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Abstract

Rationale & Objective: Adults with chronic kidney disease (CKD) may be at increased
risk of adverse effects from use of potentially inappropriate medications (PIMs). Our objective
was to assess whether PIM exposure has an independent association with CKD progression,
hospitalizations, mortality, or falls.

Study Design: Retrospective observational study.

Setting & Participants: Chronic Renal Insufficiency Cohort (CRIC) study; 3,929 adults with
CKD enrolled 2003-2008 and followed prospectively until December 2011.

Exposure: PIM exposure was defined as prescriptions for any medications to be avoided in older
adults as defined by the 2015 American Geriatrics Society Beers Criteria.

Outcome: Hospitalization count, death, a composite kidney disease end point of CKD
progression or initiation of kidney replacement therapy (KRT), KRT, and fall events assessed
1 year after PIM exposure.

Analytical Approach: Logistic regression and Poisson regression to estimate the associations of
PIM exposure with each outcome.
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Results: The most commonly prescribed PIMs were proton pump inhibitors and a-blockers. In
unadjusted models, any PIM exposure (compared to none) was associated with hospitalizations,
death, and fall events. After adjustment, exposure to 1, 2, or =3 PIMs had a graded association
with a higher hospitalization rate (rate ratios of 1.09 [95% CI, 1.01-1.17], 1.18 [95% ClI, 1.07—
1.30], and 1.35 [95% CI, 1.19-1.53], respectively) and higher odds of mortality (odds ratios of
1.19 [95% Cl, 0.91-1.54], 1.62 [95% Cl, 1.21-2.17], and 1.65 [95% ClI, 1.14-2.41], respectively).
In a cohort subset reporting falls (n = 1,109), prescriptions for =3 PIMs were associated with an
increased risk of falls (adjusted OR, 2.85 [95% ClI, 1.54-5.26]). PIMs were not associated with
CKD progression or KRT. Age did not modify the association between PIM count and outcomes.

Limitations: Measurement bias; confounding by indication.

Conclusions: Adults of any age with CKD who are prescribed PIMs have an increased risk
of hospitalization, mortality, and falls with the greatest risk occurring after more than 1 PIM
prescription.

Graphical Abstract
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Adults with chronic kidney disease (CKD) of all ages have a greater risk of geriatric
complications compared with an age-matched general population.12 Geriatric conditions
known to coexist with CKD include frailty, cognitive dysfunction, and impaired physical
function,3-> and these geriatric conditions likely contribute to the increased risk of both
mortality and hospitalizations in adults with CKD.%7 Notably, risk of mortality and
hospitalizations are both increased among older adults taking American Geriatrics Society
(AGS) Beers Criteria potentially inappropriate medications (PIMs), which are medications
that carry more risk of harm than benefit in older adults.8-10 Although the AGS Beers
Criteria have offered guidance for prescribing for older adults, the frequency of use and
association of these medications with adverse outcomes in the adult CKD population has not
been well studied.

The altered pharmacokinetics of many medications are likely to be compounded in older
patients in CKD.11:12 Adults with CKD also tend to have polypharmacy, and the increased
prevalence of conditions such as cardiovascular disease (CVD) and hypertension results

in even higher rates of PIM use.13 Although some studies have shown PIMs are common
in older adults with CKD,1415 it is paramount to understand whether PIMs independently
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contribute to adverse outcomes in the CKD population. With that information, providers will
have additional guidance for PIM prescribing decisions. We examined data from participants
in the Chronic Renal Insufficiency Cohort (CRIC) study to determine the prevalence of
PIMs and the extent of an independent association between PIMs and adverse outcomes,
including death, hospitalization, falls, and progression of kidney disease in participants of
any age.

Study Design and Population

The CRIC study commenced in 2003 with phase | enroliment completed in 2008, and
continued follow-up observation still ongoing. The cohort study design was described
previously elsewhere.16:17 CRIC participant eligibility included age 21 to 74 years old
with age-specific estimated glomerular filtration rate (eGFR) eligibility criteria of 20-70
mL/min/1.73 m2, from 7 US centers with 13 clinical sites, and with institutional review
board approval at each site. All participants provided written informed consent, and the
research was conducted in accordance with the principles of the Declaration of Helsinki.

Briefly, CRIC participants underwent annual in-center visits during which they provided
demographic information, medical history and status update, vital signs, blood and urine
samples, and other survey-based information. Using this cohort, we identified participants
with medication records as of December 1, 2011 (n = 3,930). Among those, we identified
participants who had annual study visit data to include in this longitudinal study to estimate
risks of hospitalization, death, and kidney disease outcomes associated with exposure to
PIMs (n = 3,929). In a subcohort with available data (n = 1,109) derived from an ancillary
study of vitamin D and frailty with identical inclusion and exclusion criteria,* we also
estimated risk of falls and its association with exposure to PIMs.

Medication Ascertainment

Since the study’s inception, the coordinators have recorded the CRIC participants’
prescription and over-the-counter medications, herbal and dietary supplements, and vitamins
from 30 days preceding each study visit. To reduce recall bias, participants were asked to
maintain a medication list or bring the medications with them to the visits. The drug name,
frequency, total daily dosage, dosage units, and administration route were documented.
Individual medications were identified using the First Databank dictionary for common
medications and supplements available on the market.

Identification of Potentially Inappropriate Medications

We identified PIMs designated in the 2015 AGS Beers Criteria as medications to

avoid for many or most older adults (Table S1).18 These medications were selected

because the majority are not primarily renally cleared, and there is limited evidence

on adverse outcomes of these medications in general adults with CKD. These PIMs

include the following therapeutic classes: anticholinergics, antithrombotics, anti-infectives,
cardiovascular medications, central nervous system medications, endocrine, gastrointestinal,
genitourinary, and pain medications. PIM exposure was updated at each annual visit. As a
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result, a participant with PIM exposure at one visit was not assumed to have PIM exposure
at subsequent annual visits.

We examined 5 separate outcomes within a year after PIM exposure: (1) number of all-
cause hospitalizations; (2) death, comprising all deaths, irrespective of initiation of kidney
replacement therapy (KRT); (3) KRT; (4) a composite Kidney disease outcome of KRT and
halving of eGFR from baseline ascertained from laboratory results obtained at the next
annual visit; and (5) occurrence of a fall event (in a subcohort). Hospitalizations and falls
(only in the subcohort) from the prior year were ascertained during interviews at annual
study visits.

In the subcohort, annual visits included a separate assessment for falls during which a fall
was defined as falling on the ground or at some other level, excluding sports-related falls in
the prior 3 months. Death was ascertained through report from next of kin, retrieval of death
certificates or obituaries, review of hospital records, and linkage with the Social Security
Mortality Master File.1® GFR was estimated annually using the CRIC GFR estimating
equation.29 KRT was defined as initiation of dialysis or kidney transplantation as ascertained
by CRIC study personnel and cross-reference to the US Renal Data System.2! Participants
were followed until study withdrawal, loss to follow-up, or the end of the follow-up period
(December 2011), whichever occurred first.

We identified the following covariates ascertained at baseline and updated at annual study
visits: age, sex, race/ethnicity, participant’s clinical center (geographic site of enrollment),
eGFR, body mass index (BMI), comorbidities—diabetes (defined as self-reported or use
of diabetes medications), cardiovascular disease (defined as self-reported coronary disease,
prior revascularization, heart failure, stroke, or peripheral vascular disease), hypertension
(defined as blood pressure [BP] of >140/90 or self-report of antihypertensive use), arthritis
(defined as self-reported rheumatoid arthritis)—history of nephrology care, and medication
count (prescription and nonprescription medications within the prior 30 days).

Statistical Methods

Baseline demographics and clinical characteristics were reported as proportions for
categorical variables and as mean with standard deviation (SD) for continuous variables,
stratified by PIM exposure during the entire follow-up period. We counted the number of
PIMs reported at each clinic visit. We also estimated the prevalence of each PIM category as
the number of study visits with PIM medicines reported from each PIM category divided by
the total number of visits and compared between 3 age groups: <65, 65-70, and >70 years,
based on the age at the time of annual visit. The >70 age group was delineated from ages
65-70 to examine the characteristics and PIM use of the cohort’s oldest older adults.

Logistic regression was used to estimate the association of number of PIMs (1, 2, and 3 or
more vs no PIM exposure) with each of the following outcomes that had occurred within 1
year of an annual study visit at which the PIM exposure was reported or measured: death,
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fall event, KRT, and composite of KRT and halving of the baseline eGFR. Robust variance
estimation was used to account for repeated measures per individual.22 Similarly, Poisson
regression with robust variance estimation was used to estimate the association of PIM
exposure with number of hospitalizations within 1 year of PIM exposure.

To control for measured confounding, all models were sequentially adjusted: model 1
(demographics, participant site), model 2 (model 1 covariates plus eGFR, BMI, diabetes,
CVD, hypertension, arthritis, and prior nephrology care), and model 3 (model 2 covariates
plus medication count). All covariates in the model were updated over time.

To examine whether the association of PIM exposure with outcomes may be modified by
age or medication count, we performed separate tests for interaction between PIM exposure
and age and PIM exposure and medication count (dichotomized at the median medication
count) using variables from each study visit. Additional analyses included: (1) separated
models in which the cohort was stratified by age group (<65 and =65) and each model

was repeated to examine the risk associated with any PIM exposure (compared with none);
(2) sensitivity analyses to examine if modeling results were sustained when the number of
hospitalizations in the prior year was added as a covariate to model 3 or in a subgroup

of visits at which eGFR < 45 mL/min/1.73 m?; and (3) repeated models of mortality and
hospitalizations to assess the risk associated with selected individual PIM classes (compared
with not having the specific PIM) that were both frequently used and highly prevalent
among participants who died.

In addition, we reported the most prevalent PIM classes, stratified by age categories
among those who died during the follow-up period. Participants with missing covariates
were excluded from multivariable analyses. Among covariates, there were low rates of
missingness, with the highest detected for BMI (3.6%), arthritis (2.6%), and hypertension
(0.2%) across all visits. All statistical analyses were performed with SAS, version 9.4.

Cohort Characteristics

Of 3,930 participants, 3,929 met criteria for inclusion in our analytic cohort (Fig S1). The
mean age in our analytic cohort was 58 years, and the mean age for the subcohort (for falls
outcome) was 63 years.# In the larger analytic cohort, 2,789 (71.0%), 741 (18.9%), and 399
(10.2%) were aged <65, 65-70, and >70 years, respectively.

The majority of the cohort, 80% (n = 3,151), had a history of PIM use (mean PIM count

was 1.2 + 1.1 [SD]). Those with history of PIM use (vs without) were older, were more
likely to be female, Black race, have a BMI >30 kg/m?, have cardiovascular disease, have
arthritis, and take more medications, and they had lower urinary protein-creatinine ratios
versus participants without (Table S2). The proportion with a history of PIM use increased
by age group: for those aged <65, 65-70, and >70 years they were 78.9% (n = 2,200), 82.1%
(n =608), and 85.9% (n = 343), respectively (Fig 1). With each older age group, those with
(vs without) PIM exposure had similarly greater comorbidity burden, eGFR reduction, and
receipt of nephrology care (Table 1).

Am J Kidney Dis. Author manuscript; available in PMC 2022 December 01.
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PIM Prevalence

In descending order, the 3 most common PIMs in the cohort were proton pump inhibitors
(PPIs), a-blockers, and nonsteroidal anti-inflammatory drugs (NSAIDs) (Table 2). The
participants older than 70 years had the highest rates of PPIs and a-blockers, digoxin,

and non-benzodiazepine benzodiazepine receptor agonist hypnotics (or Z-drugs). Meanwhile
those in younger age groups had higher rates of NSAID, anticholinergic, antidepressant,
muscle relaxant, and estrogen use.

PIMs and Adverse Outcomes

In unadjusted models, compared with those with no PIMs, exposure to 1, 2, and =3 PIMs
had a graded association with hospitalizations, death, and fall events (Table 3). In fully
adjusted models, this graded association of PIM exposure with hospitalization and death
within a year persisted (Table 3). In the vitamin D subcohort, the increased odds of a

fall event were sustained after covariate adjustment in participants with 3+ PIMs but not
so in those with fewer than 3 PIMs (OR, 2.85 [95% CI, 1.54-5.26]). In both unadjusted
and adjusted models, there was no association between PIM exposure and kidney disease
outcomes. Age and total medications did not modify the association between number of
PIMs and each outcome.

In post hoc analysis, adjusted models stratified by age demonstrate that participants aged
<65 years with any PIM exposure had an increased risk of death (compared with those in
the same age group with no PIMs) (Fig 2). However, the participants aged =65 years with
any PIM exposure did not have increased risk of death (compared with those in the same
age group with no PIMs). Our 2 sensitivity analyses (adding number of hospitalizations in
the prior year as a covariate and restriction to visits with eGFR <45 mL/min/1.73 m2) show
the associations of PIM exposure with each outcome were mostly sustained (Tables S3 and
S4). The PIMs with the highest prevalence among those who experienced death were PPIs,
a-blockers, central a-agonists, antidepressants, and anticholinergics (Table S5). In separate
models, we found the participants with PPIs or a-blockers (compared with those without
either PIM) did not have an increased risk of death within the next year, but there was

an association of having PPIs with experiencing hospitalization within a year in the fully
adjusted model (rate ratio, 1.13 [95% CI, 1.04-1.23]) (Table S6).

Discussion

In this retrospective study of CRIC participants, we describe prevalence and risk of harm
associated with PIMs in the adult CKD population. PIMs were used by 80% of the cohort,
were increasingly prevalent at older ages, and represented medication classes for common
CKD comorbid conditions (eg, hypertension, depression, gastroesophageal reflux disease).
Reported PIM use had a graded association with hospitalizations, death, and to a lesser
extent falls, but not with progression of CKD. Older age did not increase the strength

of association of PIMs with adverse outcomes; however, adults aged <65 with at least 1
PIM (compared with similarly aged cohort members without PIM exposure) had increased
risk of death within a year. These findings suggest additional evidence is needed to guide
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prescribing of PIMs in the general adult CKD population regardless of age to both minimize
adverse outcomes and optimally manage comorbid conditions.

Our study importantly adds to the literature because our analyses were not limited to older
adults and uniquely identified that PIMs can contribute to adverse outcomes in community-
dwelling adults with CKD with no variation in risk across age groups. Similar to our
findings, several studies that focused on the general older adult population have shown

an association between PIMs and hospitalizations, falls, and mortality.23-25 However, one
recent study of community-dwelling older adults, including some with CKD, did not find
an association between PIMs and hospitalization or death.1* Compared with our study, that
study’s cohort had a smaller proportion (29%) with CKD and fewer adverse events. Unlike
prior studies, our study examined Kidney disease outcomes, revealing that PIMs are not
associated with an increased risk of CKD progression.

Although individual medication classes have been associated with adverse outcomes in
adults with CKD (eg, PPIs and NSAIDs),26:27 the PIMs evaluated in our study represent
several therapeutic categories. This heterogeneity supports the idea that using a PIM could
be a surrogate for other unmeasured factors related to comorbidity burden, such as poor
health status, that contribute to morbidity and mortality.28 PIMs have been associated with
incident frailty, which could itself drive adverse outcomes.2? In part, this unmeasured
factor could explain why we found an increased risk of mortality among adults aged

<65 with at least 1 PIM compared with those in the same age group with no PIMs.

The heterogeneity of the PIMs represented in our exposure variable could also point

to a commonly observed series of events that can possibly occur if, as the result of

patient complications from PIM use, adverse drug events led to a prescribing cascade and
subsequent acute hospitalizations.39 Additionally, seeing multiple providers through many
health care visits can increase the risk of a patient using PIMs and their association with
future adverse events.31.32

Because post hoc analyses show differential association with death and hospitalization
outcomes for individual medication classes (a-blockers and PPIs), we acknowledge that all
PIMs may not carry the same risk of harm. These findings highlight the need for additional
studies to understand the risks attributable to individual medication classes in the AGS Beers
Criteria and the mechanisms by which these medications classes may heighten the risk of
harm in the adult CKD population.

Although our findings suggest age and eGFR had minimal impact on our risk estimates,
there remains a need to consider the possibility that CKD itself may contribute to the
association between PIM use and adverse outcomes. Because our cohort is limited to adults
with CKD, our findings may imply that CKD itself may increase susceptibility to PIM
complications. Further research is warranted, but mechanistic studies suggest that CKD-
associated inflammation and mineral metabolism derangements yield premature aging.33 As
a result, this premature aging could manifest as lower physiologic reserve when adverse
drug events occur.3* However, not all CRIC participants with PIMs experienced morbidity
and mortality; therefore, additional research is needed to understand whether there is a
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causal pathway and to identify the patient characteristics, instead of age and eGFR, that may
modify risk.

This study has implications for clinical practice. This study revealed that 80% of adults of
all ages with CKD reported taking PIMs, suggesting that the AGS Beers Criteria holds value
as guidance for prescribing in both younger and older adults with CKD. The absence of an
association of PIM exposure with kidney disease progression in our study, even among a
subgroup of visits among participants with an annual eGFR of <45 mL/min/1.73 m2, may
provide reassurance on the independence of these drugs’ safety profile with regard to kidney
function. However, PIMs are not limited to medications that require adjustment for kidney
function, so providers should be alert to medications—PIM or non-PIM—that have reduced
clearance in CKD.

The most prevalent PIMs in this cohort are medications prescribed for significant
comorbidities, such as hypertension, benign prostatic hypertrophy, diabetes, and depression,
so it might be challenging to deprescribe all PIMs. Instead, providers are encouraged to
promote non-pharmacologic interventions, repeatedly inquire about the continual need for
specific PIMs, taper PIM doses when possible, and discuss potential risks with patients
about PIMs use. Overall, providers should continue to employ an individualized approach
to clinical decision making. Meanwhile, there is a need for future studies that elucidate
which patients are at increased risk of adverse events from these medications to facilitate
prescribing decisions.

This study’s strength lies in the robust and unique data collection inherent to the CRIC
study; however, there are limitations. First, measurement bias related to ascertainment

of PIMs from self-report may not account for medication adherence, underreporting of
PIM combination pill use, and unknown medication dose and duration of use. Second,
confounding by indication could not be captured in our analyses and may explain treatment
choices for some medications, especially among participants who may have received
palliative or hospice care during the observation period.

Our study design captures a heterogeneous group of PIMs in our exposure variable, so

we are unable to report whether all PIMs are truly unsafe for this population. Analyses of
each PIM class that minimize confounding by indication through new-user design and/or
high-dimensional propensity score matching would be ideal for ascertaining risk.3® Second,
our PIM list was not derived from the more recent 2019 AGS Beers Criteria.® However, the
similarities between the lists suggest our findings would be unchanged with the updated list.
Finally, only ~20% of our cohort had eGFR < 30 mL/min/1.73 m2, so our findings may

not be specifically generalizable to this subpopulation who are highly likely to experience
adverse drug reactions.38 Still, our study captured a broad spectrum of the CKD population.

In summary, these analyses of PIM use and risk of harm in the CRIC cohort demonstrate
that PIM use is very common and is associated, in a graded manner, with hospitalizations
and death in an adult CKD population irrespective of age. Because many of these PIMs
are indicated for common comorbidities, additional studies are needed to understand and
minimize these risks.
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PLAIN-LANGUAGE SUMMARY

Potentially inappropriate medications (PIMs) bring more risk of harm than benefit in
older adults. The frequency of use of these medications and their association with
adverse outcomes in the adult population with CKD has not been well studied. To
address this knowledge gap, we examined data from participants in the Chronic Renal
Insufficiency Cohort (CRIC) study to determine the prevalence of PIM prescriptions and
the association between PIMs and adverse outcomes, including death, hospitalization,
falls, and progression of kidney disease. The most commonly used PIMS were proton
pump inhibitors, a-blockers, and nonsteroidal anti-inflammatory drugs (NSAIDs). The
first 2 were used more frequently in older study participants, and NSAIDs were more
commonly used by the younger participants. Study participants, regardless of age,

were more likely to have an increased risk of hospitalization, mortality, and falls after
prescriptions for PIMs, with the greatest risk occurring with prescriptions for more than 1
type of PIM.
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Figure 1.
Proportion of potentially inappropriate medications (PIM) by age group. The percent

represents the number of clinic visits during which PIMs were reported divided by total
number of clinic visits.
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Figure 2.
Association of any potentially inappropriate medication (PIM) exposure and adverse

outcomes stratified by age group. Models repeated separately for age <65 and age =65 and
adjusted for demographics, study site, estimated glomerular filtration rate, body mass index,
diabetes, cardiovascular disease, hypertension, arthritis, prior nephrology care, medication
count, all were updated over time. Fall defined as fall within 3 months of medication
exposure. Renal composite outcome is defined as initiation of KRT or halving of baseline
estimated glomerular filtration rate. Reference group for each model was participants with
no PIMs within the same age group. Abbreviations: KRT, kidney replacement therapy; aOR,
adjusted odds ratio; aRR, adjusted rate ratio.
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