphar-

macy utilizing chi-square or Wilcoxon rank-sum tests where appropriate. This study also

analyzed the rates of high-risk medication prescribing, which were calculated as the number of

visits that included a high-risk medication class per 1,000 total outpatient visits. Lastly, a sub-

group analysis of the most common chronic conditions seen by high-risk medication class was

performed on patients who experienced major polypharmacy.

Results

Population characteristics

A total of 2.1 billion visits with an overall median number of 3 (IQR 1–8) medications were

included for analysis. Of those visits, a total of 1.4 billion visits (65.1%) had some form of

polypharmacy, with 738,923,785 (34.9%) including patient visits with no polypharmacy,

341,779,401 (16.2%) with minor polypharmacy, 256,247,011 (12.1%) with moderate polyphar-

macy, and 779,309,084 (36.8%) with major polypharmacy. Baseline characteristics are pre-

sented in Table 1. Overall, patients with major polypharmacy were older compared to those

with moderate or minor polypharmacy (75 vs. 73 years, respectively), while patients with

minor or moderate polypharmacy were younger than those with no polypharmacy (73 vs. 74

years, respectively). Sex, race, and ethnicity were all numerically similar between groups, but

were statistically different because of a large sample size. Lastly, patients with major polyphar-

macy had a higher median number of total chronic conditions (3), compared to those seen

with no polypharmacy (0), minor polypharmacy (2), and moderate polypharmacy (2).

Rates of high-risk medication prescribing overall and by degree of

polypharmacy

Patients who exhibited a higher degree of polypharmacy (i.e., major polypharmacy) had a

documented high-risk medication prescribed compared to those exhibiting a lesser degree of

Table 1. Baseline characteristics by degree of polypharmacy.

Characteristic+ No polypharmacy

(n = 738,923,785)

Minor polypharmacy

(n = 341,779,401)

Moderate polypharmacy

(n = 256,247,011)

Major polypharmacy

(n = 779,309,084)

Age (years), median (IQR) 74 (69–80) 73 (68–79) 73 (68–80) 75 (70–81)

Female sex, % 55.5 57.5 56.1 57.5

Race, %

White 66.2 62.5 66.0 67.2

Black/African American 5.7 6.0 7.2 6.4

Other 4.3 4.7 4.0 2.9

More than one race 0.1 0.1 0.2 0.2

Hispanic or Latino

ethnicity, %

7.1 7.7 7.9 6.1

Chronic conditions,

median (IQR)

0 (1–2) 2 (1–3) 2 (1–3) 3 (2–4)

+ All comparisons between no polypharmacy vs. minor polypharmacy vs. moderate polypharmacy vs. major polypharmacy groups were deemed statistically significant

if p<0.0001

https://doi.org/10.1371/journal.pone.0255642.t001
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polypharmacy (i.e., minor and moderate polypharmacy). Overall, 703.0 per 1,000 patient rate

visits with major polypharmacy had a documented high-risk medication prescribed. This rate

declined with less severe forms of polypharmacy (moderate polypharmacy, 456.9 per 1,000,

minor polypharmacy, 267.6 per 1,000, and no polypharmacy, 42.1 per 1,000). Additionally,

pain medications were the most frequently ordered medication class overall, as well as in

patients who exhibited major polypharmacy (477.3 per 1,000 patient visits), followed by CNS

medications (185.8 per 1,000), and cardiovascular agents (182.4 per 1,000). In patients exhibit-

ing moderate polypharmacy, CNS medications were the most frequently prescribed (97.6 per

1,000), followed by cardiovascular agents (85.7 per 1,000) and other high-risk medications

(44.7 per 1,000). Like major polypharmacy, pain medications were the most frequently pre-

scribed medication class in patients exhibiting minor polypharmacy (130.2 per 1,000), fol-

lowed by CNS medications (64.8 per 1,000) and cardiovascular agents (29.9 per 1,000). Lastly,

pain medications (16.8 per 1,000), CNS medications (9.1 per 1,000), and other medications

(4.5 per 1,000) were the most frequently prescribed in patients with no polypharmacy (Fig 1).

For patients with any degree of polypharmacy, 319.8 per 1,000 total visits resulted in one

high-risk medication. Additionally, 146.0 per 1,000 total visits resulted in two or more high-

risk medications. Of all medication classes, high-risk non-steroidal anti-inflammatory drugs

(NSAIDs) were the most frequently prescribed, with 232.4 per 1,000 total visits resulting in

one high-risk NSAID, while 21.9 per 1,000 total visits resulted in two or more high-risk

NSAIDs. Other high-risk medication classes, like short and long-acting benzodiazepines, cen-

tral alpha blockers, alpha-1 blockers, and skeletal muscle relaxants, were also common (Fig 2).

Discussion

In this nationally representative study of older Americans presenting to ambulatory physician

offices in the U.S. between 2009 and 2016, a large proportion of visits resulted in some degree of

polypharmacy. Importantly, there was a significant proportion of patients with polypharmacy

Fig 1. High-risk medication prescription rates by medication category. + All comparisons between no polypharmacy vs. minor

polypharmacy vs. moderate polypharmacy vs. major polypharmacy groups were deemed statistically significant (p<0.0001).

https://doi.org/10.1371/journal.pone.0255642.g001
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that were prescribed high-risk medications. Overall, major polypharmacy (defined as patients

more than five medications) was the most prevalent, accounting for over a third of U.S. physi-

cian office visits. This is one of the first studies to identify potential inappropriate or high-risk

prescribing patterns in the older population.

Among the medication categories and classes prescribed to older patients in this study, the

most common category and class were pain medications and NSAIDs, respectively. This is

consistent with general prescribing trends, as the prevalence of NSAID prescribing in patients

over 60 years of age was shown to be over 95% in the general practice setting [14]. While

NSAIDs are known to be effective in treating pain and inflammation, they can result in several

ADEs, namely nephrotoxicity, cardiovascular events, and GI ulceration. In addition, NSAIDs

are a common cause of DDIs. Medications including antiplatelets, corticosteroids, selective

serotonin reuptake inhibitors (SSRIs), and anticoagulants can all increase GI bleeding risk if

taken with NSAIDs, especially when taken with multiple other medications or used chronically

[15]. In addition to NSAIDs, skeletal muscle relaxants were also prevalent in this study. These

medications, including carisoprodol and cyclobenzaprine, may increase fall risk in older

patients due to their mechanism of action within the CNS. A study by Spence et al showed that

risk of injury caused by skeletal muscle relaxant use in patients over 65 years increased com-

pared to no use (OR 1.32, 95% CI 1.16–1.50, p<0.001) [16].

In addition to NSAIDs, there were also large proportions of older patients that were pre-

scribed high-risk CNS medications (i.e., selective serotonin reuptake inhibitors, benzodiaze-

pines, etc.). Overall, CNS medications have been associated with an increased risk of falls, hip

fractures, and cognitive decline. For example, a study by Wright et al showed that CNS-active

medication use was associated with cognitive decline (HR 1.27, 95% CI 0.90–1.81). [17] Both

short and long-acting benzodiazepine use has also been known to show more risk than benefit

in the elderly population. Withdrawal symptoms are prevalent in patients who have been

exposed to a benzodiazepine, with approximately half of patients experiencing these symptoms

[18]. As a result, both providers and patients have shown hesitancy in discontinuing benzodi-

azepines [19]. In addition to withdrawal symptoms, a study by Billioti de Gage et al showed

that, after adjusting for other neurologic conditions like anxiety, depression, and insomnia,

Fig 2. Rate of patients prescribed at least one high-risk medication overall and by medication class. + All comparisons between

one medication and two or more medications were deemed statistically significant (p<0.0001).

https://doi.org/10.1371/journal.pone.0255642.g002
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benzodiazepine use was associated with increased risk for the development of Alzheimer’s dis-

ease (aOR 1.43, 95% CI 1.28–1.60) [20].

Medication safety is an important factor that must be considered when treating the older

population, particularly those vulnerable to polypharmacy. This responsibility is particularly

important in pharmacy, whose role has greatly expanded from medication distribution to

medication reconciliation and MTM, which aims to not only educate patients on their medica-

tions, but to also optimize their medication regimens through improving patient adherence

and detecting potential ADEs and DDIs [21]. In addition, medication education is also impor-

tant to the healthcare team, where pharmacists can aid in decreasing the number of inappro-

priate medications prescribed and subsequently, medication burden [21, 22]. Studies have

shown that pharmacist intervention can significantly reduce the use of high-risk medications

in the older population as categorized by the Beers Criteria1. For example, Chivapricha et al.

compared the prevalence of PIMs (identified by the 2012 Beer’s Criteria1) upon hospital

admission and discharge when adding a geriatric pharmacy specialist alongside the ward phar-

macist in the inpatient setting. The study found that upon discharge, the prevalence of PIMs

decreased significantly from admission (31.0% when the geriatric pharmacy specialist was

with the ward pharmacist and 43.3% when the team only consisted of the ward pharmacist,

p<0.05) [22].

Pharmacists are not the only healthcare professionals who play a critical role in polyphar-

macy. In a survey of multifaceted healthcare providers, the findings showed that physicians,

pharmacists, and nurses all agreed that preventing polypharmacy was a role they all were

responsible for [23]. For example, nursing-led interventions have shown an improved adher-

ence rate to oral (85% to 90%) and inhaled treatment (37 to 71%) in COPD patients [23].

There are multiple screening tools for physicians to be more mindful of the possibility of

adverse effects to PIMs [24]. Furthermore, in a study with nurse practitioners combatting

polypharmacy through medication reviews, the importance of an interprofessional team

regarding elderly care was highlighted [25]. However, further studies are still warranted to

determine the optimal method to decrease the prevalence of polypharmacy.

Polypharmacy can occur due to many reasons; one simply being aging. As age-related

changes occur, it can reduce hepatic blood flow and change drug clearance levels. Changes can

also result from chronic diseases or malnutrition. Other causes include a lack of communica-

tion within the healthcare team, self-medicating without an accurate understanding of effects,

or patients visiting multiple health systems that are not aware of what the other is doing [26].

Lastly, while there are several explanations as to why polypharmacy exists in this vulnerable

patient population, it is also imperative to note that due to the degree of multi-morbid condi-

tions, there are also instances where polypharmacy is unavoidable [26]. However, it has been

noted that patients struggle with adherence in these situations. As a result, the utilization of

medication organizers, electronic patient reminders about medication adherence, and combi-

nation medications can help alleviate medication burden [27]. With the collaborative effort

of the patient’s healthcare team and the tools outlined above, adherence and safety can be

assessed and potentially improved in those with high medication burden.

Limitations

Finally, there are some potential limitations in this study. As the NAMCS dataset provides

information from single office visits, previous visits and longitudinal follow-ups were unavail-

able. However, as the NAMCS includes a random sample of visits from various physician

offices in the country, there is a low probability that one patient was sampled multiple times.

In addition, medication data from this dataset only indicate which medications patients were
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newly prescribed or were taking at the time of visit with or without the corresponding disease

state for which it was being prescribed. Therefore, this study is unable to account for the accu-

racy of this list in terms of previous medications, active medications, or chronic use of these

medications. As such, this study was not able to concretely differentiate between essential and

inappropriate polypharmacy, but it did identify potentially inappropriate medications based

on the drug class and the age of the population studied. Next, the survey used in this study col-

lected data on only outpatient physician offices, so study findings are not representative and

can underestimate high-risk medication prescribing in the elderly in the U.S., particularly in

the inpatient setting and over-the-counter medications. Lastly, due to the survey setting, this

study was also unable to account for patients getting medications filled from multiple physi-

cians or picking up medications from multiple pharmacies.

Conclusion

In this nationally representative study, polypharmacy and more specifically, major polyphar-

macy, was prevalent in U.S. physician offices within the elderly population. High-risk medi-

cations were also common in this population, with high-risk pain medications being the

most commonly prescribed. Findings from this study support enhanced pharmacist roles in

medication therapy management in order to improve drug therapy regimens in the elderly

population.
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