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Key points (100/100 words):

e Between 2015 and 2016, about 60% of United States (US) Veterans patients aged 49 to 70
years with polypharmacy and 80% with hyperpolypharmacy were exposed to potentially
inappropriate medications (PIMs).

e Beers, Laroche and PROMPT criteria provided similar estimation of PIMs prevalence both
inside and outside their target age population.

e The prevalence of polypharmacy and hyperpolypharmacy was substantial even among those

49-64 years of age.
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e Meaningful differences in PIMs prevalence were observed between patients aged 49 — 64 and
patients aged 65 -70 overall, but these were small among those with polypharmacy

e Proton pump inhibitors, antidiabetics, non-steroidal anti-inflammatory drugs, opioids,
benzodiazepines and antidepressants represented the most common PIMs.

o Small differences in PIMs prevalence were observed by sex and race/ethnicity.

Plain Language Summary (193/200 words):

Potentially inappropriate medications (PIMs) are medications contra-indicated in particular
circumstances. We sought to characterize PIMs by level of polypharmacy by age, sex and
race/ethnicity.

We set up a study using electronic health records available through the US Department of Veterans
Affairs. We analysed pharmacy fill and refill records between October 1, 2015 — September 30, 2016
for all patients aged 49 to 70. PIMs were defined by lists of medications: the combined Beers and
Laroche (henceforth Beers Laroche) criteria used for older patients and the PROMPT criteria used for
middle-aged.

2 748 705 patients were included in the study. Among patients with 0-4, 5-9 and >10 medications
about 14%, 60% and 85%, respectively, had at least one PIMs defined by PROMPT or Beers Laroche
criteria. Small differences in prevalence were found by age. Meaningful differences in prevalence
were shown by sex and race/ethnicity according to both set of criteria. The most common PIMs were
digestive, analgesic, antidiabetic and psychotropic medications.

Prevalence of PIMs was high and increased with polypharmacy. Beers Laroche and PROMPT
provided similar estimation inside and outside their target age, suggesting that PIMS are common

among those with polypharmacy regardless of age.
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Abstract (249/250 words)

Background: Potentially inappropriate medications (PIMs) are medications contra-indicated in
particular circumstances. We sought to characterize PIMs by level of polypharmacy by age, sex and
race/ethnicity.

Methods: We performed a cross-sectional drug dispensing study using electronic health records
available through the US Department of Veterans Affairs. We extracted pharmacy fill and refill
records during fiscal year 2016 (i.e., October 1, 2015 — September 30, 2016) for all patients aged 49 to
70 who accessed care in the preceding fiscal year. PIMs were defined by the combined Beers and
Laroche (henceforth Beers Laroche) criteria used for older patients and the PROMPT criteria used for

middle-aged.

Results: In the 1 499 586 patients aged 49-64, PIMs prevalence by PROMPT in patients with 0-4, 5-9
and >10 medications was 14.0%, 62.2% and 86.1%, respectively, and by Beers Laroche was 14.3%,
63.4% and 85.7%, respectively. In the 1 249 119 patients aged 65-70, PIMs prevalence by Beers
Laroche was 14.8%, 59.9% and 83.3%, and by PROMPT was 13.9%, 57.4% and 82.0%, respectively.
Meaningful differences in prevalence were shown by sex and race/ethnicity according to both set of
criteria (e.g. PROMPT in patients with 5-9 medications: 66.1% women vs. 59.3% men; Standardized-
mean-differences (SMD) = 0.14; 61.7% of White vs. 54.5% of non-White; SMD= 0.15). The most

common PIMs were digestive, analgesic, antidiabetic and psychotropic medications.

Conclusion: Prevalence of PIMs was high and increased with polypharmacy. Beers Laroche and
PROMPT provided similar estimation inside and outside their target age, suggesting that PIMS are

common among those with polypharmacy regardless of age.
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Introduction

Polypharmacy, typically defined as the use of five or more concurrent medications, is common and
associated with adverse drug events [1], drug-drug interactions [2], non-adherence [3], cognitive
impairment [4], falls [5], hospitalisations [6] and mortality [7]. Potentially inappropriate medications
(PIMs) are defined as drugs for which risks outweigh potential benefits [8]. PIMS include specific

drugs that should not be used in general, or in patients with multimorbidity, or at a certain age.

Large national healthcare databases offer real-world data, and can help understand the specific
mechanisms for harm from polypharmacy [9]. For instance, healthcare databases provide the
opportunity to look at trends in prescription drug use. In the United States (US), polypharmacy

increased from 8.2% to 15.0% between 1999 and 2012 among adults, aged 20 years and over [10].

Lists of PIMS have been created by experts and may help explain harms associated with
polypharmacy [11,12]. Most of these lists focus on patients aged 65 or over because advanced age is
associated with altered pharmacokinetics; pharmacodynamics and multiple diseases, which can help
trigger these adverse events [13]. The Beers criteria were created in the US in 1991 and regularly
updated with the latest version in 2019. The Laroche list was published in 2007 and is an adaptation to
the French setting but also provides additional data. PROMPT criteria were developed in 2014 to
target specifically middle aged patients (45 to 64 years old) [14]. These criteria overlap and

commonalities and differences can help paint a more comprehensive picture of PIMs [14-16].

PIMs lists have been applied in health care databases mainly in Europe and among those over 65 years
with few consideration of sex or race [17]. Very little work has been done among those under 65 years
of age or according to sex and race/ethnicity. The aim of this study was to measure the prevalence of
PIMs by level of polypharmacy using three commonly used PIMs criteria among patients aged 49 to
70 years old in the largest integrated healthcare system in the US, overall and by demographic

subgroups.
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Methods
Study design and population

We conducted a cross-sectional drug utilization study using data from electronic health records
available through the US Department of Veterans Affairs (VA) Corporate Data Warehouse (CDW).
The VA provides healthcare benefits to more than 9 million patients annually at over 1200 points-of-
care. The CDW includes all pharmacy fills and refills, inpatient and outpatient diagnosis, and
demographics. The Veteran Birth Cohort is a subset of CDW and includes patients born between 1945
and 1965, which accounts for approximately 4.5 million patients [18,19]. We extracted data from
fiscal year 2016 (i.e., October 1, 2015 — September 30, 2016) on all patients in the Veteran Birth
Cohort who were alive on October 1, 2015 and accessed care in the preceding fiscal year. The Veteran
Birth Cohort has been approved by the institutional review boards of Yale University (ref
#1506016006) and VA Connecticut Healthcare System (ref #AJ0013), granted a waiver of informed

consent, and deemed Health Insurance Portability and Accountability Act compliant.

Potentially inappropriate medications (PIMs) and polypharmacy

All drugs were considered regardless of route of administration (systemic or not). Specific therapeutic
classes were excluded: antiseptics, soap, deodorants, keratolytics, diagnosis agents, vaccines,
immunoglobulins, contact lens, eye washes, dental agents, and devices. Fixed dose combinations were
split into active ingredients for systemic and oral drugs. Topical combinations (including

dermatological, nasal, optical and otic agents) were not split and counted as one medication.

Chronic medication use was defined as uninterrupted duration of dispensed medication for at least 183
days (6 months), allowing for a grace period of 20% the prescription duration after each fill to account
for potential stockpiling. Polypharmacy was defined by the use of five to nine chronic medications on
any single day during the study period; hyperpolypharmacy by the use of ten chronic medications or
more (Figure 1). We extracted medication data from up to one year prior to the study period, fiscal
year 2015, to identify chronic medications that had already started before and continued after the start

of the study.
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Beers and Laroche criteria were combined (henceforth referred to simply as Beers Laroche) and
applied simultaneously and PROMPT criteria were applied separately (Table S1 and S2). We used
only the criteria that were applicable in the VA according to clinical (e.g., benign prostatic hyperplasia
or heart failure with reduced ejection fraction were not identifiable) and pharmacy data (e.g., aspirin
indication could not be identified as antiplatelet or an analgesic). For Beers/Laroche criteria, if a
medication was mentioned in both lists with different requirement, when applied to the data, the list
applied was the one with the broader criteria (e.g., Benzodiazepines and hypnotics are inappropriate at
any dose according to Beers while half dose can be used according to Laroche. The Beers criteria were

applied in this case).

PIMs were considered as any drug identified as potentially inappropriate by at least one applicable

criterion of either Beers Laroche or PROMPT lists, regardless of age [12,14,20].

Other characteristics

We extracted data on demographic characteristics (e.g., age, sex, and race/ethnicity). We also used
inpatient and outpatient ICD-9 diagnostic codes occurring in the year prior to study start to identify a
large set of clinical characteristics, including hyperlipidemia, hypertension, mild depression, diabetes,
pulmonary disorders, post-traumatic stress disorder (PTSD), alcohol abuse, myocardial infarction,
anxiety, major depression, bipolar disorder, chronic seizure, delirium, dementia, helicobacter pylori,
heart failure, gastric or duodenal ulcers, falls, fractures, oesophagitidis, pathological hypersecretory

condition, Parkinson disease, and schizophrenia (Table S3)

Statistical analysis

Prevalence of polypharmacy/hyperpolypharmacy was defined as the number of patients who had at
least one day of polypharmacy/hyperpolypharmacy in fiscal year 2016 out of the number of all eligible
patients included in the study (n=2,748,705). Prevalence of PIMs was defined as the number of
individuals with at least one day of any chronic PIMs (Figure 1) over patients with 0-4 medications,
polypharmacy (5-9 medications) or hyperpolypharmacy (10 or more). All analyses were stratified on

age (49 - 64 years old and 65 - 70 years old), sex and race/ethnicity. White and Black patients, were
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defined as such if they had no Hispanic ethnicity. Hispanic are defined by ethnicity regardless of other
races. Race “other” were patients who were not in any of the above categories. Standardised mean
differences (SMDs) were used to estimate differences of PIMs prevalence between age, sex and races
groups with a SMD < 0.1 indicating no difference, 0.2 a small difference, 0.5 a moderate difference
and 0.8 a large difference [21]. All data management and analyses were performed using SAS

software version 9.4 (SAS Institute, North Carolina, USA).

Results

Of 3 923 534 patients in the Veteran Birth Cohort alive on October 1, 2015 who had ever accessed VA
care, 808 796 were excluded because they did not access VA care in the preceding fiscal year, and

366 033 were excluded because they initiated VA care in the preceding fiscal year and therefore were
unlikely to have established chronic care in the VA before study start. Therefore, 2 748 705 patients
with active use and an established clinical history were included in this study. They were mostly men
(93.3%) and the mean age was 62 years old, with 45.4% of patients aged 65 -70. They were mostly
white (68.7%) or Black (20.3%). The most frequent chronic conditions were hyperlipidemia (66.0%),
hypertension (64.8%), depression (34.3%) and diabetes (30.1%). In fiscal year 2016, the prevalence of
polypharmacy (5-9 medications) was 23.0% and hyperpolypharmacy (> 10 medications) was 7.3%.
The prevalence of polypharmacy and hyperpolypharmacy in patients aged 65-70 were 27.0% and
9.1%respectively , and in patients aged 49-64 19.7% and 5.8% respectively. Among men, the
prevalence of polypharmacy and hyperpolypharmacy were 23.3% and 7.4%, and among women
18.9% and 5.9%. Prevalence of polypharmacy and hyperpolypharmacy by race were 24.0% and 7.9%
in White, 21.6% and 6.1% in Black, 22.3% and 6.7% in Hispanic, and 16.0% and 4.7% in other race

(Table 1, Table S4).

We applied PROMPT criteria inside the target age of our population, patients aged 49-64, and we
found the prevalence of having at least one PIMs was 14.0% among patients with 0-4 medications,
62.2% in patients with polypharmacy, 86.1% in patients with hyperpolypharmacy. Most common

PIMs were proton pump inhibitors (PPIs; respectively 6.2% of patients with 0-4 medications, 30.1%
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of patients with polypharmacy, 48.5% with hyperpolypharmacy), non-steroidal inflammatory drugs
(NSAIDs, 3.2%, 14.8%, 25.2%), sulfonylureas (1.5%, 12.4%, 19.4%), opioids without concurrent
laxatives (1.5%, 7.2%, 13.5%), stimulant laxative (0.5%, 4.9%, 18.0%) and Benzodiazepines (0.9%,
5.4%, 12.7%). When we applied Beers Laroche in this same age group we found PIMs prevalences of
14.3%, 63.4% 85.7% respectively. Similarly, the most common PIMs were PPIs (5.9%, 26.3%,
34.6%), sulfonylureas (1.5%, 12.4%, 19.5%), NSAIDs (2.9%, 11.6%, 15.4%), stimulant laxatives

(0.5%, 5.6%, 21.3%) and benzodiazepines (0.6%, 3.6%, 8.7%) (Table 2).

We applied the Beers Laroche criteria inside target age of our population, patients aged 65-70, and we
found PIMs prevalences of 14.8% in patients taking 0 -4 medications, 59.9% in patients with
polypharmacy, 83.3% in patients with hyperpolypharmacy. The most common PIMs were PPIs (6.9%
of patients taking 0-4 medications, 25.6% of patients with polypharmacy, 33.3% of patients with
hyperpolypharmacy), sulfonylureas (2.1%, 15.9%, 24.8%), NSAIDs (1.9%,7.3%, 10.4%), stimulant
laxatives (0.5%, 4.6%, 18.8%), insulin sliding scale (1.0%, 5.9%, 12.5%), antidepressants (0.8%,4.0%,
8.5%) followed by benzodiazepines (0.6% 2.8%, 7.0%). When we applied the PROMPT criteria in
this same age group, we found prevalences of 13.9%, 57.4% and 82.0% respectively. Similar common
PIMs were found: PPIs (7.1%, 28.5%, 44.7%), sulfonylureas (2.1%, 15.9%, 24.8), NSAIDs (2.1%,
9.4%, 17.1%), stimulant laxatives (0.4%, 4.2%, 16.6%) and benzodiazepines (0.9%, 4.0%, 9.9%)

(Table 2)

Among patients with 0 -4 medications, PIMs prevalence were similar between patients aged 49-64 and
patients aged 65 — 70 according to both Beers Laroche (14.3% vs. 14.8%, SMD = 0.01) and PROMPT
criteria (14.0% vs. 13.9%, SMD = 0.00). Among those with polypharmacy and hyperpolypharmacy,
The Beers Laroche criteria showed no differences in PIMs prevalence according to age (63.4% vs.
59.9%, SMD = 0.07 and 85.7% vs. 83.3%, SMD = 0.07 respectively) but PROMPT criteria showed
small differences (62.2% vs. 57.4%, SMD = 0.10 and 86.1% vs. 82.0%, SMD = 0.11, respectively)
suggesting that patients aged 49 — 64 had a higher PIMs prevalence than patients aged 65-70. Small
differences of PIMs prevalence were observed according to sex with a higher prevalence in women

than men in polypharmacy and hyperpolypharmacy according to the Beers Laroche criteria (68.6% vs.
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61.1%, SMD = 0.16 and 89.2% vs. 84.1%, SMD = 0.15 respectively) and PROMPT criteria (66.1%
vs. 59.3% SMD = 0.14 and 89.0% vs. 83.5% SMD = 0.16). Differences existed according to
race/ethnicity: For instance according to PROMPT, White and Black patients had small differences
compared to non-White and non-Black, White patients having higher prevalence compared to Black,
Hispanic and other race/ethnicity (61.7% vs. 54.5% of patients with polymarmacy, SMD = 0.15;
84.7% vs. 81.0% of patients with hyperpolypharmacy, SMD = 0.10) and Black lower prevalence than
White, Hispanic and other race/ethnicity (52.3% vs. 61.4% of patients with polymarmacy, SMD =
0.19; 79.8% vs. 84.6% of patients with hyperpolypharmacy, SMD = 0.13) (Tables 3 — 6, Tables S5 —

S8).

Small differences in prevalence of the most common PIMs were observed between age, sex and
race/ethnicity. If looking only in patients with polypharmacy or hyperpolypharmacy, patients aged 49
— 64 had higher prevalence of NSAIDs (SMD between 0.15 — 0.20), skeletal muscle relaxants (0.14 —
0.19), opioids (0.17 — 0.18) and lower prevalence of sulfonylureas (0.10 — 0.13) than patients aged 65-
70. Similarly, women had higher prevalence of NSAIDs (0.13 — 0.20), PPIs (0.10 — 0.18), skeletal
muscle relaxants (0.15 — 0.23), antidepressants (0.14 — 0.19), benzodiazepines (0.10 — 0.12),
antihistamines (0.12 — 0.20), stimulant laxatives (0.10 — 0.16) and lower prevalence of sulfonylureas
(0.23 — 0.27) and insulin sliding scale (0.17) than men. Similarly, White had higher prevalence of PPIs
(0.13 = 0.17) and opioids (0.10) than non-White, and Black lower prevalence of PPIs (0.14 — 0.18),
opioids (0.10), antidepressants (0.10) and benzodiazepines than non-Black (0.14 — 0.22) (most

frequent PIMs presented in Table 2 - 6, all PIMs are presented in Table S5 — S8).

Discussion

Approximately six in ten patients with polypharmacy and eight in ten patients with
hyperpolypharmacy were exposed to PIMs by either Beers Laroche criteria targeting older people or
PROMPT criteria targeting middle-aged people. PROMPT criteria showed small differences in PIMs
prevalence in patients aged 49 — 64 than patients aged 65 — 70, while no difference existed with Beers

Laroche criteria. Women were more exposed to PIMs than men and White more than all other

10
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race/ethnicities but these differences were largely driven by number of medications prescribed. Once
analyses were stratified by polypharmacy and hyperpolypharmacy, differences were small. Both PIMS
criteria identified similar common PIMs such as PPIs, sulfonylureas, NSAIDs, antidepressants and

benzodiazepines. Small differences of patterns existed according to age, sex and race.

Most previous PIMs research was focused on people of 65 years of age and older. All but four focused
on people of 60 years of age and older (Table S9) [15,16,22,23]. In our study we observed that PIMs
were as prevalent in people <65 as in older people. The prevalence of PIMs observed in younger
individuals should raise concern. It has been seen in other studies such as in Japan where PIMs
concerned 71.9% of patients older than 45 and receiving care at home [22] and in a study in the
Netherlands that showed that younger patient were subjected to a higher prevalence of PIMs than older
patients with polypharmacy between 2012 and 2016 [16]. This suggests that initiation of PIMs in

younger patients with polypharmacy is an increasing concern.

Most studies used criteria according to the age of the studied population, i.e., Beers and Laroche for
older patients and PROMPT for middle-aged patients. Beers criteria were created for individuals aged
65 and over, the Laroche list for individuals aged 75 and over, and PROMPT criteria were created for
middle-aged people aged 45 to 64. To the best of our knowledge, we are the first to show the use of
either Beers Laroche and PROMPT criteria in a population aged 49-70 provides similar estimation
regardless of if applied in the target population or not. We observed a high prevalence that increased
with polypharmacy and hyperpolypharmacy with any criteria and at any age category. This suggest
that these criteria may be used in both middle aged and older people regardless of the initial target
population. These criteria also provided close estimations of PIMs prevalence in analysis stratified by
sex and race/ethnicity. Another argument is that all these medications may be pharmacologically

inappropriate in anyone when used chronically.

Previous PIMs research used to be conducted in small samples of patients, often those who visited or
were discharged from a single hospital, so may not be generalizable. However, new population-based
study such as ours described similar common PIMs. Benzodiazepines, analgesics, NSAID and PPIs

were showed in two small sized study in Spain [24,25]. Proportion of the lists that is actually used may

11
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also vary between studies but results stays consistent and similar to ours. Similarly, two studies
employing somewhat different applications of Beers criteria used showed that gastrointestinal
medications including PPIs were among the most frequent PIMs in older people (= 65 years old) in
two different hospitals in 2016, one in Jordan [26] and one in Saudi Arabia [27]. PPIs were identified
as the major PIMs regardless of the subcategories of Beers criteria use. Studies using PROMPT
showed similar results to ours: In the United Kingdom (UK), France and the Netherlands, proton
pump inhibitors, benzodiazepines were among the most frequent PIMs[14—16,23]. These similarities

suggest that those common PIMs are a feature of polypharmacy.

Identification of inappropriate PPIs according to Beers/Laroche and PROMPT criteria sometimes
demands clinical data such as conditions that justified the chronic use of a PPI (esophagitis,
Helicobacter pylori) or other drugs. From the VA data we could identify these specific clinical
conditions but it was not possible to distinguish antiplatelet aspirin (only low-dose aspirin) from
analgesics (either low-dose or high dose). Consequently, we considered PPIs used concurrently with
low-dose aspirin (antiplatelet) always appropriate even though they are not, leading to a possible
underestimation of PIMs. Despite this, the prevalence of PPIs remains high in our study, similarly to

what was observed in France [15], the Netherlands [16] Spain [24] and the UK [23].

Beers Laroche and PROMPT criteria overlap with slight differences which helped us to better
understand PIMs use. In addition to oesophagitis and helicocter, PPIs were considered appropriate if
used concomitantly with a chronic NSAID or oral corticoids with Beers Laroche criteria but not with
PROMPT criteria. Furthermore, Beers Laroche criteria listed specific NSAIDs contrary to PROMPT
that would consider NSAIDs overall. The close estimations between our criteria suggested that most
people used chronically PPIs without NSAIDs, and vice versa. PPIs and NSAIDs are known to be
frequently initiated at the same time, often without following the recommendations, i.e. without
gastrointestinal risk factors [28,29]. Once either PPIs or NSAIDs have been discontinued, treatment is

probably rarely re-evaluated, leading to chronic and inappropriate use of either treatment.

Benzodiazepines and hypnotics are often reported as the most common PIMs for instance in Korea

[30] and in most European countries (Spain [25], France [15,31], the Netherlands [16], Lithuania

12
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[32],Finland [33], Germany [34] and Scotland [35]). Our data allowed the identification of patients
with chronic anxiety, a condition for which Beers Laroche criteria considers short acting

benzodiazepines appropriate, contrary to the PROMPT criteria [12,14]. Close prevalences between
criteria suggest that anxiety cannot explain the high use of these drugs by itself, in our study and in

Europe, despite the risks of associated adverse effects [36—39].

The study had limitations largely related to the data source and population. The Veteran Birth Cohort
included patients aged 49 to 70 as of October 2015; therefore, our findings may not generalize to
patients aged younger than 49 or older than 70. Although the cohort included proportionally few
women (~7%), the large nature of our study meant this translated to 185,466 women; though, our
findings may not generalize to women in the general population. Given the cohort was mostly men,
overall estimates of the prevalence of PIMs is likely to be an underestimate of the prevalence in the
general population since medication use is, in part, driven by sex and gender (e.g., estrogens are
frequently prescribed PIMs [40]). Importantly, we found a small difference of PIMS prevalence in
sex-stratified analyses for medication usually not driven by sex such as a higher prevalence of
antidiabetic PIMs in men compared to women, and a higher prevalence of central nervous system
PIMs in women compared to men. Dose and indication of treatment were not available which limited
full use of some of the Beers Laroche and PROMPT criteria. For instance, PROMPT criteria say that
PPIs should not be used at doses above the recommended maintenance dosage for greater than eight
weeks, so we only took account of the duration of treatment. In addition, some clinical data might be
inconsistently coded (e.g., anxiety is rarely coded using ICD-9 codes so prevalences of
Benzodiazepines — short/intermediate acting PIMs might be overestimated). Over-the-counter
medications and medications dispensed outside of the VA were not available, which could have
resulted in the underestimation of the true prevalence. However, our analysis included patients with
active use and an established clinical history in the VA and assumed most patients have received most

or all of their medications through the VA, which minimized the potential risk for underestimation.
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This study was reported using the observational routinely collected health data statement for
pharmacoepidemiology (RECORD-PE; Table S9) [41]. A comparative table with all studies cited in

this discussion is available in supplementary materials (Table S10).

Conclusion

PIMs prevalence was high and increased with polypharmacy and hyperpolypharmacy in US veterans
aged 49 -70. Beers, Laroche and PROMPT criteria provides very close estimation of PIMs prevalence
if they are used either inside or outside their target age (middle age or older patients). Furthermore,
regardless of the criteria used, differences in PIMs prevalence between patients aged 49 — 64 and
patients aged 65 — 70 were small or absent, suggesting that PIMs exposure should be addressed as well
in middle aged people as in older people. The most common PIMs were gastrointestinal such as PPIs
and stimulant laxatives, antidiabetics such as sulfonylureas and insulin sliding scale, analgesics and
psychotropics such as NSAIDs, opioids, benzodiazepines and antidepressants. These medications
should be prioritized for deprescribing interventions, especially among patients with polypharmacy
and hyperpolypharmacy. Small differences of patterns were observed according to sex and race
ethnicity suggesting that intervention should target every patient with polypharmacy regardless of age,

sex and race.

14



344

345
346

347
348

349
350

351
352
353

354
355
356

357
358
359

360
361
362

363
364

365
366

367
368

369
370
371

372
373
374

375
376

377
378
379

380
381
382

References

10.

11.

12.

13.

14.

15.

Bourgeois FT, Shannon MW, Valim C, Mandl KD. Adverse drug events in the outpatient
setting: an 11-year national analysis. Pharmacoepidem Drug Safe. 2010 Sep 1;19(9):901-10.

Mallet L, Spinewine A, Huang A. The challenge of managing drug interactions in elderly people.
The Lancet. 2007 Jul 14;370(9582):185-91.

Rollason V, Vogt N. Reduction of polypharmacy in the elderly: a systematic review of the role
of the pharmacist. Drugs Aging. 2003;20(11):817-32.

Jyrkkéd J, Enlund H, Lavikainen P, Sulkava R, Hartikainen S. Association of polypharmacy with
nutritional status, functional ability and cognitive capacity over a three-year period in an elderly
population. Pharmacoepidemiol Drug Saf. 2011 May;20(5):514-22.

Kojima T, Akishita M, Nakamura T, Nomura K, Ogawa S, Iijima K, et al. Association of
polypharmacy with fall risk among geriatric outpatients. Geriatr Gerontol Int. 2011
Oct;11(4):438—44.

Banerjee A, Mbamalu D, Ebrahimi S, Khan AA, Chan TF. The prevalence of polypharmacy in
elderly attenders to an emergency department - a problem with a need for an effective solution.
Int J Emerg Med. 2011 Jun 2;4:22.

Fried TR, O’Leary J, Towle V, Goldstein MK, Trentalange M, Martin DK. Health Outcomes
Associated with Polypharmacy in Community-Dwelling Older Adults: A Systematic Review.
Journal of the American Geriatrics Society. 2014 Dec;62(12):2261-72.

Hajjar ER, Cafiero AC, Hanlon JT. Polypharmacy in elderly patients. Am J Geriatr
Pharmacother. 2007 Dec;5(4):345-51.

Takahashi Y, Nishida Y, Asai S. Utilization of health care databases for pharmacoepidemiology.
Eur J Clin Pharmacol. 2012 Feb 1;68(2):123-9.

Kantor ED, Rehm CD, Haas JS, Chan AT, Giovannucci EL. Trends in Prescription Drug Use
Among Adults in the United States From 1999-2012. JAMA. 2015 Nov 3;314(17):1818-30.

Motter FR, Fritzen JS, Hilmer SN, Paniz EV, Paniz VMV. Potentially inappropriate medication
in the elderly: a systematic review of validated explicit criteria. Eur J Clin Pharmacol. 2018
Jun;74(6):679-700.

By the 2019 American Geriatrics Society Beers Criteria® Update Expert Panel. American
Geriatrics Society 2019 Updated AGS Beers Criteria® for Potentially Inappropriate Medication
Use in Older Adults. J Am Geriatr Soc. 2019 Jan 29;

Davies EA, O’Mahony MS. Adverse drug reactions in special populations — the elderly. Br J
Clin Pharmacol. 2015 Oct;80(4):796-807.

Cooper JA, Ryan C, Smith SM, Wallace E, Bennett K, Cahir C, et al. The development of the
PROMPT (PRescribing Optimally in Middle-aged People’s Treatments) criteria. BMC Health
Serv Res. 2014 Oct 30;14:484.

Guillot J, Maumus-Robert S, Marceron A, Noize P, Pariente A, Bezin J. The Burden of

Potentially Inappropriate Medications in Chronic Polypharmacy. J Clin Med. 2020 Nov
20;9(11).

15



383
384
385

386
387
388

389
390
391

392
393
394

395
396

397
398
399

400
401
402
403

404
405
406

407
408
409
410

411
412
413
414

415
416
417

418
419
420

421
422
423

424
425

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Oktora MP, Alfian SD, Bos HJ, Schuiling-Veninga CCM, Taxis K, Hak E, et al. Trends in
polypharmacy and potentially inappropriate medication (PIM) in older and middle-aged people
treated for diabetes. Br J Clin Pharmacol. 2021 Jul;87(7):2807-17.

Tommelein E, Mehuys E, Petrovic M, Somers A, Colin P, Boussery K. Potentially inappropriate
prescribing in community-dwelling older people across Europe: a systematic literature review.
Eur J Clin Pharmacol. 2015 Dec;71(12):1415-27.

Rentsch CT, Morford KL, Fiellin DA, Bryant KJ, Justice AC, Tate JP. Safety of Gabapentin
Prescribed for Any Indication in a Large Clinical Cohort of 571,718 US Veterans with and
without Alcohol Use Disorder. Alcohol Clin Exp Res. 2020 Sep;44(9):1807—15.

Womack JA, Murphy TE, Bathulapalli H, Smith A, Bates J, Jarad S, et al. Serious Falls in
Middle-Aged Veterans: Development and Validation of a Predictive Risk Model. ] Am Geriatr
Soc. 2020 Dec;68(12):2847-54.

Laroche ML, Charmes JP, Merle L. Potentially inappropriate medications in the elderly: a
French consensus panel list. Eur J Clin Pharmacol. 2007 Aug 1;63(8):725-31.

Rentsch CT, Beckman JA, Tomlinson L, Gellad WF, Alcorn C, Kidwai-Khan F, et al. Early
initiation of prophylactic anticoagulation for prevention of coronavirus disease 2019 mortality in
patients admitted to hospital in the United States: cohort study. BMJ. 2021 Feb 11;372:n311.

Huang CH, Umegaki H, Watanabe Y, Kamitani H, Asai A, Kanda S, et al. Potentially
inappropriate medications according to STOPP-J criteria and risks of hospitalization and
mortality in elderly patients receiving home-based medical services. PLOS ONE. 2019 Feb
8;14(2):0211947.

Khatter A, Moriarty F, Ashworth M, Durbaba S, Redmond P. Prevalence and predictors of
potentially inappropriate prescribing in middle-aged adults: a repeated cross-sectional study. Br J
Gen Pract. 2021 Jul;71(708):e491-7.

Lopez-Rodriguez JA, Rogero-Blanco E, Aza-Pascual-Salcedo M, Lopez-Verde F, Pico-Soler V,
Leiva-Fernandez F, et al. Potentially inappropriate prescriptions according to explicit and
implicit criteria in patients with multimorbidity and polypharmacy. MULTIPAP: A cross-
sectional study. PLoS One. 2020;15(8):e0237186.

Blanco-Reina E, Valdellos J, Aguilar-Cano L, Garcia-Merino MR, Ocaiia-Riola R, Ariza-Zafra
G, et al. 2015 Beers Criteria and STOPP v2 for detecting potentially inappropriate medication in
community-dwelling older people: prevalence, profile, and risk factors. Eur J Clin Pharmacol.
2019 Oct;75(10):1459-66.

Al-Azayzih A, AlAmoori R, Altawalbeh SM. Potentially inappropriate medications prescribing
according to Beers criteria among elderly outpatients in Jordan: a cross sectional study.
Pharmacy Practice. 2019 Jun 5;17(2):1439-1439.

Alhawassi TM, Alatawi W, Alwhaibi M. Prevalence of potentially inappropriate medications use
among older adults and risk factors using the 2015 American Geriatrics Society Beers criteria.
BMC Geriatrics. 2019 May 29;19(1):154.

Agence nationale de sécurité du medicament et des produits de santé (ANSM). Utilisation des
inhibiteurs de la pompe a protons (IPP), Etude observationnelle a partir des données du SNDS,
France, 2015. 2018 Dec.

Metaxas ES, Bain KT. Review of Proton Pump Inhibitor Overuse in the US Veteran Population.
J Pharm Technol. 2015 Aug;31(4):167-76.

16



426
427
428

429
430
431

432
433
434

435
436
437

438
439
440

441
442
443

444
445

446
447
448

449
450
451

452
453
454

455
456
457

458
459
460
461

462
463
464

465
466
467

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Nam YS, Han JS, Kim JY, Bae WK, Lee K. Prescription of potentially inappropriate medication
in Korean older adults based on 2012 Beers Criteria: a cross-sectional population based study.
BMC Geriatr. 2016 Jun 2;16:118.

Bongue B, Laroche ML, Gutton S, Colvez A, Guéguen R, Moulin JJ, et al. Potentially
inappropriate drug prescription in the elderly in France: a population-based study from the
French National Insurance Healthcare system. Eur J Clin Pharmacol. 2011 Dec;67(12):1291-9.

Grina D, Briedis V. The use of potentially inappropriate medications among the Lithuanian
elderly according to Beers and EU(7)-PIM list - a nationwide cross-sectional study on
reimbursement claims data. J Clin Pharm Ther. 2017 Apr;42(2):195-200.

Leikola S, Dimitrow M, Lyles A, Pitkdld K, Airaksinen M. Potentially Inappropriate Medication
Use Among Finnish Non-Institutionalized People Aged >65 Years: A Register-Based, Cross-
Sectional, National Study. Drugs & Aging. 2011 Mar;28(3):227-36.

Goltz L, Kullak-Ublick GA, Kirch W. Potentially inappropriate prescribing for elderly
outpatients in Germany: a retrospective claims data analysis. Int J Clin Pharmacol Ther. 2012
Mar;50(3):185-94.

Barnett K, McCowan C, Evans JMM, Gillespie ND, Davey PG, Fahey T. Prevalence and
outcomes of use of potentially inappropriate medicines in older people: cohort study stratified by
residence in nursing home or in the community. BMJ Qual Saf. 2011 Mar;20(3):275-81.

Benard A, illioti de Gage S, Canarelli T, Cavalié P, Chatila K, Collin C, et al. Etat des lieux de la
consommation des benzodiazépines en France. 2017 Apr.

Panes A, Pariente A, Bénard-Laribiére A, Lassalle R, Dureau-Pournin C, Lorrain S, et al. Use of
benzodiazepines and z-drugs not compliant with guidelines and associated factors: a population-
based study. Eur Arch Psychiatry Clin Neurosci. 2020 Feb 1;270(1):3-10.

Bénard-Laribiére A, Noize P, Pambrun E, Bazin F, Verdoux H, Tournier M, et al. Trends in
incident use of benzodiazepines and Z-drugs in France from 2006 to 2012: a population-based
study. Pharmacoepidemiol Drug Saf. 2017;26(2):162-9.

Bénard-Laribiére A, Noize P, Pambrun E, Bazin F, Verdoux H, Tournier M, et al. Comorbidities
and concurrent medications increasing the risk of adverse drug reactions: prevalence in French
benzodiazepine users. Eur J Clin Pharmacol. 2016 Jul 1;72(7):869-76.

Jirén M, Pate V, Hanson LC, Lund JL, Funk MJ, Stiirmer T. Trends in Prevalence and
Determinants of Potentially Inappropriate Prescribing in the US 2007 — 2012. J] Am Geriatr Soc.
2016 Apr;64(4):788-97.

Langan SM, Schmidt SA, Wing K, Ehrenstein V, Nicholls SG, Filion KB, et al. The reporting of
studies conducted using observational routinely collected health data statement for
pharmacoepidemiology (RECORD-PE). BMJ [Internet]. 2018 Nov 14 [cited 2020 Nov 13];363.
Available from: https://www.bmj.com/content/363/bm;j.k3532

Hudhra K, Garcia-Caballos M, Casado-Fernandez E, Jucja B, Shabani D, Bueno-Cavanillas A.
Polypharmacy and potentially inappropriate prescriptions identified by Beers and STOPP criteria
in co-morbid older patients at hospital discharge. J Eval Clin Pract. 2016 Apr;22(2):189-93.

Lau DT, Mercaldo ND, Harris AT, Trittschuh E, Shega J, Weintraub S. Polypharmacy and

Potentially Inappropriate Medication Use among Community-Dwelling Elders with Dementia.
Alzheimer Dis Assoc Disord. 2010;24(1):56-63.

17



468
469
470
471

472
473
474

475
476
477

478
479

480
481
482

483
484

485
486
487

488
489
490

491
492
493

494
495
496

497
498
499
500
501

502
503
504

505

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Tian F, Yang R, Chen Z, Duan X, Yuan P. The prevalence and factors associated with
potentially inappropriate medication use in Chinese older outpatients with cancer with
multimorbidity. Journal of Geriatric Oncology [Internet]. 2022 Feb 16 [cited 2022 Mar 22];
Available from: https://www.sciencedirect.com/science/article/pii/S1879406822000212

Barnett MJ, Perry PJ, Langstaff JD, Kaboli PJ. Comparison of rates of potentially inappropriate
medication use according to the Zhan criteria for VA versus private sector medicare HMOs. J
Manag Care Pharm. 2006 Jun;12(5):362-70.

Bierman AS, Pugh MJV, Dhalla I, Amuan M, Fincke BG, Rosen A, et al. Sex differences in
inappropriate prescribing among elderly veterans. Am J Geriatr Pharmacother. 2007
Jun;5(2):147-61.

Lund BC, Charlton ME, Steinman MA, Kaboli PJ. Regional differences in prescribing quality
among elder veterans and the impact of rural residence. J Rural Health. 2013;29(2):172-9.

Lund BC, Steinman MA, Chrischilles EA, Kaboli PJ. Beers Criteria as a Proxy for Inappropriate
Prescribing of Other Medications Among Older Adults. Ann Pharmacother. 2011 Nov
1;45(11):1363-70.

Steinman MA, Landefeld CS, Rosenthal GE, Berthenthal D, Sen S, Kaboli PJ. Polypharmacy
and prescribing quality in older people. J] Am Geriatr Soc. 2006 Oct;54(10):1516-23.

Carey IM, Wilde SD, Harris T, Victor C, Richards N, Hilton SR, et al. What Factors Predict
Potentially Inappropriate Primary Care Prescribing in Older People? Drugs Aging. 2008 Aug
1;25(8):693-706.

Jungo KT, Streit S, Lauffenburger JC. Utilization and Spending on Potentially Inappropriate
Medications by US Older Adults with Multiple Chronic Conditions using Multiple Medications.
Archives of Gerontology and Geriatrics. 2021 Mar 1;93:104326.

Lai HY, Hwang SJ, Chen YC, Chen TJ, Lin MH, Chen LK. Prevalence of the prescribing of
potentially inappropriate medications at ambulatory care visits by elderly patients covered by the
Taiwanese National Health Insurance program. Clin Ther. 2009 Aug;31(8):1859-70.

Maio V, Yuen EJ, Novielli K, Smith KD, Louis DZ. Potentially Inappropriate Medication
Prescribing for Elderly Outpatients in Emilia Romagna, Italy: A Population-Based Cohort Study.
Drugs & Aging. 2006 Nov;23(11):915.

Su S, Gao L, Ma W, Wang C, Cui X, Liu T, et al. Number-dependent association of potentially
inappropriate medications with clinical outcomes and expenditures among community-dwelling
older adults: A population-based cohort study. British Journal of Clinical Pharmacology
[Internet]. 2022 Mar 15 [cited 2022 Mar 22]; Available from: https://bpspubs-onlinelibrary-
wiley-com.docelec.u-bordeaux.fr/doi/10.1111/bcp.15286

Varavithya V, Tirapat C, Rojpibulstit P, Poovichayasumlit P, Prasert V, Vatcharavongvan P.

Potentially inappropriate medication use and the hospitalization rate among Thai elderly
patients: a retrospective cohort study. Eur J Clin Pharmacol. 2022 Jan 29;

18



Figures titles

Figure 1: Figure 1 Definition of exposure to chronic polypharmacy and potentially inappropriate
medications (PIMs) in 2016. The example presented defined an individuals who is prevalent of PIMs

and polypharmacy in 2016

Tables titles

Table 1 Characteristics of patients aged 49-70 years in 2016 according to age and sex

Table 2 prevalences of most common potentially inappropriate medications (PIMs) defined by either
combined Beers and Laroche and prevalances of most common PIMs defined by PROMPT criteria in

US veteran patients aged 49-70 years according to polypharmacy in 2016

Table 3 Prevalence of most frequent potentially inappropriate medications (PIMs) defined by
combined Beers and Laroche criteria in patients aged 49-70 years according to age, sex and

polypharmacy in 2016

Table 4 Prevalence of most frequent potentially inappropriate medications (PIMs) defined by
combined Beers and Laroche criteria in patients aged 49-70 years according to race and polypharmacy

in 2016

Table 5 Prevalence of most frequent potentially inappropriate medications (PIMs) defined by

PROMPT criteria in patients aged 49-70 years according to age, sex and polypharmacy in 2016

Table 6 Prevalence of most frequent potentially inappropriate medications (PIMs) defined by

PROMPT criteria in patients aged 49-70 years according to age, sex and polypharmacy in 2016

Supplementary materials titles

Table S1 Drugs identified as potentially inappropriate medications defined by combined Beers and

Laroche criteria according to the VA generic name and specific requirement of the definition.

19



Table S2 Drugs identified as potentially inappropriate medications defined by PROMPT criteria

according to the VA generic name and specific requirement of the definition.

Table S3 Codes from the International classification of disease 9th edition (ICD 9th) used to identify

most frequent chronic diseases and clinical requirements.

Table S4 Characteristics of included patient aged 49 - 70 according to race/ethnicity

Table S5 Prevalence of potentially inappropriate medications (PIMs) defined by combined Beers and

Laroche criteria in patients aged 49-70 years according to age, sex and polypharmacy in 2016

Table S6 Prevalence of potentially inappropriate medications (PIMs) defined by combined Beers and

Laroche criteria in patients aged 49-70 years according to race and polypharmacy in 2016

Table S7 Prevalence of potentially inappropriate medications (PIMs) defined by PROMPT criteria in

patients aged 49-70 years according to age, sex and polypharmacy in 2016

Table S8 Prevalence of potentially inappropriate medications (PIMs) defined by PROMPT criteria in

patients aged 49-70 years according to race and polypharmacy in 2016

Table S9 The RECORD statement for pharmacoepidemiology (RECORD-PE) checklist of items,
extended from the STROBE and RECORD statements, which should be reported in non-interventional

pharmacoepidemiological studies using routinely collected health data

Table S10 Prevalences of PIMs defined by Beers, Laroche and PROMPT criteria according to

polypharmacy in previous international studies

20



i 1 ' i
| | | 1

Not chronic medication

Chronic medication use : 2 6 months (including grace period =20% of last refill duration) \

i 1 month
Chronic polypharmacy : 2 5 chronic medication uses

Figure 1 Definition of exposure to chronic polypharmacy and potentially inappropriate medications (PIMs) in 2016. The
exemple presented defined an individuals who is prevalent of PIMs and polypharmacy in 2016

PPI: Proton pump inhibitor; NSAID: Non-steroidal Anti-Inflammatory Drug



Potentially inappropriate medication use

by level of polypharmacy among US
Veterans 49-64 and 65-70 years old

Supplementary material



Supplementary table 2 The RECORD statement for pharmacoepidemiology (RECORD-PE) checklist of items, extended from the STROBE and RECORD
statements, which should be reported in non-interventional pharmacoepidemiological studies using routinely collected health data

Item No STROBE items RECORD items RECORD-PE items Page No
Title and abstract
1 (a) Indicate the study’s design with a 1.1: The type of data used should be specified in — 1-4
commonly used term in the title or the the title or abstract. When possible, the name of the
abstract. databases used should be included.
(b) Provide in the abstract an informative 1.2: If applicable, the geographical region and
and balanced summary of what was done  timeframe within which the study took place should
and what was found. be reported in the title or abstract.
1.3: If linkage between databases was conducted for
the study, this should be clearly stated in the title or
abstract.
Introduction
Background rationale
2 Explain the scientific background and — — 5
rationale for the investigation being reported.
Objectives
3 State specific objectives, including any — — 5
prespecified hypotheses.
Methods
Study design
4 Present key elements of study design early — 4.a: Include details of the specific study design 6
in the paper. (and its features) and report the use of multiple
designs if used.
4.b: The use of a diagram(s) is recommended
to illustrate key aspects of the study design(s),
including exposure, washout, lag and observation
periods, and covariate definitions as relevant.
Setting
5 Describe the setting, locations, and relevant — — 6-8
dates, including periods of recruitment,
exposure, follow-up, and data collection.
Participants
6 (@) Cohort study—give the eligibility criteria, 6.1: The methods of study population selection (such 6.1.a: Describe the study entry criteria and the 6
and the sources and methods of selection of as codes or algorithms used to identify participants)  order in which these criteria were applied to
participants. Describe methods of follow-up. should be listed in detail. If this is not possible, an identify the study population. Specify whether
Case-control study—give the eligibility explanation should be provided. only users with a specific indication were included
criteria, and the sources and methods of 6.2: Any validation studies of the codes or algorithms and whether patients were allowed to enter the
case ascertainment and control selection. used to select the population should be referenced.  study population once or if multiple entries were
Give the rationale for the choice of cases If validation was conducted for this study and not permitted. See explanatory document for guidance
and controls. Cross sectional study—give published elsewhere, detailed methods and results  related to matched designs.
the eligibility criteria, and the sources and ~ should be provided.
methods of selection of participants. 6.3: If the study involved linkage of databases,
(b) Cohort study—for matched studies, give consider use of a flow diagram or other graphical
matching criteria and number of exposed display to demonstrate the data linkage process,
and unexposed. Case-control study—for including the number of individuals with linked data
matched studies, give matching criteria and at each stage.
the number of controls per case.
Variables
7 Clearly define all outcomes, exposures, 7.1: A complete list of codes and algorithms used 7.1.a: Describe how the drug exposure definition 6-7
predictors, potential confounders, and to classify exposures, outcomes, confounders, and was developed.
effect modifiers. Give diagnostic criteria, if  effect modifiers should be provided. If these cannot  7.1.b: Specify the data sources from which drug
applicable. be reported, an explanation should be provided. exposure information for individuals was obtained.
7.1.c: Describe the time window(s) during which
an individual is considered exposed to the drug(s).
The rationale for selecting a particular time window
should be provided. The extent of potential left
truncation or left censoring should be specified.
7.1.d: Justify how events are attributed to current,
prior, ever, or cumulative drug exposure.
7.1.e: When examining drug dose and risk
attribution, describe how current, historical or
time on therapy are considered.
7.1.f: Use of any comparator groups should be
outlined and justified.
7.1.g: Outline the approach used to handle
individuals with more than one relevant drug
exposure during the study period.
Data sources/measurement
8 For each variable of interest, give sources of — 8.a: Describe the healthcare system and 6

data and details of methods of assessment
(measurement). Describe comparability of
assessment methods if there is more than
one group.

mechanisms for generating the drug exposure
records. Specify the care setting in which the
drug(s) of interest was prescribed.

(Continued)



Supplementary table 2 (Continued)

Item No
Bias

STROBE items

RECORD items

RECORD-PE items

Page No

9

Describe any efforts to address potential
sources of bias.

6-8

Study size

10

Explain how the study size was arrived at.

Quantitative variables

11

Explain how quantitative variables were
handled in the analyses. If applicable,
describe which groupings were chosen,
and why.

6-7

Statistical methods

12

(a) Describe all statistical methods, including
those used to control for confounding.

(b) Describe any methods used to examine
subgroups and interactions.

(¢) Explain how missing data were
addressed.

(d) Cohort study—if applicable, explain

how loss to follow-up was addressed.
Case-control study—if applicable, explain
how matching of cases and controls was ad-
dressed. Cross sectional study—if applicable,
describe analytical methods taking account
of sampling strategy.

(e) Describe any sensitivity analyses.

12.1.a: Describe the methods used to evaluate
whether the assumptions have been met.

12.1.b: Describe and justify the use of multiple
designs, design features, or analytical approaches.

7-8

Data access

and cleaning methods

12

12.1: Authors should describe the extent to which
the investigators had access to the database
population used to create the study population.

12.2: Authors should provide information on the data
cleaning methods used in the study.

6-7

Linkage

12

12.3: State whether the study included person level,
institutional level, or other data linkage across two or
more databases. The methods of linkage and methods
of linkage quality evaluation should be provided.

6-7

Results

Participants

13

(@) Report the numbers of individuals

at each stage of the study (eg, numbers
potentially eligible, examined for eligibility,
confirmed eligible, included in the study,
completing follow-up, and analysed).

(b) Give reasons for non-participation at
each stage.

(c) Consider use of a flow diagram.

13.1: Describe in detail the selection of the individuals
included in the study (that is, study population
selection) including filtering based on data quality,
data availability, and linkage. The selection of included
individuals can be described in the text or by means of
the study flow diagram.

Descriptive data

14

(@) Give characteristics of study participants
(eg, demographic, clinical, social) and
information on exposures and potential
confounders.

(b) Indicate the number of participants with
missing data for each variable of interest.
(c) Cohort study—summarise follow-up time
(eg, average and total amount).

8-9

Outcome data

15

Cohort study—report numbers of outcome
events or summary measures over time.
Case-control study—report numbers in each
exposure category, or summary measures
of exposure. Cross sectional study—report
numbers of outcome events or summary
measures.

8-10

Main results

16

(a) Give unadjusted estimates and, if applica-

ble, confounder adjusted estimates and their
precision (eg, 95% confidence intervals).
Make clear which confounders were adjusted
for and why they were included.

(b) Report category boundaries when
continuous variables are categorised.

(c) If relevant, consider translating estimates
of relative risk into absolute risk for a mean-
ingful time period.

NA
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Item No STROBE items RECORD items RECORD-PE items Page No
Other analyses
17 Report other analyses done—eg, analyses of — — 8-10
subgroups and interactions, and sensitivity
analyses.
Discussion
Key results
18 Summarise key results with reference to — — 10-11
study objectives.
Limitations
19 Discuss limitations of the study, taking 19.1: Discuss the implications of using data 19.1.a: Describe the degree to which the chosen 13
into account sources of potential bias or that were not created or collected to answer the database(s) adequately captures the drug
imprecision. Discuss both direction and specific research question(s). Include discussion of exposure(s) of interest.
magnitude of any potential bias. misclassification bias, unmeasured confounding,
missing data, and changing eligibility over time, as
they pertain to the study being reported.
Interpretation
20 Give a cautious overall interpretation of — 20.a: Discuss the potential for confounding by 14
results considering objectives, limitations, indication, contraindication or disease severity
multiplicity of analyses, results from similar or selection bias (healthy adherer/sick stopper)
studies, and other relevant evidence. as alternative explanations for the study findings
when relevant.
Generalisability
21 Discuss the generalisability (external — — 10-13
validity) of the study results.
Other information
Funding
22 Give the source of funding and the role of - — 2
the funders for the present study and, if
applicable, for the original study on which
the present article is based.
Accessibility of protocol, raw data, and programming code
22 — 22.1: Authors should provide information on how — 2

to access any supplemental information such as the

study protocol, raw data, or programming code.

RECORD=reporting of studies conducted using observational routinely collected data; RECORD-PE=RECORD for pharmacoepidemiological research; STROBE=strengthening the reporting of

observational studies in epidemiology. This checklist has been duplicated from table 1 in BM/ 2018;363:k3532, as a standalone document for readers to print out or fill in electronically.
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