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Abstract

Background—Chronic kidney disease (CKD) afflicts many older adults, and increases the risk
for medication-related adverse events.

Objective—To assess the prevalence and associated morbidity and mortality of polypharmacy
(use of several medications concurrently), and potentially inappropriate medication (P1M) use in
older adults, looking for differences by CKD status.

Methods—We quantified medication and PIM use (from Beers criteria, the Screening Tool of
Older People’s Prescriptions, and Micromedex®) by level of estimated glomerular filtration rate
(eGFR) for participants 65 years or older attending a baseline study visit in the Atherosclerosis
Risk in Communities study (N=6,392). We used zero-inflated negative binomial and Cox
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proportional hazards regressions to assess the relationship between baseline polypharmacy, PIM
use, and subsequent hospitalization and death.

Results—Mean age at baseline was 76 (£5) years, 59% were female, and 29% had CKD (eGFR
<60 ml/min/1.73m?). Overall, participants reported 6.1 (+3.5) medications and 2.3(+2.2) vitamins/
supplements; 16% reported =10 medications; 31% reported a PIM based on their age. On average,
participants with CKD reported more medications. A PIM based on kidney function was used by
36% of those with eGFR <30 ml/min/1.73m2. Over a median of 2.6 years, more concurrent
medications were associated with higher risk of hospitalization and death, but PIM use was not.
While those with CKD had higher absolute risks, there was no difference in the relative risks
associated with greater numbers of medications by CKD status.

Conclusion—Polypharmacy and PIM use were common, with greater numbers of medications
associated with higher risk of hospitalization and death; relative risks were similar for those with
and without CKD.

1. INTRODUCTION

Older adults constitute a vulnerable and growing segment of the population with a
particularly high burden of comorbid conditions like chronic kidney disease (CKD), which
affects up to 40% of older adults in the United States. (1, 2) As a consequence of more
comorbidities, medication use in older adults is high, yet drug metabolism and clearance
may change with age, especially in the setting of CKD. (3) Common in older adults, (4-10)
polypharmacy has been linked to higher risk of adverse drug-drug interactions, (4, 5, 7-9,
11-14) and morbidity and mortality. (11, 15-23)

Another medication-related risk factor that may be associated with morbidity and mortality
in older adults, particularly those with CKD, is potentially inappropriate medication (PIM)
use. (11, 22, 24) Pharmacy and published medication references suggest that PIMs be
avoided or carefully monitored in the setting of older age or CKD to mitigate preventable
adverse effects. Certain drugs and drug metabolites are excreted by the Kidney, necessitating
dose adjustment or drug avoidance in those with reduced kidney function to prevent
potentially toxic exposure levels. (25-28) Studies have suggested that PIM use based on
level of kidney function is common, (12, 13, 29-37) but not always recognized, (7, 12, 13)
with estimates as high as 62-67% in the inpatient and ambulatory setting. (33, 35)
Moreover, medication resources for prescribers often present conflicting recommendations
on appropriate renal-based dosing and contraindication, and have uncertain uptake in clinical
practice. (38-42) Evaluating overall and specific medication use as potentially modifiable
risk factors that might impact health outcomes in older adults is critical.

Several studies have evaluated the risk of hospitalization (17-20, 43) and death (15, 16, 21,
24, 43-51) associated with polypharmacy and PIM use in older populations, but these
studies were limited by homogenous samples, cross-sectional study designs, lack of
information on kidney function, or limited information on the use of over-the-counter
medications. Therefore, we characterized baseline medication use across stages of kidney
function in a community-based cohort of older adults, with a particular focus on medications
deemed “potentially inappropriate” based on kidney function or age, by any one of three
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commonly used drug references: the Beers criteria, the Screening Tool of Older People’s
Prescriptions (STOPP) criteria, and Micromedex®. We then quantified the subsequent risk
of hospitalization and death among those with baseline PIM use and polypharmacy, and
assessed for differences by CKD status.
2. METHODS

2.1. Study population

The Atherosclerosis Risk in Communities (ARIC) study is a long-standing, population-
based, prospective cohort study of 15,792 adults followed since 1987-1989. (52) In brief,
ARIC study investigators recruited participants between 45 and 64 years of age in the United
States from Forsyth County, North Carolina; Jackson, Mississippi; suburban Minneapolis,
Minnesota; and Washington County, Maryland. For this prospective analysis, we included
participants who attended ARIC study visit five (baseline visit), which took place between
June, 2011, and August, 2013 (N=6,544). We excluded participants without a serum
creatinine measurement at visit five (n=96), those with end-stage renal disease as defined by
registration in the United States Renal Data System (n=38), and non-white/non-black
participants (n=18) leaving a total study population of 6,392 participants (Electronic
Supplementary Material Figure S1). ARIC had IRB approval at all study sites and
participants gave informed consent at each visit.

2.2. Measurement of kidney function and other covariates

We defined kidney function by a participant’s estimated glomerular filtration rate (eGFR).
We calculated eGFR using serum creatinine (measured by the modified kinetic Jaffé
method), and the equation developed by the Chronic Kidney Disease Epidemiology
Collaboration. (53) We classified CKD into G-stages (G1= =90 mL/min/1.73m?; G2= 60-89
mL/min/1.73m?; G3a= 45-59 mL/min/1.73m?2; G3b= 30-44 mL/min/1.73m?; G4= 15-29
mL/min/1.73m?2; G5= <15 mL/min/1.73m2). (53) We also categorized participants by level
of albuminuria using their urine albumin to urine creatinine ratio (<30 mg/g, 30-300 mg/g,
>300 mg/g). We defined CKD as eGFR <60 mL/min/1.73m? at visit five, without regard to
CKD duration or level of albuminuria.

We defined diabetes mellitus as a self-reported diabetes diagnosis, or the use of glucose
lowering medications in the previous 30 days, and hypertension as a blood pressure measure
of systolic = 150 mm Hg and diastolic =90 mm Hg, or antihypertensive medication use
during the previous 30 days. For blood pressure measurement, a certified technician
collected three seated measurements using a random-zero sphygmomanometer after 5
minutes of rest, and the mean of the second and third readings was used. We defined heart
failure by self-reported or physician-assessed heart failure, or prior physician-adjudicated
heart failure. We defined cardiovascular disease as prevalent coronary artery disease or
stroke. We ascertained myocardial infraction (MI) since participants’ last ARIC visit using
self-report. Similar to other ARIC investigations, (54) we defined frailty based on five
criteria including weight loss, exhaustion, low energy expenditure, slowness, and weakness;
in this analysis, pre-frail (1-2 criteria) and frail (= 3 criteria) were combined. We calculated
the Charlson Comorbidity Index (CCI) (55, 56) based on data from previous hospitalizations
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using abstracted hospital records that were obtained from data linkages with hospitals in the
proximity of ARIC study sites, or record requests from hospitals outside of those areas. To
ascertain cognitive functioning, we used the Mini-Mental State Examination (MMSE)
questionnaire score. We derived body mass index (BMI) using weight (kilogram) and height
(meter) measurements taken during physical examinations. We also captured low-density
lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides
from fasting blood samples drawn during physical examinations. All other variables, such as
sex, race, age, current smoking status, and alcohol consumption (grams per week) were self-
reported during a structured interview. All definitions were based on information collected at
participants’ visit five assessment.

2.3. Medication use

ARIC study staff captured prescription and over-the-counter (OTC) medication use, as well
as vitamin and dietary supplement use, through structured interviews at visit five.
Participants brought all medications and other products they had used in the prior 30 days to
their study visit. If the participant did not bring their medications, study staff followed-up
over the phone to collect these data. Study staff recorded a maximum of 25 products. Thirty-
eight participants (0.6%) brought more than 25 products to their study visit; therefore, some
product use on those participants was not collected. For the purpose of the current study, we
did not count non-injectable solutions, creams/lotions, and devices as medications, leaving
554 unique medications.

2.4. Medication references

We categorized all 554 unique prescription and OTC oral, inhaled, or injectable medications
by their drug grouping using the generic product identifier classification system. Since
medication use information was obtained without regard to the method of attainment
(prescription vs. OTC) or frequency of dosing (regular vs. as needed), we grouped all
prescription and OTC nonsteroidal anti-inflammatory drugs (NSAIDs) into a combined
NSAID category. We assessed medications in three commonly used drug references for
older adults: American Geriatrics Society Beers 2015 criteria, (57) Screening Tool of Older
People’s Prescriptions (STOPP) version 2 criteria, (58) and Truven Health Analytics online
pharmacy reference Micromedex® 1.0 (Healthcare Series; electronic version; Greenwood,
Colorado; accessed: August, 2016). We identified and cross-referenced medications that
were contraindicated or recommended to avoid based on one’s kidney function in any of the
three references. We also identified and cross-referenced medications that were
contraindicated based on one’s age alone in Beers and STOPP only, as Micromedex®
generally references Beers or STOPP criteria in its age-based recommendations.

Many medications in the Beers and Micromedex® references are noted as contraindicated
according to creatinine clearance or glomerular filtration rate that is not adjusted for body
surface area. In these instances, we converted the participant’s eGFR to unadjusted units
(mL/min) by multiplying the eGFR (mL/min/1.73m?) by their calculated body surface area
divided by 1.73, similar to other investigations. (59, 60) Where an absolute threshold was
not explicitly stated but reference was made to avoid in “significant” or “severe” renal
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impairment, we a priori assumed an eGFR threshold of <30 mL/min/1.73 mZ; when only
“renal impairment” was noted, <60 mL/min/1.73 m2 was used.

2.5. Assessment of polypharmacy and PIM use

We categorized polypharmacy using several categories of total number of prescription or
OTC medications in the last 30 days, excluding the use of other products such as vitamins
and supplements: 0-3 medications, 4-5 medications, 6-9 medications, and 10 or more
medications. We defined kidney-based PIM use as the use of a medication that was
contraindicated or recommended to avoid based on the participant’s kidney function in any
of the medication references. Because dose information was not available, PIM use based on
dose was not assessed. We defined age-based PIM use as the use of a medication noted in
Beers or STOPP as contraindicated in adults age 65 years or older; all participants included
in this study were 65 years or older. We did not include contraindications based on two or
more combined criteria such as contraindications based on one’s age plus an existing
condition, or the use of another medication concomitantly. Where references differed with
respect to kidney function (i.e. Micromedex lists eGFR <45 mL/min/1.73 m2, and STOPP
lists eGFR <30 mL/min/1.73 m? for the same drug), we used the stricter criteria for analyses
(i.e. eGFR <45 mL/min/1.73 m2). In addition, given that we did not have start dates or
duration of use, the use of a medication (e.g. metformin) was counted as potentially
inappropriate in a participant if a drug reference recommended not starting the medication at
their level of kidney function.

2.6. Assessment of hospitalizations and death

ARIC study staff monitor and abstract hospitalization data for ARIC cohort members
through data linkages with local hospitals in proximity to each of the four ARIC sites;
hospitalizations outside of the community area are identified through semi-annual
participant reports, and subsequent record requests are made to obtain data from those
hospitalizations. In this investigation, we included any hospitalization, regardless of the
reason. Vital status was captured through linkages to the National Death Index. Participants’
observation time began at their visit five (baseline visit/index date), and both hospitalizations
and mortality were assessed through December 31, 2014, or participants’ last known contact
with study staff.

2.7. Statistical analysis

We calculated frequencies, means and proportions of cohort characteristics and medication
use, including polypharmacy, kidney-based PIMs, and age-based PIMs, for all participants,
stratified by CKD stage. We assessed trends across CKD G-stages in cohort characteristics,
polypharmacy category, and mean number of medications and vitamins using logistic and
linear regression for binary and continuous variables, respectively, and an ordinal CKD G-
stage variable. We also used independent sample t-tests and two-sample tests of proportions
to compare medication use between CKD and non-CKD participants. We tested for
associations between mean number of medications and CKD stage using univariable and
multivariable linear regressions. We also tested for associations between PIM use and
demographics, comorbidities, and total number of medications using univariable and
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multivariable logistic regressions, where only covariates independently associated with PIM
use (p<0.05) in univariable analyses were included in the multivariable model.

We calculated incidence rates for hospitalization and death per 100 person-years in the full
cohort. We used univariable and multivariable zero-inflated negative binomial regression
with robust variance estimators to calculate incidence rate ratios for hospitalization
comparing categories of polypharmacy, and comparing those with and without PIM use,
assessing for interactions between CKD status and both polypharmacy (categorical) and
PIM use. We used a zero-inflated model to account for frequent zero-value observations and
over-dispersed data. After assessing proportionality using a global test of Schoenfeld
residuals, we performed similar analyses using Cox proportional hazards regression to
evaluate associations with all-cause mortality. In addition, to evaluate for non-linear
associations between the number of medications (continuous) and each of the outcomes, we
modeled total number of medications as a cubic spline using four medications as the
reference; we also assessed for interactions by CKD status. For hospitalization and death
analyses, we assessed age-based PIM use in the full cohort, and kidney-based or combined
kidney- and age-based PIM use among only those with CKD at visit five. In the latter
analyses, we did not include the use of aspirin-containing products as a kidney-based PIM,
since aspirin use was very common in the cohort.

We adjusted all analyses for age, sex, race, BMI, eGFR, LDL cholesterol, HDL cholesterol,
triglycerides, smoking status, alcohol consumption, MMSE score, hypertension, diabetes,
heart failure, cardiovascular disease, self-reported Ml, CCI, frailty, and total vitamins/
supplements. In PIM-based analyses, we additionally adjusted for participants’ total number
of medications (continuous).

All analyses were done using Stata 14 (StataCorp, 2015; College, Station, TX).

3. RESULTS

The study population was 58.7% female, 23.0% African American, and had a mean age of
76.3 years (£5.2) (Table 1). The majority had hypertension (69.8%), and 32.4%, 18.6%,
14.7% had diabetes mellitus, heart failure, and cardiovascular disease, respectively. The
mean Charlson Comorbidity Index (CCI) was 4.2 (£1.8), and mean CCI was greater in
higher CKD stages. The presence of CKD was common, with 29.1% (N= 1,857) of the
cohort having an eGFR <60 mL/min/1.73m2. Twenty-one percent had an albumin-to-
creatinine ratio of 30 mg/g or higher.

Antihypertensive medications were the most commonly-used medication group (N= 4,819,
75.4%), with beta-blockers the most common antihypertensive class (N=2,141, 33.5%)
(Figure 1). Roughly 60% (N=2,859) of those reporting antihypertensive use took two or
more antihypertensive medications, and 25.4% (N=1,225) reported three or more (Electronic
Supplementary Material Figure S2). Lipid-lowering agents were also commonly reported
(N=3,556, 55.6%), with over 10% (N=373) using two or more lipid-lowering agents in the
prior 30 days. The use of diabetes medications was not as common among participants
overall (N=1,272, 19.9%), but many of those reporting use of diabetes medicines reported
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using two or more such treatments (N=532, 41.8%). As for analgesics, opioid medications
were used in 10.5% (N=668) of participants, and of those, 8.4% (N=56) reporting using
more than one opioid during the prior 30 days; the use of NSAID-containing (27.3%) and
aspirin-containing (59.4%) products were much more common overall. The proportion of
participants taking at least one medication within a medication class generally increased
with decreasing eGFR, except for ACE inhibitors, bisphosphonates, antidepressants,
anxiolytic/hypnotic/sedatives, and aspirin-containing and other NSAID-containing products
(Figure 1). Among participants who did not attend visit five, self-reported medication use at
their last 6-month phone interview was similar to those who did attend visit five (Electronic
Supplementary Material Figure S3).

On average, participants reported using 6.1 (+3.5) medications and 2.3 (+2.2) vitamins or
supplements. Overall, 24.3% (N=1,553), 23.7% (N=1,518), 36.0% (N=2,302), and 15.9%
(N=1,019) of the cohort reported using 0-3, 4-5, 6-9, and 10 or more prescription or OTC
medications in the prior 30 days, respectively (Table 2). More than 35% of participants used
10 or more products when the use of medications, vitamins, and supplements were
combined. Use of ten or more medications was more common among participants with CKD
than without CKD (22.7% versus 13.2%, p<0.001). Although participants with CKD
reported using more medications than those without CKD (mean 7.0 versus mean 5.7,
p<0.001), they used slightly fewer vitamins or supplements (mean 2.1 versus mean 2.3,
p<0.001).

The association between higher CKD stage and greater number of medications used
persisted in adjusted analyses. For example, participants with stage G4 or G5 took an
average of 1.32 (95% confidence intervals (CI) 0.73-1.90) more medications than those with
stage G1 or G2 (Table 2). After adjustment, other correlates of greater numbers of
medications included heart failure, cardiovascular disease, diabetes mellitus, hypertension,
self-reported previous M, higher CCl, frailty, female sex, white race (compared to African
American), higher BMI, higher total numbers of vitamins/supplements, higher triglycerides,
lower LDL cholesterol, and lower MMSE (Electronic Supplementary Material Table S1).

Age-based PIM use based on Beers and STOPP criteria occurred in 31.3% (N=2,001) of the
full cohort (Electronic Supplementary Material Electronic Supplementary Material Table
S2), and 32.7% (N=608) of the participants with CKD. The most common age-based PIMs
were first-generation antihistamines, benzodiazepines, oral estrogens, and zolpidem. In
univariable and multivariable analyses, age-based PIM use was associated with higher total
number of medications, CCI, female sex, and no diabetes mellitus or hypertension (data not
shown).

Out of the 554 reported medications, 52 unique medications and 19 NSAID-containing
products were identified as potentially inappropriate based on kidney function in at least one
of the references. Kidney-based PIM use was common among those in CKD stage G4 or G5
(N=36, 35.6%), and somewhat less common in those with CKD stage G3a or G3b (N=223,
12.7%) (Table 3). The most common kidney-based PIMs were metformin (N=42) and
NSAID-containing products (N=632). Some other commonly used kidney-based PIMs
included fenofibrate, spironolactone, gabapentin, alendronate, and hydrochlorothiazide-
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containing products. Among people with CKD, kidney-based PIM use was associated with
lower eGFR, higher total number of medications, female sex, and no self-reported Ml in
univariable and multivariable analyses (data not shown).

Among the 6,379 participants with post-visit 5 follow-up, median follow-up was 2.6 years
(interquartile range: 0.8 years). There were 4,178 hospitalizations in 2,197 cohort members
(34.4%) over 16,111 person-years of follow-up. Overall, the incidence rate for
hospitalization was 26 per 100 person-years (Table 4). Hospitalization incidence increased
with greater number of medications (15, 18, 29, and 49 per 100 person-years for 0-3, 4-5,
6-9, and 10 or more medications, respectively). For each category of polypharmacy,
participants with CKD had higher absolute risks of hospitalization than those without CKD;
however, there were no differences in the relative risks by CKD status (all p for interaction
>0.1). In the continuous analysis, there was a non-linear relationship between total number
of medications and the risk of hospitalization (Figure 2), with no statistically significant
difference by CKD status. Compared to four medications, the use of five medications was
associated with a 15% higher risk of hospitalization (95% CI: 7%—24%), with increasing
numbers of medications associated with increasing risk after five medications. With respect
to PIM use, although those with age- or kidney-based PIM use had higher hospitalization
rates than those without, these risks did not persist in adjusted analyses.

There were 344 deaths during the follow-up period, with an incidence rate of 2 deaths per
100 person-years (Table 4). Similar to hospitalization, incidence of death increased with
greater number of medications (1, 1, 3, and 4 per 100 person-years for 0-3, 4-5, 6-9, and 10
or more medications, respectively). For each category of polypharmacy, participants with
CKD had higher absolute risks of death than those without CKD; however, like
hospitalization, there were no differences in the relative risks by CKD status (all p for
interaction >0.1). In continuous analysis, there was a non-linear relationship between total
number of medications and the risk of death (Figure 3), with a suggestion of higher risk with
less than four medications. There was no statistically significant difference in the association
of total number of medications and mortality by CKD status. Compared to four medications,
the use of five and six medications were not associated with increases in risk, but seven
medications was associated with a 60% increase in the risk of death (95% CI: 12%-128%),
with increasing numbers of medications associated with increasing hazard ratios until
plateauing after 11 medications. Age- or kidney-based PIM use was not associated with
death.

4. DISCUSSION

In this community-based cohort of older adults, approximately one in six participants used
10 or more medications, and more than one in three used 10 or more products when the use
of medications, vitamins, and supplements were combined. Higher numbers of medications
were more common among those with lower eGFR, and were associated with greater risks
of hospitalization and death. Age-based PIM and kidney-based PIM use were also common
in the cohort, but were associated with hospitalization only in unadjusted analyses, and not
associated with mortality risk. Our findings underscore the value of routine assessments of
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medication use among older adults, and suggest that minimizing unnecessary medication use
may be an approach to reducing morbidity and mortality.

Some have hypothesized that polypharmacy may be a surrogate marker of inappropriate
medication use as it can increase the risk of adverse drug effects (ADES), (5, 9) and adverse
drug-drug and drug-disease interactions. (14) A study by Onder et al (18) found that the
primary risk factor for ADE-related hospitalization in older adults was polypharmacy. Other
studies have assessed the risk of mortality in older adults with polypharmacy, and how
various comorbidities differentially affect that risk. (15, 16, 21) A recent study by Schéttker
et al (15) observed that those taking 10 or more medications with fewer concurrent
comorbidities had a higher relative risk of non-cancer mortality than those with more
concurrent comorbidities. We hypothesized that the interaction between polypharmacy and
comorbidities might be driven in part by the presence of CKD, where ADEs are particularly
common (40, 61, 62); however, we found similar risk relationships associated in persons
with and without CKD.

An interesting finding from this study was the non-linear relationship between total number
of medications and mortality. Our results suggested a potentially higher mortality risk
among participants with fewer medications. Although not significant, the U-shaped
association between total number of medications and mortality could represent medication
underuse, but perhaps it is more likely a result of residual confounding with providers
reducing the number of medications in patients with poorer health status. Participants using
higher numbers of medications generally had a higher mortality risk, which may reflect a
more severe disease phenotype.

Surprisingly, both kidney- and age-based PIM use were not associated with adverse
outcomes in our study. While prior studies have been somewhat equivocal with respect to
these associations, our results differ from those which showed an increased risk in morbidity
and mortality associated with PIM use. (24, 44-47) Our null results suggest that the risks
associated with PIM use in older adults may be minimal due to an increase in provider
monitoring, or may be specific to certain medications used in specific clinical situations not
captured in a community-based cohort. For example, most kidney-based PIM use was due to
metformin and NSAIDs, and metformin use at lower eGFRs is now increasingly recognized
as acceptable clinical practice. There is also the potential for channeling bias, whereby only
healthy or adherent people were prescribed medications deemed contraindicated, and in
whom the benefits were considered to outweigh any apparent risks. It is also possible that
using a “prevalent user” design selected out participants susceptible to the effects of PIM
use, leaving only patients where these medications could be tolerated. (24) The observed
reductions in the reported number of vitamins and supplements with decreasing levels of
kidney function in this study suggest that patients may heed some provider warnings about
PIM use; however, the high proportion of NSAID use seen in those with CKD runs counter
to that suggestion. Regardless, coordinated prescribing and an increase in clinical
assessments of common physiological changes as a result of aging, including reduced
kidney function, could further prevent inappropriate or unnecessary medication use. (11, 63)
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One major impediment to preventing age- or kidney-based PIM use is the inconsistency
between medication guidelines for older adult patients (39) and those with reduced kidney
function. (38, 40, 41) There is no gold standard reference with which to determine
contraindication in either group, which can lead to confusion on appropriate prescribing.
This can also lead to inconsistent findings between studies with different operationalized
definitions of PIM use, and may be a reason why this and some other investigations have
observed a null result with respect to PIM use. (21, 43, 48-51) In this analysis, we found
that the accessed medication references often varied in which drugs were contraindicated or
recommended to avoid based on kidney function, used several different kidney function
metrics, and in several instances, provided only qualitative guidelines without a specific
level of kidney function noted. This lack of granularity may be a result of expansive
exclusion criteria, such as older patients and those with CKD, in pre-market
pharmacokinetic and safety studies. (64) In the absence of such data, recommendations may
be quite subjective; moreover, medication resources often inconsistently report what data
were used to formulate a recommendation. (39, 41)

Our study had several strengths. The ARIC cohort is a well-established cohort of older
adults from several geographically diverse communities. Because cohort members have a
comprehensive physical exam at study visits, rich clinical data exist on each participant,
including labs. Actual medication use was captured, rather than dispensed medications, and
OTC medications, vitamins and supplements are also recorded.

Our study also had several limitations. Analyses were limited to participants who attended
visit five and may not include participants unable to attend based on their health status;
however, for those who did not attend, last reported medication use from phone interviews
was similar to those included in the study cohort. Because medication use was captured as
any use in the prior 30 days at a single visit, contraindicated drug-drug interactions and
concurrent duplicate medication use could not be assessed. We could not assess PIM use
with respect to dosing as dose information was unavailable. Medication use was captured
through a patient inventory at their study visit and was therefore dependent on the
participant bringing in the medications, or self-reporting use in the prior 30 days. Few
patients had eGFR <45 ml/min/1.73 m2, and we had no information on specialist care. If
medication management was undertaken by a kidney specialist in those with more advanced
CKD, medication-related adverse events may be mitigated, possibly contributing to the lack
of effect modification by CKD status. As with any pharmacoepidemiologic investigation,
despite controlling for numerous confounders, residual confounding by indication is
possible. Finally, this study used a “prevalent user” design rather than assess risk after
exposure initiation, therefore the population may lack persons who experienced adverse
events early during polypharmacy or PIM use.

5. CONCLUSIONS

We found that polypharmacy and PIM use were relatively common in older adults, and that
higher numbers of medications were associated with higher risk of hospitalization and
mortality. Unexpectedly, while age- and kidney-based PIM use were common, they were not
associated with hospitalization or mortality after adjustment for other covariates. Although
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CKD was associated with higher absolute risk of hospitalization and death across all
categories of medication use, the relative risk associated with greater number of medications
was not different by CKD status. Greater coordination of care across providers may help to
reduce the prevalence of polypharmacy and PIM use in populations who are particularly
vulnerable to adverse events from medications.
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. It is common for older adults to use several medications at the same time and

. While medication use deemed inappropriate based on one’s age or kidney

. Greater coordination of care across providers may help to reduce the

Key points

to use medications that are deemed inappropriate based on one’s age or
kidney function.

function was not associated with a greater risk of hospitalization or death in
older adults, using greater numbers of medications was associated with a
greater risk of hospitalization and death.

prevalence of polypharmacy and PIM use in populations vulnerable to
adverse events from medications.
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Figure 1. Proportion of participants reporting at least one medication in the prior 30 days, by
category of medications

Categorized by estimated glomerular filtration rate (€GFR); units in mL/min/1.73m?2
Key: Nonsteroidal anti-inflammatory drug (NSAID); Angiotensin-converting-enzyme
(ACE) inhibitor or ACE combination product; Angiotensin Il receptor blockers (ARB) or
ARB combination product; Antihypertensive includes diuretics, beta-blockers, calcium
channel blockers, ACE/combination, and ARB/combination
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Figure 2. Risk of hospitalization across total number of medications
Key: Histogram depicts the distribution of total number of medications in the cohort (right

y-axis). The solid black line (black dashed lines are 95% confidence interval) is the adjusted
incidence rate ratio, representing the average (covariates were centered at cohort means)
participant’s risk of hospitalization across total number of medications, relative to the
reference (4 medications). Model was adjusted for estimated glomerular filtration rate,
hypertension, cardiovascular disease, diabetes, heart failure, self-reported myocardial
infarction, Charlson Comorbidity Index, frailty, sex, race, Age, Body Mass Index, current
smoking status, current alcohol use, Mini-Mental State Evaluation, high-density
lipoproteins, low-density lipoproteins, triglycerides, and total vitamins/supplements.
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Figure 3. Risk of death across total number of medications
Key: Histogram depicts the distribution of total number of medications in the cohort (right

y-axis). The solid black line (black dashed lines are 95% confidence interval) is the adjusted
hazard ratio, representing the average (covariates were centered at cohort means)
participant’s risk of death across total number of medications, relative to the reference (4
medications). Model was adjusted for estimated glomerular filtration rate, hypertension,
cardiovascular disease, diabetes, heart failure, self-reported myocardial infarction, Charlson
Comorbidity Index, frailty, sex, race, age, Body Mass Index, current smoking status, current
alcohol use, Mini-Mental State Evaluation, high-density lipoproteins, low-density
lipoproteins, triglycerides, and total vitamins/supplements.
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