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Supplementary Methods

Cohort construction:

Supplementary Figure S1 shows the flow chart used to identify individuals included in
the study. We identified persons with dementia (PWD) based on a previously validated algorithm
developed by Hurd et al.! This algorithm was developed using data from the Aging,
Demographics, and Memory Study (ADAMS), a sub-study from the 2000 and 2002 waves of the
Health and Retirement Study (HRS) in which a random sample of participants aged 70 years and
older underwent full neuropsychological evaluations.? An ordered probit model was developed
using predictors such as age, sex, education, cognitive test results, and physical functioning to
classify individuals in subsequent HRS waves as having dementia. We used a predicted dementia
probability >0.5 with this algorithm to classify individuals as having probable dementia. This
algorithm has been shown to have good accuracy in validation studies.®

Once an individual was classified as having dementia at a specific HRS interview wave,
that individual was then classified as having dementia for all subsequent interview waves. For
individuals classified as having dementia with only one interview wave available, we used this
interview wave as the index date to obtain medication information in the previous year. For
individuals with multiple HRS interview waves having a classification of dementia, we randomly
selected one of their interview waves to use as the index interview wave for which all medication
information was obtained in the year prior. We prioritized the waves in which the individual was
selected for the enhanced face to face interview as this would allow us to collect information on
their hemoglobin Alc, cystatin C, and systolic blood pressure if the patient had these measured.

An individual could have been in the control pool during earlier HRS interview waves

(probability of dementia using the Hurd algorithm <0.5 indicating no classification of dementia)



before later having a classification of dementia during a later wave (dementia probability >0.5
indicating classification of dementia). Once the individual had a classification of dementia at an
HRS interview wave, they were no longer eligible for the control pool in subsequent years. For
example, an individual who was interviewed in 2008 and 2010 and not classified as having
dementia would be included in the control pool for those time points but would be included in
the dementia pool if they were classified as having dementia at the 2012 HRS interview wave.

After applying our inclusion and exclusion criteria, a total of 9,844 distinct individuals
were ultimately eligible. From this cohort, 1,475 distinct individuals were classified as having
dementia at least once during the study period based on the dementia classification algorithm.
There were 9,199 individuals who were ultimately included in the control pool (individuals
without classification of dementia). The sum of these numbers (1,475 + 9,199 = 10,674) is
greater than 9,844 as some individuals were included first in the control cohort and later in the
dementia cohort.

Classification of medication overuse

We identified individuals for the over-aggressive treatment of hypertension criterion
based on an average systolic blood pressure <110 with a prescription for certain
antihypertensives. We applied a series of exclusion criteria to ensure they did not have an
alternative indication for an antihypertensive even with an average systolic blood pressure <110.
This may occur for individuals with heart failure with reduced ejection fraction on a beta-
blocker, angiotensin converting enzyme inhibitor, or spironolactone. This may also occur for
individuals with atrial fibrillation on a beta blocker which is used for rate control rather than
blood pressure. Therefore, we checked if individuals had certain combinations of comorbidities

prior to them being flagged as receiving a potentially problematic medication in the setting of



average systolic blood pressure <110. We first excluded alpha-1 blockers such as doxazosin,
prazosin, and terazosin and loop diuretics since these medications are often not used explicitly
for hypertension (i.e., commonly used for benign prostatic hyperplasia, posttraumatic stress
disorder, and edema in the setting of chronic kidney disease or heart failure). We then split
individuals into 8 mutually exclusive groups based on the presence of 1) cardiac conditions, 2)
arrhythmias, and 3) chronic kidney disease or diabetes. We used the Clinical Classifications
Software (CCS) to map International Classification of Diseases (ICD)-9 and -10 codes onto
categories of conditions. Cardiac conditions were defined as a diagnosis code for essentially any
heart condition other than essential hypertension. This was to be as conservative as possible
when flagging a medication as potentially problematic based on this criteria. This included ICD9
CCS 7.1.2 (HTN with complications), 7.2 (disease of the heart) except for 7.2.9 (cardiac
dysrhythmias), CCS procedure codes 7.2, 7.3 and ICD10 CCS CIR001-CIR006, CIR008-
CIR016, CIR018-CIR019 (excludes CIR007 = essential hypertension and CIR017 = cardiac
dysrhythmias). Arrhythmias were generally defined as atrial fibrillation, atrial flutter, or
supraventricular tachycardia using diagnosis codes ICD 9 427.0, 427.3 or ICD10 147.1, 148*,
Chronic kidney disease and diabetes were defined using diagnosis codes ICD 9 CCS 3.2 & 3.3
(diabetes), 10.1.3, 10.1.2.2 (chronic renal failure) and ICD10 CCS END 002-ENDO006 (diabetes),
GENO0O3 (chronic kidney disease).

Finally, we characterized potentially problematic medication use based on the presence or
absence of these diagnosis codes. The 8 mutually exclusive groups are shown in Supplementary
Table S1 where 1 = condition present based on diagnosis codes and 0 = absent based on
diagnosis codes. The bullet points list the medications that were considered potentially

inappropriate for each group.



If an individual who met the criteria for over-aggressive treatment of hypertension or
diabetes was on multiple antihypertensive or antidiabetic agents, we ultimately decided to
randomly flag one of the medications. For example, an individual with an average systolic blood
pressure of 105 who was on metoprolol, amlodipine, and hydrochlorothiazide without any other
identifiable diagnosis codes that would indicate these medications may be potentially
appropriate, we would randomly select one of these medications as indicative of over-aggressive
treatment of hypertension. We did this because we felt it would be unfair to identify all 3
medications as potentially problematic. Similarly, for an individual with diabetes who had a
hemoglobin Alc of 7.0% and was on insulin and glipizide, we randomly flagged one of these
medications as potentially problematic.

We recognize that this classification system is not perfect, and some medications
identified as potentially problematic may be reasonable choices based on individual
circumstances. We also did not factor in dose modifications for medications like insulin in the
setting of hemoglobin Alc <7.5%. However, our aim was to identify medications often
considered overused and frequently represent high-value candidates to consider for
discontinuation.

Classification of medications that negatively affect cognition

Medications classified as those that negatively affect cognition included strongly
anticholinergics and sedative-hypnotics. Strongly anticholinergic medications included those in
Table 7 of the 2019 Beers criteria as shown in Supplementary Table S2.* Multiple tools have
been developed for classifying medications based on anticholinergic burden, such as the
Anticholinergic Cognitive Burden (ACB) scale and Anticholinergic Risk Scale (ARS).®> We

ultimately settled on the medications listed in Table 7 of the 2019 Beers criteria as this represents



common medications with strong anticholinergic properties. These included various
antidepressants, antiemetics, antihistamines, antimuscarinics, antiparkinsonian agents,
antipsychotics, antispasmodics, and skeletal muscle relaxants. While these medications overlap
with the 2019 Beers criteria sub-domain, we ensured that each medication was only flagged once
when computing the overall results for frequency and mean.

Medications classified as sedative-hypnotics are shown in Supplementary Table S3.
There are comparatively fewer sedative burden scales with the most prominent being the
Sedative Load Model (SLM).%" This model classifies drugs into no, low, moderate, or high
sedative potency based on clinical expertise. Based on the SLM and in line with a previous study
of polypharmacy among older adults with and without dementia, we included medications such
as benzodiazepines, nonbenzodiazepine hypnotics, selected antiepileptic drugs, selected
antipsychotics, selected antihistamines, and doxepin.®

Classification of medications to avoid based on specific criteria

Operationalizing the 2019 American Geriatrics Society Beers criteria and Screening Tool
of Older Persons' Prescriptions (STOPP) Version 2 criteria using only claims data can often be
challenging. Previous attempts have been made to apply the STOPP Version 2 criteria using only
electronic health record data.>'° While we generally followed the guidance from this
multidisciplinary consensus procedure, we chose a more conservative approach. For example, we
excluded criteria such as avoiding “Amiodarone as first-line antiarrhythmic therapy in
supraventricular tachyarrhythmias” or “Beta-blockers in diabetes mellitus with frequent
hypoglycemic episodes.” These criteria could be operationalized based on the absence of

prescriptions of first-line antiarrhythmics in the year prior (e.g., beta-blockers) or the presence of



diagnosis code for hypoglycemia. However, we felt that this would not be a fair representation of
inappropriate medication use in the absence of additional clinical information.

Overlapping medication criteria

A few criteria involved flagging medications as potentially problematic if they were used
in combination (e.g., overlapping use of benzodiazepines and opioids). For these criteria, for
each medication prescription we looked at the prescription fill day and days supply to specify a
date range for when the medication may be in use. We recognize that this is not perfect as
individuals may fill a medication but not take it for several weeks after that. However, this is a
limitation inherent in pharmacoepidemiology research using prescription fill information. For the
medications in question (e.g., benzodiazepine and opioid), we flagged them as using in
combination if the date ranges for the individual medications overlapped for at least 7 days. We
chose a 7 day overlap period as some of these medications may only be prescribed for short
courses or for as needed use (e.g., 1 time prescription for 1 pill of lorazepam prior to a flight or
MRI scan).

Chronic medication criteria

We operationalized a few criteria based on chronic use which was variably defined (e.g.,
proton pump inhibitor use for >8 weeks, non-steroidal anti-inflammatory drug (NSAID) use for
>3 months or NSAID use for >1 month with a diagnosis code of heart failure). The definitions of
chronic medication use varied slightly. For example, to ascertain that an individual was on a
medication for >8 weeks, we required 2 consecutive fills in the past year that were filled within
30 days of each other with at least 28 days per fill. We also included a single fill with a day
supply greater than 8 weeks (i.e., >56 days).

Chronic kidney disease criteria




Several criteria involved identifying potentially problematic medications based on an
individual’s creatinine clearance (CrCl). For example, both the 2019 Beers and STOPP Version
2 criteria have sections on medications that should be avoided in chronic kidney disease (CKD).
The 2019 Beers criteria recommends avoiding duloxetine if CrCl <30 and reducing the dose of
gabapentin if CrCl <60. We included most criteria that recommending avoiding medications
based on a CrCl cut-off and excluded those that recommended reducing the dose as these were
challenging to operationalize.

To ascertain an individual’s kidney function for these criteria, we looked at both
diagnosis codes for CKD and an individual’s cystatin C if available from the enhanced face to
face interview. The CKD diagnosis codes are all based on estimated glomerular filtration rate
(eGFR) cut-offs. Similarly, cystatin C allows for the calculation of eGFR. While CrCl and eGFR
are not equivalent, for our purpose, we considered them roughly similar. We used the CKD-Epi
cystatin C formula to convert the cystatin C values available to an eGFR as follows: eGFR = 133
X min(Scys/0.8, 1)-0.499 x max (Scys/0.8, 1)-1.328 x 0.996Age x 0.932 [if female] where eGFR
= mL/min/1.73 m2, Scys (standardized serum cystatin C) = mg/I, min = indicates the minimum
of Scys/0.8 or 1, max = indicates the maximum of Scys/0.8 or 1, and age = years.

Methods to handle missing data

For the sub-domain of over-aggressive treatment of diabetes and hypertension, many
individuals did not have an available hemoglobin Alc (HbALc) or systolic blood pressure (SBP)
measured. These values were collected during the enhanced face to face interview in the Health
and Retirement Study. Among the 1,441 individuals without dementia in the primary matched
cohort, 1,441 (100%) had a SBP measured and 1,074 (75%) had a HbAlc measured. Among the

1,441 individuals with dementia in the primary matched cohort, 538 (37%) had a SBP measured



and 381 (26%) had a HbAlc measured. Given that the control pool of persons without dementia
was larger and we prioritized individuals who had an enhanced face to face interview, we were
able to identify a higher percentage of persons without dementia who had an available SBP or
HbA1c measured.

Due to the amount of missingness in SBP and HbA1c, ignoring the missing measures
would lead to cohort selection bias and sample size reduction, reducing the study power and
skewing the results for the sub-domain of over-aggressive treatment of diabetes and
hypertension. To handle the missing data, we applied the multiple imputation (MI) method to fill
in the missing SBP and Alc. We also conducted a sensitivity analysis using the index of local
sensitivity to nonignorability (ISNI) (see sensitivity analysis section below).

Multiple Imputation

For the primary analysis, we used multiple imputation to create 10 complete datasets. The

missing SBP and HbA1c were drawn from the two conditional distributions, where

SBP |X1, Xz, ...... ) X22 ~N(y1, 0-12),
HbAlCle, Xz, ...... ) X22 "'N(.le, 0-22).
X1 Xgp een e , X, are the covariates listed in Supplementary Table S15. After the imputing step,

we linked the 10 imputed datasets to an individual’s medications and identified the overuse
medication cases across all 10 datasets. Then we produced the mean, frequency of overuse, odds
ratio, and incidence rate ratio for dementia vs non-dementia groups through a pooling step where
we combined the parameter estimate and standard error from each imputed dataset for the final
inference. Ml is highly precise and efficient. The random draw for the missing data from the

conditional distribution produces unbiased estimates. The pooling step captures the missing data



uncertainty and sampling variation, rendering high coverage probability for the parameter
estimation.'* We used the SAS PROC Ml procedure to conduct the multiple imputation.

Sensitivity analyses

We performed several sensitivity analyses to examine the robustness of our findings.
First, we created 2 additional matched cohorts: first matched only on year of assessment and
another matched on several additional factors. For the first cohort, we 1:1 matched individuals
with a classification of dementia to those without a classification of dementia based only on their
year of assessment. In the second cohort, we 1:1 matched individuals with and without dementia
by year of assessment, age, sex, comorbidity count, race/ethnicity, education, marital status, lives
alone, Medicaid eligibility, body mass index, smoking status, region of country, hospitalization
or emergency department visit in the past year, outpatient visits in the past year, activities of
daily living (ADL) difficulty score, and instrumental ADL (IADL) difficulty score.

Second, we used inverse probability of treatment weighting (IPTW) instead of propensity
score matching to calculate the results in the primary cohort. IPTW involves comparing
individuals with and without dementia in the sample weighted by the inverse probability of
treatment (where in this case “treatment” indicates the presence of dementia). IPTW uses the
entire cohort, and each individual is assigned a weight based on the likelihood that they have
dementia.

Third, we considered alternative ways of including certain criteria that were either 1)
different between individuals with and without dementia or 2) only apply to individuals with
dementia since this would lead to a higher number of flagged medications in those with dementia
(Supplementary Table S4). For example, STOPP Version 2 D1 which advises to stop tricyclic

antidepressants with dementia, narrow angle glaucoma, cardiac conduction abnormalities,



prostatism, or prior history of urinary retention would apply to everyone in the dementia cohort
and only those with the certain medical conditions in the non-dementia cohort. Similarly, STOPP
Version 2 D9 which recommends stopping antipsychotics in patients with behavioral and
psychological symptoms of dementia would only apply to individuals with dementia. Including
these criteria could create an unfair comparison between those with and without dementia. In our
primary analysis for the overall mean number of flagged medications and percentage of
individuals with at least 1 flagged medication, we excluded these criteria to avoid this unfair
comparison. As a sensitivity analysis, we included these criteria when calculating the overall
measure to see how our results changed. In our primary analysis for the individual domains (e.g.,
medications to avoid based on specific criteria such as 2019 Beers/STOPP Version 2), we
included the criteria that were specific to individuals with dementia. As a sensitivity analysis, we
excluded these criteria when calculating the individual domain measures.

Fourth, we repeated an analysis in which the non-dementia cohort was not preferentially
selected based on the presence of an enhanced face-to-face (EFTF) interview. In 2006, HRS
initiated EFTF interviews which included additional measures such as physical performance tests
and blood samples. At each HRS interview wave, half of the sample is assigned an EFTF
interview. This alternates every wave such that the EFTF interview is available every 4 years at
the individual level. When constructing the control pool involving individuals without dementia,
we decided to preferentially select individuals who had an EFTF interview. We did this so that
we could maximize the number of people with an available hemoglobin Alc, systolic blood
pressure, and cystatin C to ascertain information on potentially problematic medication use in the
medication overuse domain. While assignment to an EFTF interview is random and alternates

every other HRS interview wave, individuals who complete the EFTF interview (with blood



draw and SBP measured) may differ than those who do not (e.g., if they declined the EFTF
interview when given the opportunity). Therefore, we repeated the analysis in which the control
pool (individuals without dementia) was not preferentially selected based on the presence of an
EFTF interview.

Fifth, we conducted an index of local sensitivity to nonignorability (ISNI) sensitivity
analysis as explained below to assess the robustness of the multiple imputation procedure.

ISNI Sensitivity Analysis

a. Rationale

While M1 is one of the most common and widely used missing data methods, its validity is built
upon one key assumption: ignorability. That is, the missing data mechanism (MDM) follows the
missing at random (MAR) assumption; the parameters for the observed data (6 ) and missing
data (¢ ) are distinct.!> The missing data follows the MAR assumption if the probability of
missingness only depends upon the observed variables.'®* When ignorability holds, we can
directly draw inferences from the observed data without modeling the MDM. In our study, we
assumed the missing SBP and HbAlc were MAR and implemented the MI method for the
analyses. The MAR assumption is usually unverifiable. When the MDM pivots from MAR to
missing not at random (MNAR), the probability of missingness is related to both observed and
unobserved data, and the M1 method is no longer robust as it produces biased parameter
estimation.* Therefore, incorrectly assuming MAR can negatively impact the research results,
and it is important to conduct a sensitivity analysis that compares the estimates and inference
results once the missing mechanism departs from MAR to MNAR.

b. Theoretical outline




The ISNI method is a principled sensitivity index method that evaluates the reliability of the
analysis under the MAR assumption. When the missingness is MNAR, the missing mechanism
can no longer be ignored. That is, one must model the observed and missing data jointly to draw
valid and robust parameter estimates and inferences. Nevertheless, fitting a nonignorable missing
data model is both conceptually and computationally challenging. Moreover, it was not in our
primary interest to model the missingness. On the other hand, the ISNI method provides a fast-
implemented easy-to-use method that requires fitting no nonignorable models. Starting with the
MAR model, ISNI measures the deviation of the parameter estimates when the MDM changes
from MAR to MNAR. A general ISNI sensitivity method outline works like this:

1. Let G; be the missing indicator for the outcome Y;. G;=1(0) if Y; is missing (or observed).

We model the missing indicator (MDM) via a selection model, where G is conditional on

both observed and unobserved outcomes (Y°2$, Y™). The probability density function

(PDF) for G |Y is denoted as fyG'Y(gly).

2. We introduce the parameter, y, for modeling the MDM. y is broken down as y,and y, ,
where y, , v, reflect the effects on the probability of missingness from the fully observed

Y°bs and potentially unobserved Y™, Therefore, the PDF is denoted as

GlY
Yo, V1

(g|y°Ps, y™s). Since we often model the observed outcomes with a set of
covariates (Y°$=Xg ) for the MAR model, y, can also refer to the set of coefficients for
the fully observed covariates for missingness.

3. For example, we model G|Y°P%, Y™ via a logistic regression model, which is specified

as follows:

P(Gi=1)

n ( 1—P(Gi=1)) = yOX + )/1Yimls'



Here y, is referred to as a nonignorable parameter. When y; =0, the missing probability
does not depend on the missing outcome hence the model reduces to ignorable
missingness (MAR model); when y; # 0, the missing probability depends upon the
missing outcome hence the missingness is nonignorable (MNAR model).
. When the missingness is nonignorable, one must model the joint likelihood for both
observed data and the missing data. As aforementioned, 6 denotes the parameter
governing the complete observed data. Therefore, the joint log-likelihood function is
specified as

L6, ¥o, v1; ¥°,9) =In f i (yobs, y™is) £,217 (g|yobs, y™is)dy™is

Qymis

ISNI measures the rate of change from 8(y,) to the MAR estimator 8(y; = 0). To
identify the optimal value of 8 , we take the derivative of the jointly log likelihood
function with respect to 6, resulting in a function of 8 and y,. ISNI in calculation is

defined as the derivative %’“) evaluated at y; = 0, which measures the rate of deviation

Y1

in 8(y,) from the standard MAR estimate (0).* The mathematical expression for ISNI

is
_ 26 (y1) — 27-1 g2
ISNI = =2 = —V2Lg gViLg 4,
2 _ 92L(6, vo,v1) _ azfe(YObS) R . )
Where Vi1 g = — - r— = — =7 |8(0)75(0).y,=0 FEPresents the Fisher’s

information, the inverse variance-covariance matrix of the MAR estimate 8(0);

2
VZLQJ,1 = %@?m |§(0)]75(0) =0 represents the level of nonorthogonality of 6 and y,
3 ¥o(0),

and can be evaluated by the readily available MAR estimates 8(0) and 7, (0).



When applying the ISNI method for the sensitivity analysis, we impose a plausible range
of values for y,; which allows the ignorable model (MAR) to pivot to nonignorable model
(MNAR), and examine the extent of the change in 8(y;). For example, when y; = 1,
ISNI = (1) — 6(0), where 8(0) is the maximum likelihood estimator (MLE) from the
MAR estimate. In general, we impose y; = *1 to allow the model to pivot locally in the
nonignorable direction.

6. When y; # 0, we can approximate the parameter estimate as 8(y;) = 6(0) + ISNI - y,.
Although ISNI measures the rate of change in parameter estimate when the model pivots
from MAR to MNAR, it does not infer the level of significance for the parameter change.
To gauge whether a change in the MLE estimate is significant, we define the index

‘minimum degree of nonignorability’, MinNI (also previously known as ¢ index in

Troxel 2004),* specified as

MinN|:|"Y5E|,

ISNI

where gy is the standard deviation of the observed outcome, and SE is the standard error

of 6(0). We consider a one-SE change in the MAR estimate to be significant (8 (y,) =

6(0) + SE,). Given the parameter approximation under nonignorable model, IS% =1.
[

The ratio > 1 would indicate that the estimate is highly subject to nonignorable
missingness.
Recall the selection model in step 3, y; = 1 indicates that one unit increase in y is associated
with a 2.7-fold (e?) increase in odds of being missing. This interpretation is valid when the
outcome is categorical or count; however, when y is a continuous variable and has different

scale, such as SBP reading or HbAlc, one unit increase in SBP or HbAlc has the same increase



in the odds of being missing but, SBP and HbAlc had different range values, and a slight change
in y relative to its entire range can be associated with a substantial change in the probability of

missingness. Therefore, instead of one-unit change in y, we consider one standard deviation (oy)

increase in y is associated with 2.7-fold odds increase. That is, we vary y,; from — oi to Ji and
Y Y

examine the parameter estimate 8(0) + ISNI - Ui Furthermore, we proposed the MinNI that
Y

quantify the level of oy. That is, a change of 1/MinNI standard deviation of y is associated in the

increase odds of 2.7 for being missing. Therefore,

MinNI
Oy

ISNI -

/SEy =1 > MinNI =

0'y5E9|
ISNI

MinNI is scale independent. A small MinNI means modest nonignorable missingness could lead
to sensitivity; a large MinNI means only extreme level of nonignorability could it induce the
sensitivity. Troxel (2004) suggested that using MinNI<1 as threshold for nonignorable
sensitivity.14

c. Application

Assuming MAR, we fit two linear regression models for SBP and HbAlc. With the moderate
amount of missing data, we conducted sensitivity analysis that two logistic regression models

were adopted the missing model, specified as

nM=(X +Xo+ -, X530 vo + 74 - SBP;
1-P(G;=1) 1T A2 » £22)i Yo T V1 ;
P(G;=1)

1’11 — P(lGi = 1) = (X1 + Xzt XZZ){VO + vy HbAlc.

We used the R package “isni” to conduct the sensitivity analysis. Columns “MAR Est.” and “Std.
Error” in Supplementary Table S15 represent the regression coefficient estimates and standard

errors, respectively. The results suggest that age, male, smoking status, education level,



hospitalization, South region, arthritis, cancer, heart disease, hypertension, lung disease were
significant predictors for SBP; male, race, living status, college and above education, >1
hospitalization, >1 ER visits, heart disease, and diabetes were significant predictors for HbAlc.
Baseline SBP (intercept), activities of daily living (ADL) dependencies, instrumental activities of
daily living (IADL) dependencies, and college and above level of education were all sensitive to
nonignorable missingness, as the MinNI values were less than 1. Under the MAR model,
controlling for all other variables, the baseline SBP (intercept) was 95.27. However, when the
missingness pivots to MNAR, the baseline SBP should be adjusted upwards by 95.27 +
222.74/19.72=106.57 (19.72 is the standard deviation of SBP). Therefore, the MAR model
underestimated the true intercept (based on the observable values) compared to the estimate from
the nonignorable selection model. One unit increase in ADL/IADL dependency would decrease
SBP by 0.26 and 0.18 using the MAR model. Under the nonignorable model, both estimates
were adjusted upwards by 5.56/1.17 and 8.19/0.95. Hence, one unit increase in ADL/IADL
dependency would increase SBP by 4.51 (-0.26 +5.56/1.17) and 8.43 (-0.18+8.19/0.95).
Moreover, patients with college and above level of education in comparison to less than high
school education should have on average a SBP that is 2.86 lower, and the nonignorable model
further adjusts it downwards by 11.62. On the other hand, no MinNI value was less than one in
the HbAlc selection model.

Comparing the results of MI and ISNI

We used the ISNI adjusted coefficient estimates to predict the missing SBP and HbAlc.
Then we compared the ISNI predicted results to multiple imputed results. Supplementary Figure
S3 demonstrates the histograms of the SBP and HbAlc under ISNI predicted, multiple imputed

(10 datasets), and non-missing observed data.



The SBP and HbA1c values under the three methods overlapped. The ISNI predicted SBP tended
to overestimate the true value of SBP (mean SBP was shifted to the right). However, it was still
within the range of multiple imputed values. Therefore, despite the nonignorable parameters, the
SBP outcomes showed similar distribution under the two methods.

As shown in Supplementary Table S16, results for the percentage of individuals with at
least 1 problematic medication and mean number of problematic medications per person in the
“over-aggressive treatment of chronic condition domain” were comparable between the MI and
ISNI analyses. No significant differences in IRR and OR were found between the matched
cohorts of persons with dementia and persons without dementia. The overall medication results
were also similar between the Ml and ISNI analyses. This provided evidence that the M1 results

were robust for the analysis.



Supplementary Table S1: Classification of potentially problematic medication use for over-aggressive
treatment of hypertension (i.e., average systolic blood pressure <110 during enhanced face to face
interview and on certain antihypertensives without clear alternative reason)

Mutually exclusive groups?

Potentially problematic medication

1. Heart condition =1+ SVT =0+ CKD = Q°

Aliskiren

Antiadrenergic antihypertensives (excluding
doxazosin, prazosin, terazosin)

Vasodilators (excluding isosorbide-hydralazine
combination)

Thiazide and thiazide-like diuretics

2. Heart condition=0+SVT=1+CKD=0

CCBs other than verapamil/diltiazem
ACEi

ARB

Aliskiren

Antiadrenergic antihypertensives (excluding
doxazosin, prazosin, terazosin)
Eplerenone

Potassium sparing diuretics
Vasodilators

Thiazide and thiazide-like diuretics
Nitrates

3. Heart condition=0+SVT=0+CKD =1

Beta-blockers

CCBs

Aliskiren

Antiadrenergic antihypertensives (excluding
doxazosin, prazosin, terazosin)

Eplerenone

Potassium sparing diuretics

Vasodilators

Thiazide and thiazide-like diuretics

Nitrates

4. Heart condition=1+SVT=1+CKD =0

Aliskiren

Antiadrenergic antihypertensives (excluding
doxazosin, prazosin, terazosin)

Vasodilators (excluding isosorbide-hydralazine
combination)

Thiazide and thiazide-like diuretics

5. Heart condition=1+SVT=0+CKD =1

Aliskiren

Antiadrenergic antihypertensives (excluding
doxazosin, prazosin, terazosin)

Vasodilators (excluding isosorbide-hydralazine
combination)

Thiazide and thiazide-like diuretics

6. Heart condition=0+SVT=1+CKD =1

CCBs other than verapamil/diltiazem
Aliskiren

Antiadrenergic antihypertensives (excluding
doxazosin, prazosin, terazosin)

Eplerenone

Potassium sparing diuretics




Vasodilators
Thiazide and thiazide-like diuretics
Nitrates

7. Heart condition=1+SVT=1+CKD =1 Aliskiren

Antiadrenergic antihypertensives (excluding
doxazosin, prazosin, terazosin)

Vasodilators (excluding isosorbide-hydralazine
combination)

Thiazide and thiazide-like diuretics

8. Heart condition=0+SVT=0+CKD =0 Beta-blockers

CCBs

ACEi

ARB

Aliskiren

Antiadrenergic antihypertensives (excluding
doxazosin, prazosin, terazosin)
Eplerenone

Vasodilators

Potassium sparing diuretics
Thiazide and thiazide-like diuretics
Nitrates

Abbreviations: ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB,
calcium channel blocker; CKD, chronic kidney disease; SVT, supraventricular tachycardia

a Mutually exclusive groups were created as the medications that were considered eligible to be flagged
as potentially problematic varied based on diagnosis codes. The number “1” indicates that the condition
was present based on diagnosis codes, and the number “0” indicates that the condition was absent based
on diagnosis codes.

b See the supplementary methods for definitions of these conditions. For example, “heart conditions”
were defined as a diagnosis code for essentially any heart condition other than essential hypertension.
This was to be as conservative as possible when flagging a medication as potentially problematic based
on this criteria. This included ICD9 CCS 7.1.2 (HTN with complications), 7.2 (disease of the heart)
except for 7.2.9 (cardiac dysrhythmias), CCS procedure codes 7.2, 7.3 and ICD10 CCS CIR001-CIR006,
CIR008-CIR016, CIR018-CIR019 (excludes CIR007 = essential hypertension and CIR017 = cardiac
dysrhythmias).



Supplementary Table S2: Classification of strongly anticholinergic medication use based on the 2019

Beers criteria Table 7

Medication class

Individual medications

Antiarrhythmics

disopyramide

Antidepressants

amitriptyline, amoxapine, clomipramine, desipramine, doxepin, imipramine,
nortriptyline, paroxetine, protriptyline, and trimipramine

Antiemetics

prochlorperazine, promethazine

Antihistamines (first
generation)

brompheniramine, carbinoxamine, chlorpheniramine, clemastine,
cyproheptadine, dexbrompheniramine, dexchlorpheniramine,
dimenhydrinate, diphenhydramine (oral), doxylamine, hydroxyzine,
meclizine, clidinium-chlordiazepoxide, dicyclomine, homatropine (excludes
ophthalmic), methscopolamine, propantheline, promethazine, pyrilamine,
triprolidine

Antimuscarinics (urinary
incontinence)

darifenacin, fesoterodine, flavoxate, oxybutynin, solifenacin, tolterodine, and
trospium

Antiparkinsonian agents

benztropine, trihexyphenidy!|

Antipsychotics

chlorpromazine, clozapine, loxapine, olanzapine, perphenazine, thioridazine,
trifluoperazine

Antispasmodics

atropine, belladonna alkaloids, scopolamine (excluded ophthalmic)

Skeletal muscle relaxants

cyclobenzaprine, orphenadrine




Supplementary Table S3: Classification of sedative-hypnotic medications based on previous studies and

the Sedative Load Model

Medication class

Individual medications

Benzodiazepines

Alprazolam, chlordiazepoxide, clorazepate, diazepam,
halazepam, lorazepam, oxazepam, prazepam, clobazam,
clonazepam, midazolam, estazolam, flurazepam,
guazepam, remimazolam, remazepam, triazolam

Nonbenzodiazepine sedative hypnotics

Zolpidem, zaleplon, eszopiclone

Selected antiepileptic drugs

Phenobarbital, gabapentin, pregabalin

Selected antipsychotics

All first generation antipsychotics, quetiapine,
olanzapine, and clozapine

Selected antihistamines

Promethazine and diphenhydramine

Additional antidepressant

doxepin




Supplementary Table S4: List of criteria that were either different between individuals with and without
dementia or only applied to individuals with dementia

Criteria that are different between individuals with and without dementia

Stop tricyclic antidepressants (TCAS) with dementia, narrow angle glaucoma, cardiac

STOPP-V2 D1 | conduction abnormalities, prostatism, or prior history of urinary retention (risk of
worsening these conditions).
Stop antimuscarinic drugs with dementia, or chronic cognitive impairment (risk of
STOPP-V2 11 | increased confusion, agitation) or narrow-angle glaucoma (risk of acute exacerbation

of glaucoma), or chronic prostatism (risk of urinary retention).

Criteria that only

apply to individuals with dementia

Stop anticholinergics/antimuscarinics in patients with delirium or dementia (risk of

STOPP-V2 D8 . o
exacerbation of cognitive impairment).
Stop neuroleptic antipsychotic in patients with behavioral and psychological symptoms
STOPP-V2 D9 | of dementia (BPSD) unless symptoms are severe and other non-pharmacological
treatments have failed (increased risk of stroke).
Stop acetylcholinesterase inhibitors with a known history of persistent bradycardia (<
STOPP-V2 60 beats/min.), heart block or recurrent unexplained syncope or concurrent treatment
D11 with drugs that reduce heart rate such as beta-blockers, digoxin, diltiazem, verapamil
(risk of cardiac conduction failure, syncope and injury)
STOPPFrail Memantine: Discontinue and monitor in patients with moderate to severe dementia,
memantine unless memantine has clearly improved BPSD.
2019 Beers
;::r?ilg?t%srtse:zse Acetylcholinesterase inhibitors cause brqdycardia and should be avoided in older adults
syncope whose syncope may be due to bradycardia

Abbreviations: STOPP-V2, Screening Tool of Older Persons' Prescriptions Version 2; STOPPFrail,
Screening Tool of Older Persons’ Prescriptions in Frail adults with a limited life expectancy




Supplementary Table S5: Number of individuals with a dementia classification in the Health and
Retirement Study by interview wave year and overall

Year of interview

Total number of
individuals interviewed
at specific wave

Number with
classification of dementia
in the specific wave

Percentage of individuals
with classification of
dementia in specific wave

2008 5,078 364 7.2%
2010 5,145 358 7.0%
2012 5,250 382 7.3%
2014 5,752 418 7.3%
2016 5,784 445 7.7%
2018 4,912 354 7.2%
Overall 9,844 1,475 15.0%




Supplementary Table S6: Frequency and mean number of potentially problematic medications among
community-dwelling older adults with and without dementia overall and across the different domains in
the primary cohort matched on age, sex, comorbidity count, and year of assessment

Medication Persons V\_/lth Persons WIFhOUt OR or IRR
domain Outcome measures dementia dementia (95% CI)
(N =1,441) (N =1,441)
OR=1.34
% with >1 flagged med 73% 67% (1.12,1.62)
Overall EaEO:.(iOng
Mean number of flagged 2.09 1.62 (117, 1.42)
medications (p<0.001)
Medication overuse
Over- OR=1.25
. % with >1 flagged med 17% 14% (0.98, 1.60)
aggressive (p=0.07)
treatment of IRR-i 1
chronic T
e Mean number of flagged 0.18 0.15 (0.98, 1.50)
conditions medications (n=0.08)
OR=1.78
Medications % with >1 flagged med 4% 2% (1.10, 2.86)
inappropriate (p=0.02)
near end of life Mean number of flaaaed IRR =1.59
(STOPPFrail) nny 99 0.06 0.04 (0.96, 2.63)
medications (b = 0.07)
Medication misuse
OR=1.59
Medications % with >1 flagged med 41% 30% (1.33, 1.89)
that negatively (p <0.001)
affect IRR =1.45
cognition m:g& 232,‘2” of flagged 0.61 0.42 (1.26, 1.67)
(p <0.001)
OR=145
% with >1 flagged med 60% 51% (1.23,1.72)
2019 Beers (p <0.001)
criteria IRR=1.44
r'}]"eegg gtti‘g:ger of flagged 153 1.06 (1.28, 1.63)
(p <0.001)
OR =1.69
% with >1 flagged med 66% 53% (1.42, 2.00)
STOPP (p < 0.001)
Version 2 IRR = 137
criteria Mean nl_meer of flagged 132 0.96 (1.24, 1.51)
medications (p < 0.001)

Abbreviations: Cl, confidence interval; IRR, incidence rate ratio; OR, odds ratio; STOPP, Screening Tool
of Older Persons’ Prescriptions; STOPPFrail, Screening Tool of Older Persons’ Prescriptions in Frail
adults with a limited life expectancy



Supplementary Table S7: Number and survey weighted percentage of persons with diabetes and
hypertension who met criteria for over-aggressive treatment of these conditions in the primary cohort
matched on age, sex, comorbidity count, and year of assessment

Persons with dementia Persons without dementia
(n=1,441) (n=1,441)

Number (survey weighted percentage)

Individuals with diabetes? 504 (32.6%) 444 (30.2%)

Individuals with diabetes with
hemoglobin Alc <7.5% and on 203 (39.9%) 179 (39.0%)
insulin/sulfonylurea®

Individuals with hypertension® 1,178 (79.1%) 1,194 (81.6%)

Individuals with hypertension
with an average systolic blood
pressure <110 and on 72 (5.8%) 47 (3.8%)
qualifying potentially

problematic antihypertensive®

a We identified individuals with diabetes through either International Classification of Diseases (ICD)-9
or ICD-10 diagnoses codes for Type 2 diabetes (250.00, 250.02, 250.10, 250.12, 250.20, 250.22, 250.30,
250.32, 250.40, 250.42, 250.50, 250.52, 250.60, 250.62, 250.70, 250.72, 250.80, 250.82, 250.90, 250.92,
E11*) or prescription for any antidiabetic drug in the year prior to the interview date.

b Among individuals with diabetes, we identified individuals with a hemoglobin Al1c<7.5% who were
also receiving insulin/sulfonylurea. The numbers presented were averaged over the 10 imputed datasets.
The number and percentage reported here answers the question “among individuals with diabetes, how
many were receiving over-aggressive treatment for their diabetes?”” The denominator for this calculation
is the number of individuals with diabetes which is different than what is presented in Table 3 and Figure
1 where the denominator is the whole cohort (n=1,441).

¢ We identified individuals with hypertension through either self-report during the enhanced face to face
interview or prescription for antihypertensives in the year prior to the interview date. While certain
antihypertensives can be used for multiple indications (e.g., metoprolol for atrial fibrillation rather than
hypertension), our numbers align with other national survey data in an older population where the
prevalence of hypertension is in the range of 80%.

d Among individuals with hypertension, we identified individuals with an average systolic blood pressure
<110 who were also receiving potentially problematic antihypertensives. This was operationalized in the
same way as done in Table 3 and Figure 1 (see supplementary methods; for example, an individual who
was on metoprolol with SBP <110 and diagnosis code for atrial fibrillation would not be included here).
The numbers presented were averaged over the 10 imputed datasets. The number and percentage reported
here answers the question “among individuals with hypertension, how many were receiving over-
aggressive treatment for their hypertension?” The denominator for this calculation is different than what
is presented in Table 3 and Figure 1 where the denominator is the whole cohort (n=1,441).



Supplementary Table S8: Baseline characteristics of community-dwelling older adults with and without
dementia enrolled in the Health and Retirement Study from 2008-2018 in the cohort matched only on year

of assessment

Individuals with dementia
(n=1, 475)

Individuals without dementia
(n=12,492)2

medications)

Characteristic Number (weighted %0) Number (weighted %0) SMD
Age in years, median (IQR) 83.9 (78.3-89.3) 73.6 (69.3-79.4) 0.02
Female sex 976 (66.9%) 7815 (60.5%) -0.13
Race/Ethnicity 0.32
Non-Hispanic White 892 (69.0%) 9322 (82.1%)
Non-Hispanic Black 303 (14.7%) 1624 (7.6%)
Hispanic 250 (14.1%) 1300 (8.0%)
Other 30 (2.2%) 246 (2.3%)
Marital status (%) -0.42
Married or partnered 7081 (57.4%) 556 (36.7%)
Single or widowed 5411 (42.6%) 919 (63.3%)
Lives alone (%) 3824 (32.3%) 464 (34.9%) 0.05
Comorbidities
Cancer 350 (23.3%) 2583 (21.1%) 0.05
Diabetes 492 (30.7%) 3500 (27.6%) 0.07
Heart disease 659 (44.5%) 4257 (34.1%) 0.21
Hypertension 1130 (74.7%) 8910 (69.1%) 0.13
Lung disease 221 (16.6%) 1601 (12.8%) 0.11
Stroke 402 (26.6%) 1380 (10.6%) 0.42
Median (IQR) number of
IADL dependencies (range 1.8 (0-3.7) 0 (0-0) 0.02
0-5)
Median (IQR) number of
ADL dependencies (range 0- 0.8 (0-3.2) 0 (0-0) 0.02
6)
Number of medications
(median, IQR) 8.0 (4.6-12.3) 7.6 (4.4-12.0) 0.0007
Polypharmacy (25 1010 (77.8%) 1192 (80.1%) 0.06

Abbreviations: ADL, activities of daily living; IADL, instrumental activities of daily living; IQR,
interquartile range; SMD, standardized mean difference

a A single individual without dementia could be counted multiple times if they participated in multiple
interviews during their enrollment in the Health and Retirement Study.




Supplementary Table S9: Baseline characteristics of community-dwelling older adults with and without
dementia enrolled in the Health and Retirement Study from 2008-2018 in the fully matched cohort?

Individuals with dementia
(n=971)

Individuals without dementia
(n=971)

medications)

Characteristic Number (weighted %0) Number (weighted %0) SMD
Age in years, median (IQR) 82.3 (75.9-87.8) 82.2 (76.3-87.3) -0.0005
Female sex 639 (65.2%) 639 (65.7%) 0.01
Race/Ethnicity 0.09
Non-Hispanic White 604 (70.0%) 617 (72.5%)
Non-Hispanic Black 186 (13.8%) 169 (11.3%)
Hispanic 159 (13.9%) 165-170 (~14.0%)"
Other 22 (2.4%) <25 (<3%)°
Marital status (%) -0.008
Married or partnered 404 (41.0%) 427 (41.4%)
Single or widowed 567 (59.0%) 544 (58.6%)
Lives alone (%) 320 (35.3%) 324 (38.0%) -0.05
Comorbidities
Cancer 233 (23.3%) 203 (21.5%) 0.04
Diabetes 331 (31.2%) 281 (26.9%) 0.10
Heart disease 411 (42.1%) 425 (43.4%) -0.03
Hypertension 736 (72.9%) 728 (73.0%) -0.001
Lung disease 141 (16.3%) 154 (16.0%) 0.008
Stroke 236 (24.0%) 177 (18.0%) 0.15
Median (IQR) number of
IADL dependencies (range 0.6 (0-2.0) 0.6 (0-1.8) 0.0003
0-5)
Median (IQR) number of
ADL dependencies (range 0- 0 (0-1.8) 0.05 (0-1.8) 0.001
6)
Number of medications
(median, IOR) 6.4 (3.9-9.9) 6.8 (4.1-10.6) -0.002
Polypharmacy (=5 731 (74.0%) 755 (75.6%) 0.04

Abbreviations: ADL, activities of daily living; IADL, instrumental activities of daily living; IQR,
interquartile range; SMD, standardized mean difference

a In the fully matched cohort, we 1:1 matched individuals with and without dementia by year of
assessment, age, sex, comorbidity count, race/ethnicity, education, marital status, lives alone, Medicaid
eligibility, body mass index, smoking status, region of country, hospitalization or emergency department
visit in the past year, outpatient visits in the past year, activities of daily living (ADL) difficulty score, and
instrumental ADL (IADL) difficulty score.

b Results are presented in this manner due to the Centers for Medicare and Medicaid Services (CMS) cell
suppression size policy which sets the minimum threshold for the display of CMS data. This was
necessary as the “Other” category involved <25 individuals.



Supplementary Table S10: Frequency and mean number of potentially problematic medications among
community-dwelling older adults with and without dementia overall and across the different domains in
the cohort matched only on year of assessment

Persons with

Persons without

Medication . . ORor IRR
domain Outcome measures dementia dementia (95% CI)
(N =1,475) (N =12,492)?
OR=1.31
% with >1 flagged med 73% 67% (1.14,1.51)
(p<0.001)
Overall IRR=1.25
Mean 2.08 1.66 (1.18, 1.35)
(p<0.001)
Medication overuse
OR=1.28
Over-aggressive | % with >1 flagged med 17% 14% (1.06, 1.55)
treatment of (p=0.010)
chronic IRR=1.22
conditions Mean 0.18 0.15 (1.04, 1.44)
(p=0.017)
OR=2.89
Medications % with >1 flagged med 4% 2% (2.2%, 36(10)
inappropriate EpRR:IZ 65)3
near end of life '
Mean 0.07 0.02 (1.91, 3.76)
(p<0.001)
Medication misuse
OR =153
Medications % with >1 flagged med 40% 31% (1.38,01614)
that negatively Ig)R : 1 4)1
affect cognition | 4o 0.61 0.43 (1.27, 1.56)
(p<0.001)
OR=1.18 (1.04,
% with >1 flagged med 60% 56% 1.34)
2019 Beers (p=0.01)
criteria IRR=1.26
Mean 1.54 1.26 (1.15, 1.38)
(p<0.001)
OR =1.89 (1.66,
% with >1 flagged med 66% 50% 2.16)
STOPP Version (p <0.001)
2 criteria IRR =1.49
Mean 1.31 0.88 (1.39, 1.60)
(p < 0.001)

Abbreviations: Cl, confidence interval; IRR, incidence rate ratio; OR, odds ratio; STOPP, Screening Tool
of Older Persons Prescriptions




a A single individual without dementia could be counted multiple times if they were included in multiple
interviews during their enrollment in the Health and Retirement Study.



Supplementary Table S11: Frequency and mean number of potentially problematic medications among
community-dwelling older adults with and without dementia overall and across the different domains in
the fully matched cohort?

Medication Persons with | Persons without ORor IRR
domain Outcome measures dementia dementia (95% CI)
(N =971) (N =971)
OR=1.11
% with >1 flagged med 73% 71% (0.88, 1.40)
(p=0.37)
Overall IRR=1.02
Mean 2.09 2.04 (0.91, 1.15)
(p=0.72)
Medication overuse
Over- OR=1.33
. % with >1 flagged med 18% 17% (0.98, 1.80)
aggressive (p=0.07)
treatment of IRR:i 282
gg;%?t'fons Mean 0.18 0.14 (0.994, 1.654)
(p=0.06)
OR=1.17
0, 1 0, 0,
Medications Y% with >1 flagged med 4% 3% ((().62,015.%3)
inappropriate IRpR _'1 16
near end of life -
Mean 0.06 0.05 (0.69, 1.95)
(p =0.58)
Medication misuse
OR=1.36
Medications % with >1 flagged med 39% 32% (1.10, 1.68)
that negatively (p =0.005)
affect IRR=1.28
cognition Mean 0.59 0.46 (1.07,1.52)
(p =0.006)
OR=101
% with >1 flagged med 59% 60% (0.81, 1.24)
2019 Beers (p =0.96)
criteria IRR =1.04
Mean 151 1.47 (0.90, 1.21)
(p=0.61)
OR=131
% with >1 flagged med 65% 59% (1.06, 1.62)
STOPP (p =0.001)
Version 2 IRR = 114
criteria Mean 1.33 1.18 (101, 1.28)
(p =0.004)




Abbreviations: Cl, confidence interval; IRR, incidence rate ratio; OR, odds ratio; STOPP, Screening Tool
of Older Persons Prescriptions

a In the fully matched cohort, we 1:1 matched individuals with and without dementia by year of
assessment, age, sex, comorbidity count, race/ethnicity, education, marital status, lives alone, Medicaid
eligibility, body mass index, smoking status, region of country, hospitalization or emergency department

visit in the past year, outpatient visits in the past year, activities of daily living (ADL) difficulty score, and
instrumental ADL (IADL) difficulty score.



Supplementary Table S12: Frequency and mean number of potentially problematic medications among community-dwelling older adults with
and without dementia overall and across the different domains using propensity score matching and inverse probability of treatment weighting

Primary cohort matched on year of

assessment, age, sex, and comorbidity count IPTW cohort
Medicati Per_sons Pe_:rsons Persons with Persons without
edication Outcome with without ORor IRR dementia dementia ORor IRR
domain measures dementia dementia (95% CI) _ _ a (95% CI)
(N = 1,441) (N = 1,441) (N =1,475) (N =12,492)
% with >1 OR=1.34 OR=1.33
flagged 73% 67% (1.12, 1.62) 73% 67% (1.14, 1.55)
Overal = \RReL o0 iRRe1 29
Mean 2.09 1.62 (1.17,1.42) 2.08 1.66 (1.20, 1.40)
(p<0.001) (p<0.001)
Medication overuse
Over- % with >1 OR=1.25 OR=1.28
aggressive flagged 17% 14% (0.98, 1.60) 18% 17% (1.05, 1.56)
treatment of med (p=0.07) (p=0.013)
chronic IRR=1.21 IRR=1.23
conditions Mean 0.18 0.15 (0.98, 1.50) 0.18 0.15 (1.04, 1.46)
(p=0.08) (p=0.012)
% with >1 OR=1.78 OR=1.88
Medications flagged 4% 2% (1.10, 2.86) 7% 4% (2.30, 2.73)
inappropriate | med (p=0.02) (p=0.001)
near end of IRR=1.59 IRR=1.88
life Mean 0.06 0.04 (0.96, 2.63) 0.04 0.02 (1.30, 2.73)
(p=0.07) (p<0.001)
Medication misuse
Medications % with >1 OR=1.59 OR=1.60
that flagged 41% 30% (1.33,1.89) 40% 30% (1.39-1.83)
negatively med (p <0.001) (p<0.001)




affect IRR=1.45 IRR=1.51
cognition Mean 0.61 0.42 (1.26, 1.67) 0.61 0.40 (1.36, 1.68)
(p <0.001) (p<0.001)

% with >1 OR=1.45 OR=1.40
flagged 60% 51% (1.23,1.72) 60% 52% (1.22,1.61)

2019 Beers med (p <0.001) (p<0.001)
criteria IRR=1.44 IRR=1.43
Mean 1.53 1.06 (1.28, 1.63) 151 1.06 (1.30, 1.58)

(p <0.001) (p<0.001)

% with >1 OR=1.69 OR=1.76
STOPP flagged 66% 53% (1.42, 2.00) 66% 52% (1.53, 2.03)
Version 2 med (p < 0.001) (p<0.001)
criteria IRR =1.37 IRR=1.88
Mean 1.32 0.96 (1.24,1.51) 1.31 0.92 (1.30, 2.73)

(p <0.001) (p=0.001)

Abbreviations: Cl, confidence interval; IPTW, inverse probability of treatment weighting; IRR, incidence rate ratio; OR, odds ratio; STOPP,
Screening Tool of Older Persons’ Prescriptions

a For the control pool (i.e., persons without dementia) in the inverse probability of treatment weighting analysis, the number of persons without
dementia included was greater than the number of unique individuals without dementia because a person could contribute information from
multiple waves in this analysis. For example, a person with an HRS interview in 2008, 2010, and 2012 who did not have a classification of
dementia during any of these waves would be included 3 times in this analysis. We accounted for intra-individual correlation and repeated
measures in calculating the odds ratio, incidence rate ratio, and p-value using a generalized estimating equation (GEE) model.



Supplementary Table S13: Frequency and mean number of potentially problematic medications among community-dwelling older adults with
and without dementia overall and across the different domains in the primary matched cohort including and excluding criteria that are specific to
individuals with dementia®

All criteria Excluding criteria specn_‘lc to persons with
dementia
Persons Persons ORor IRR Persons Persons ORor IRR
Medication Outcome with without (95% CI) with without (95% ClI)
domain measures dementia dementia dementia dementia
(N =1,441) (N =1,441) (N =1,441) (N =1,441)
. OR=1.58 OR=1.34
0,
o =l 77% 67% (1.31, 1.90) 73% 67% (1.12, 1.62)
flagged med (p<0.001) (p=0.002)
Overall? — -
IRR=1.35 IRR=1.29
Mean 2.20 1.63 (1.22,1.48) 2.09 1.62 (1.17,1.42)
(p<0.001) (p<0.001)
Medication overuse
% with >1 OR=1.25 OR=1.25
Over-aggressive flagaed med 17% 14% (0.98, 1.60) 17% 14% (0.98, 1.60)
treatment of 99 (p=0.07) (p=0.07)
chronic IRR=1.21 IRR=1.21
conditions Mean 0.18 0.15 (0.98, 1.50) 0.18 0.15 (0.98, 1.50)
(p=0.08) (p=0.08)
. OR=1.78 OR=1.73
% with >1 0 0 0 0
Medications flagged med 0 24 (%'12’026%(;) E 2 ((1'(17(’) %272))
inappropriate pP=". p=".
near end of life? IRR =159 IRR =1.52
Mean 0.06 0.04 (0.96, 2.63) 0.06 0.04 (0.92, 2.51)
(p=0.07) (p = 0.105)
Medication misuse
. OR=1.59
0, =
Medications that | 7o =1 41% 30% (1.33, 1.89) 41% 30% (OSO (1)5’19)
negatively affect 99 (p <0.001) =Y.
cognition IRR =1.45 IRR=1.45
Mean 0.61 0.42 (1.26, 1.67) 0.61 0.42 (p<0.001)




(p < 0.001)
. OR=1.45 OR =1.37
%a;\ster;?nle d 60% 51% (1.23,1.72) 58% 51% (1.16, 1.62)
2019 Beers (p <0.001) (p<0.001)
criteria® IRR = 1.44 IRR =1.40
Mean 1.53 1.06 (1.28, 1.63) 1.48 1.06 (1.23, 1.58)
(p <0.001) (p<0.001)
% with >1 OR=1.69 OR =1.02
flagge d med 66% 53% (1.42, 2.00) 53% 52% (0.86, 1.20)
STOPP Version (p < 0.001) (p=0.82)
2 criteria® IRR =1.37 IRR =1.04
Mean 1.32 0.96 (1.24,1.51) 0.98 0.94 (0.94, 1.15)
(p <0.001) (p = 0.49)

Abbreviations: Cl, confidence interval; IRR, incidence rate ratio; OR, odds ratio; STOPP, Screening Tool of Older Persons' Prescriptions

a There were some criteria in the subdomains of “Medications inappropriate near end of life,” “2019 Beers criteria,” and “STOPP Version 2
criteria” which were specific to individuals with dementia or differed between those with and without dementia (see supplementary methods and
Supplementary Table S4 for additional details). The boxes shaded in yellow represent the sensitivity analysis which excluded criteria that were
specific to individuals with dementia. The boxes shaded in green represent the primary analysis in Table 3 and Figure 1. For the overall results in
the primary analysis (results displayed in Table 3 and Figure 1, green shaded boxes in this supplementary table), we excluded the criteria specific
to individuals with dementia in order to make a fairer comparison between those with and without dementia when calculating the overall measure.
In a sensitivity analysis, we included all criteria in calculating the overall results (yellow shaded boxes in this supplementary table). In the primary
analysis for the individual sub-domains (results displayed in Table 3 and Figure 1, green shaded boxes in this supplementary table), we did not
exclude these criteria. In a sensitivity analysis, we excluded these criteria in calculating the results for these sub-domains (yellow shaded boxes in
this supplementary table). Since a single medication could be identified as potentially problematic in multiple different ways, the overall results of
this sensitivity analysis are similar to the primary analysis.



Supplementary Table S14: Frequency and mean number of potentially problematic medications among community-dwelling older adults with
and without dementia overall and in the medication overuse domain in the primary matched cohort and a separate matched cohort in which the
non-dementia controls were not preferentially selected based on presence of enhanced face to face interview

Matched cohort where persons without
EFTF matched cohort (primary analysis from dementia were not specifically selected based on
Table 3 and Figure 1) the presence of EFTF interview (sensitivity
analysis)
N Persons with Pgrsons Persons with Pgrsons
Medication Outcome dementia without ORor IRR dementia without ORor IRR
domain measures (N = 1,441) dementia (95% CI) (N =1.470) dementia (95% CI)
’ (N = 1,441) ’ (N =1,470)
. OR=1.34 OR=1.21
lti/loa\é\gg(]j%le q 73% 67% (1.12,1.62) 73% 69% (1.00, 1.46)
overall (p=0.002) (p=0.049)
IRR=1.29 IRR=1.20
Mean 2.09 1.62 (1.17,1.42) 2.08 1.73 (1.09-1.33)
(p<0.001) (p<0.001)
Medication overuse
. OR=1.25 OR=1.11
Over- % with 21 17% 14% (0.98, 1.60) 17% 16% (0.85-1.45)
aggressive flagged med - -
treatment of (p=0.07) (p=0.43)
chronic IRR=1.21 IRR=1.09
conditions Mean 0.18 0.15 (0.98, 1.50) 0.18 0.16 (0.86-1.38)
(p=0.08) (p=0.48)

Abbreviations: Cl, confidence interval; EFTF, enhanced face to face; IRR, incidence rate ratio; OR, odds ratio




Supplementary Table S15: Results from the index of local sensitivity to nonignorability (ISNI) method for the linear regression
models for systolic blood pressure and hemoglobin Alc

Systolic blood pressure model

Hemoglobin Alc model

Variable MAR est. Std. error P-value | ISNI MinNI MAR est. Std. error P-value | ISNI MinNI
(Intercept) 95.27 8.87 <2e-16 | 222.74 0.78 7.53 0.43 <2e-16 | 0.38 1.03
Age 0.28 0.03 < 2e-16 | 0.23 2.33 0.00 0.00 0.51 0.00 1.68
Male sex 141 0.38 0.00 -0.93 8.06 0.04 0.02 0.01 0.00 4,50
Race

Other .

Non-Hispanic | 13.32 8.62 0.12 -23.90 7.10 -1.84 0.42 0.00 -0.07 5.19

White

Non-Hispanic | 15.24 8.63 0.08 -24.70 6.88 -1.56 0.42 0.00 -0.06 6.30

Black

Hispanic 13.74 8.65 0.11 -29.72 5.73 -1.70 0.42 0.00 -0.06 5.96
ADL -0.26 0.21 0.21 5.56 0.73 -0.01 0.01 0.27 0.00 2.63
IADL -0.18 0.27 0.52 8.19 0.66 0.01 0.01 0.27 0.01 1.40
Lives alone -0.03 0.53 0.95 1.83 5.75 0.05 0.02 0.04 0.00 5.24
Current smoker | 1.65 0.65 0.01 -3.27 3.89 0.01 0.03 0.77 -0.01 3.13
Married or 0.84 0.53 0.11 3.03 3.43 -0.01 0.02 0.57 0.01 3.67
partnered
Education

< high school | .

High School -1.26 0.47 0.01 -8.38 1.10 -0.04 0.02 0.07 0.00 3.60

or GED

College and -2.86 0.47 0.00 -11.62 0.80 -0.08 0.02 0.00 0.01 1.35

above
Hospitalization

0 )

1 -1.43 0.71 0.04 -1.02 13.73 -0.05 0.03 0.08 -0.01 3.99

>1 -2.32 1.18 0.05 15.97 1.45 -0.12 0.05 0.01 0.01 5.31
ER Visit

0 .

1 0.35 0.82 0.67 2.27 7.12 0.01 0.04 0.80 0.01 2.59




>1 0.03 1.41 0.98 -5.68 4.90 0.14 0.06 0.02 0.00 548.42
Outpatient visit

0 .

1 1.23 0.93 0.19 12.75 1.44 -0.04 0.04 0.28 0.00 30.46

>1 0.54 0.36 0.13 0.65 10.82 0.01 0.02 0.65 -0.01 1.24
Region

Northeast or

Other

Midwest -0.68 0.57 0.23 -3.50 3.23 0.01 0.03 0.57 -0.01 1.63

South -1.08 0.53 0.04 -1.48 7.02 -0.05 0.02 0.04 -0.01 2.35

West -0.03 0.60 0.96 -4.12 2.87 0.01 0.03 0.82 -0.02 1.34
Dementia status | -1.30 0.94 0.17 -7.21 2.58 -0.07 0.04 0.11 0.01 3.20
Comorbidities

Arthritis -1.29 0.40 0.00 -7.90 1.01 -0.02 0.02 0.33 0.00 4.27

Cancer -0.88 0.42 0.04 0.05 179.71 -0.01 0.02 0.58 0.00 6.37

Diabetes 0.52 0.39 0.18 -0.48 16.10 1.10 0.02 <2e-16 | 0.01 2.27

Heart -2.12 0.37 0.00 -0.55 13.41 0.06 0.02 0.00 0.00 233.08

Hypertension | 7.18 0.39 <2e-16 | 2.88 2.65 0.02 0.02 0.26 0.00 3.36

Lung disease | -2.41 0.52 0.00 -3.56 2.90 0.00 0.02 0.90 0.00 7.79

Stroke 0.19 0.54 0.73 -1.42 7.58 -0.04 0.02 0.06 0.00 5.57

Abbreviations: ADL, activities of daily living; Est, estimate; GED, General Educational Development; IADL, instrumental activities of daily
living; ISNI, index of local sensitivity to nonignorability; MAR, missing at random; MinNI, minimum degree of nonignorability; Std. error,

standard error




Supplementary Table S16: Frequency and mean number of potentially problematic medications among community-dwelling older adults with
and without dementia overall and in the over-aggressive treatment of chronic conditions sub-domain for the primary cohort comparing methods

using multiple imputation (MI) (primary analysis) and the index of local sensitivity to nonignorability (ISNI) (sensitivity analysis)

Multiple Imputation (primary results)

ISNI method (sensitivity analysis)

L. Persons with | Persons without Persons with | Persons without
mﬁ;ﬁ“on gg;gﬂrrgi dementia dementia (?;:)(% ::Fi)R dementia dementia (%;25&: ICFT)R
(n=1,441) (n=1,441) (n=1,441) (n=1,441)

% with >1 OR=1.34 OR=1.29
flagged?ned 73% 67% (1.12,1.62) 73% 67% (1.08, 1.55)

Overall (p=0.002) (p<0.001)
IRR=1.29 IRR=1.28
Mean 2.09 1.62 (1.17,1.42) 2.08 1.62 (1.16,1.41)

(p<0.001) (p<0.001)

Medication overus

_ % with >1 OR=1.25 OR=1.10
Over-aggressive flagge d med 17% 14% (0.98, 1.60) 16% 15% (0.88, 1.38)
treatment of (p=0.07) (p=0.42)
chronic IRR=1.21 IRR=1.06
conditions Mean 0.18 0.15 (0.98, 1.50) 0.16 0.15 (0.87, 1.29)

(p=0.08) (p=0.56)

Abbreviations: Cl, confidence interval; IRR, incidence rate ratio; ISNI, index of local sensitivity to nonignorability; OR, odds ratio




Supplementary Figure S1: Example outline of cohort entry and timing of medication assessment for an individual enrolled in the Health and
Retirement study?

HRS EFTF interview with
HRS non-EFTF interview without dementia classification HRS non-EFTF
dementia classification (Index date) interview date

1 , ~

' For individuals with multiple HRS interview waves

. following classification of dementia, we prioritized
1-year look-back period to assess the wave with an EFTF interview

problematic medication use

Assess systolic blood pressure, hemoglobin Alc,
‘ ' l and cystatin C if available via EFTF interview

6-month look-back period to assess medications for
those meeting criteria for the domain of over-aggressive
treatment of diabetes (using hemoglobin Alc) and
hypertension (using systolic blood pressure)

Abbreviations: EFTF, enhanced face-to-face; HRS, Health and Retirement Study

a This figure represents an example participant in the Health and Retirement Study who was followed for multiple interview waves. During their
first interview wave, the participant did not have a dementia classification. During their second interview wave 2 years later, the participant had a
dementia classification and participated in the enhanced face-to-face interview. During their third interview wave 2 years later, the participant had
an additional non-enhanced face to face interview. Since we prioritized waves in which the individual participated in the enhanced face to face
interview, we would select the second interview wave as the index date (first date when the individual was classified as having dementia and had
enhanced face to face interview performed). Medication use was then assessed in the 1-year period prior to this index date. For over-aggressive
treatment of diabetes/hypertension, we used a 6-month look-back period.



Supplementary Figure S2: Flow chart of individuals aged 66 years and older with and without dementia in the Health and Retirement Study from
2008-2018 included in this study

HRS participants
in 2008 wave
N =17,217

HRS participants
in 2010 wave
N = 22,034

HRS participants
in 2012 wave
N = 20,554

HRS participants
in 2014 wave
N = 18,747

HRS participants
in 2016 wave
N = 20,912

HRS participants
in 2018 wave
N=17,146

!

!

!

!

!

l

HRS participants
aged 266
N = 10,405

HRS participants
aged 266
N = 10,046

HRS participants
aged 266
N =9,752

HRS participants
aged 266
N = 9,360

HRS participants
aged 266
N =9,041

HRS participants
aged 266
N = 8,198

!

!

!

!

!

!

HRS participants

HRS participants

HRS participants

HRS participants

HRS participants

HRS participants

with linked with linked with linked with linked with linked with linked
Medicare data Medicare data Medicare data Medicare data Medicare data Medicare data
N = 9,907 N = 9,469 N = 9,088 N =8,617 N = 8,165 N =7,155
HRS HRS HRS HRS HRS HRS

participants with

12 consecutive
months

Medicare Part A,

B, D enrollment
prior to

interview date
N =5,078

participants with

12 consecutive
months

Medicare Part A,

B, D enroliment
prior to

interview date

N =5,145

participants with

12 consecutive
months

Medicare Part A,

B, D enrollment
prior to

interview date

N =5,250

participants with

12 consecutive
months

Medicare Part A,

B, D enrollment
prior to

interview date

N =5,752

participants with

12 consecutive
months

Medicare Part A,

B, D enrollment
prior to

interview date

N =5,784

participants with

12 consecutive
months

Medicare Part A,

B, D enrollment
prior to

interview date
N =4,912

|

HRS participants included in the pool
of individuals without dementia
N =9,1992

HRS participants with classification
of probable dementia
N = 1,475




Abbreviations: HRS, Health and Retirement Study

a In the figure, many individuals participated in multiple HRS interview waves. Therefore, the sum total
of people in at least one wave is much greater than the sum of participants in each individual wave. After
applying our inclusion and exclusion criteria, a total of 9,844 distinct individuals were ultimately eligible.
From this cohort, 1,475 distinct individuals were classified as having dementia during the study period
based on the dementia classification algorithm. There were 9,199 individuals who were included in the
control pool. The sum of these numbers (1,475 + 9,199 = 10,674) is greater than 9,844 as some
individuals were included in the control pool during earlier waves (no classification of dementia) before
eventually having a classification of dementia during a later wave. For example, an individual who was
interviewed in 2008 and 2010 and not classified as having dementia would be included in the control pool
for those time points but could later be included in the dementia pool if they were classified as having
dementia at the 2012 HRS interview wave.



Supplementary Figure S3: Distribution of the number of potentially problematic medications identified
across all criteria among persons with and without dementia in the primary matched cohort

Distribution of potentially problematic medications per person
35%

30%

25%

0% Persons with dementia (N=1,441)
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Supplementary Figure S4: Histograms representing the distribution of systolic blood pressure
and hemoglobin Alc values under the different methods, including index of local sensitivity to

nonignorability (ISNI), multiple imputation, and non-missing observed data
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Abbreviations: Alc, hemoglobin Alc; ISNI, index of local sensitivity to nonignorability; SBP, systolic
blood pressure
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Supplementary Appendix: Details on the characterization of different criteria included in this study

Domain

Medication overuse
Medication overuse
Strongly anticholinergic
Strongly anticholinergic
Strongly anticholinergic
Strongly anticholinergic
Strongly anticholinergic
Strongly anticholinergic
Strongly anticholinergic
Strongly anticholinergic
Strongly anticholinergic
Sedative-hypnotics
Sedative-hypnotics
Sedative-hypnotics
Sedative-hypnotics
Sedative-hypnotics
Sedative-hypnotics
STOPPFrail

STOPPFrail

STOPPFrail

STOPPFrail

STOPPFrail

STOPPFrail

Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)

Criteria

Over-aggressive treatment of diabetes
Over-aggressive treatment of hypertension
Selected antiarrhythmics (disopyramide)

Selected antidepressants

Selected antiemetics

First generation antihistamines

Urinary antimuscarinics

Antiparkinson anticholinergics (e.g., benztropine/trihexyphenidyl)
Selected antipsychotics

Antispasmodics

Selected skeletal muscle relaxants
Benzodiazepines

Z-drugs

Selected antiepileptic drugs

Selected antipsychotics

Selected antihistamines

Additional antidepressant

Lipid-lowering therapies (statins, ezetimibe, sequestrants, fibrates, niacin)
Memantine in moderate to severe dementia
Theophylline and aminophylline
Anti-resorptive/bone anabolic drugs for osteoporosis
NSAIDs for >2 months

Drugs for overactive bladder (muscarinic antagonists and mirabegron)
First generation antihistamines

Antiparkinsonian agents

Antispasmodics

Dipyridamole

Nitrofurantoin

Peripheral alpha-1 blockers for hypertension
Central alpha-agonists for hypertension (excluding clonidine)
Disopyramide

Nifedipine, immediate release

Selected antidepressants

Antipsychotics except in schizophrenia/bipolar
Barbiturates

Benzodiazepines

Meprobamate

Z-drugs

Ergoloid mesylates

Androgens without hypogonadism

Desiccated thyroid

Estrogens (oral/topical patch)

Growth hormone

Megestrol

Long-acting sulfonylureas

Metoclopramide except for gastroparesis

PPI for >8 weeks unless high-risk patient
Meperidine

Non-COX-selective NSAIDs, chronic use (>90 days)
Indomethacin, ketorolac

Skeletal muscle relaxants



Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
Beers (2019 version)
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2

Desmopressin

Cilostazol in heart failure

NSAIDs (all) in heart failure

Thiazolidinediones in heart failure

Cholinesterase inhibitors in syncope

Peripheral alpha-1 blockers in syncope

Tertiary TCAs in syncope

Selected antipsychotics in syncope

Selected antiemetics in Parkinson disease

Selected antipsychotics in Parkinson disease
Non-COX-selective NSAIDs with Gl ulcers

NSAIDS (all) in CKD Stage 4 or higher

Estrogen in women with urinary incontinence

Peripheral alpha-1 blockers in women with urinary incontinence
Strongly anticholinergic drugs with LUTS/BPH

Opioid and benzodiazepine in combination

Opioid and gabapentin/pregabalin in combination

Strongly anticholinergic and strongly anticholinergic in combination
Three or more CNS-active drugs

TMP-SMX with reduced kidney function

Amiloride with reduced kidney function

Apixaban with reduced kidney function

Dabigatran with reduced kidney function

Dofetilide with reduced kidney function

Edoxaban with reduced kidney function

Fondaparinux with reduced kidney function

Rivaroxaban with reduced kidney function

Spironolactone with reduced kidney function

Triamterene with reduced kidney function

Duloxetine with reduced kidney function

Tramadol with reduced kidney function

Probenecid with reduced kidney function
Verapamil/diltiazam with heart failure

Beta-blocker and verapmil/diltiazem in combination
Beta-blocker with bradycardia/heart block

Centrally-acting antihypertensives

PDE-5 inhibitors in heart failure

Antiplatelet/anticoagulant with significant bleeding risk
Ticlopidine

NSAID and anticoagulant in combination

TCAs in dementia, glaucoma, BPH/urinary retention, cardiac issues
Anticholinergic antipsychotics with BPH/urinary retention
Selected antipsychotics in Parkinson disease

Strongly anticholinergics in dementia

Antipsychotics in BPSD

Cholinesterase inhibitors in bradycardia/syncope/heart block
Levodopa or dopamine agonists for benign essential tremor
First generation antihistamines

Digoxin at doses > 125 ug/day with reduced kidney function
Direct thrombin inhibitors with reduced kidney function
Factor Xa inhibitors with reduced kidney function

NSAIDs with reduced kidney function

Colchicine with reduced kidney function



STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2
STOPP Version 2

Metformin with reduced kidney function

Selected antiemetics with Parkinson disease (metoclopramide/prochlorperazine)
PPI for >8 weeks unless high-risk patient

Theophylline as monotherapy in COPD

Antimuscarinic bronchodilators with specific comorbidities (inhaled anticholinergics)
COX-2 selective NSAIDs with CV disease

Oral bisphosphonate with Gl issues

Bladder antimuscarinics with dementia, narrow angle glaucoma, BPH

Long-acting sulfonylureas

Thiazolidinediones in heart failure

Estrogens with breast cancer/VTE

Androgens without hypogonadism

Benzodiazepines

Z-drugs

Strongly anticholinergic and strongly anticholinergic in combination (same as Beers)



METADATA

METADATA

METADATA
D

METADATA
Description

METADATA
Description

METADATA
Descriotion

METADATA

METADATA

METADATA

Medication Overuse

A B c

Aspirin

A B
Medication code Diagnosis code
iron Iron deficiency anemia

RISK

NOTES

Limitations/lssues

Limitations/lssues

Over-aggressive
treatment of diabetes

METADATA

Prescription for insulin or sulfonylureas
with Alc < 7.5% in patient with diabetes.

METADATA
Description

1€D9 / CCS for ICD9
1010/ CCS for ICD10

Medication variable

Laboratory value
METADATA

c
Alc Insulin Sulfoviurea
insulin sulfonylurea
Alc<7.5%
A B RISK
Diagnosis codes Medication code

250,00, 250,02, 250.10, 250.12,
250.20, 250.22, 25030, 25032,
250.40, 250.42, 250.50, 250.52,
250,60, 250.62, 250.70, 250.72,
250,80, 250.82, 250.90, 250.92

33

CODE

Over-aggressive
treatment of
hypertension

Prescription for antihypertensive
medication with average SBP < 110 mm Hg
during enhanced face to face interview

1CD9 / CCS for ICD9
110/ CCS for ICD10

Medication variable

See supplementary methods section for details

A& (8 | Cwithin 180 days of Alc)

NOTES

A& (Prescription for 8 | C within 180
days prior to Alc blood draw) & D

Limitations/lssues

5 i prescrip
180 days of BP measurement 2.
Applies only to i

blood pressure readings on a single

SBP < 110 based on 3 measurements
during face-to-face interview

blood pressures over longer time
period

NOTES

1. Only include diagnosis codes for
Type 2 diabetes (do not want to
include patients with Type 1
diabetes) 2. Only includes
medications with highest
hypoglycemia risk 3. Assess
medication prescription 180 days.
before

Limitations/lssues

Presumes doctor knows a recent
Alc although they will not have:
the HRS blood draw result. Cannot
differentiate decreasing insulin
dose in response to Alc < 7.5.
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A
Medication code

B
Diagnosis code

disopyramide

1CD9 / €CS for ICD9

| ) I ) I ) I > | ) I )

1. All these medications also
included in highly sedating list

Antiarrhythmics Disopyramide 1CD10 / CCS for ICD10 A
Medication variable disopyramide
Medication code Diagnosis code
Anticholinergic
P " " " " d " 1CD9 / €CS for ICD9
joxepin,
p imipramine, nortriptyline, i iptyline, and 1CD10 / CCS for ICD10 A
trimipramine .
Medication variable antidepressants_AC
A B RISK.
Medication code Diagnosis code
Antiemetics
1CD9 / CCS for ICD9
Antiemetics prochlorperazine, promethazine 1CD10 / CCS for ICD10 A
Medication variable antiemetics
A B RISK
Medication code Diagnosis code
First generation
antihistamine
1CD9 / CCS for ICD9
yp 1CD10 / €CS for ICD10
Antihistamines (first yerinate, 2P (oral,
! ydroxyzine, meclizine, clid A
generation) ! !
pine (excludes o
i variable first_gen_antihistamine
triprolidine
A B RISK
Medication code Diagnosis code
1CD9 / €CS for ICD9
i inics (urinary ifenaci ine, flavoxate, in, solifenaci
A
incontinence) tolterodine, and trospium 1CD10/ CCS for ICD10
Medication variable ~Antimuscarinics
A B RISK.
Medication code Diagnosis code
i i ian agents
1CD9 / €CS for ICD9
Antiparkinsonian agents benztropine, trihexyphenidy! 1CD10 / CCS for ICD10 A
Medication variable ~ac_park
A B RISK.
Medication code Diagnosis code
Antipsychotics
1CD9 / CCS for ICD9
N N chlorpromazine, clozapine, loxapine, olanzapine, perphenazine,
A
Antipsychotics thioridazine, trifluoperazine 1CD10/ €CS for ICD10
Medication variable antipsychotics_beers
A B RISK
Medication code Diagnosis code
1CD9 / €CS for ICD9
atropine, belladonna alkaloids, scopolamine (excluded
Antispasmodics P " PO L 1CD10 / CCS for ICD10 A
ophthalmic)
Medication variable antispasmodics
A B RISK.
Medication code Diagnosis code
Skeletal muscle relaxants
1CD9 / €CS for ICD9
Skeletal muscle relaxants cyclobenzaprine, orphenadrine 1CD10 / CCS for ICD10 A

Medication variable ~muscle

> I ) I



A B
Medication code Diagnosis code

1CD9 / CCs for ICD9

diazepam, 1CD10 / CCS for ICD10
or
senzodinzepines halazepam, lorazepam, oxazepam, prazepam, clobazam,
estazolam, quazepam,

Medication variable ~ benzo

remimazolam, remazepam, triazolam

A B RISK
Medication code Diagnosis code
Non-benzo sedative hypnotics
Nonbenzodiazepine sedative i i €08 / €C5 for ICD3
yprotics Zolpidem, zaleplon, eszopiclone 1CD10 / CCS for ICD10
Medication variable z_drug
A B RISK
Medication code Diagnosis code
antiepileptic
1CD9 / CCS for ICD9
Selected antiepileptic drugs Phenobarbital, gabapentin, pregabalin 1CD10 / CCS for ICD10
Medication variable antiepileptic
B RISK
Medication code Diagnosis code
Sedating antipsychotics
. . . . i 1CD9 / CCS for ICD9
Selected antipsychotics ' "t clozapine ™ epto / €cs for ICD10
° Medication variable  antipsychotics_sedating
B RISK
Medication code Diagnosis code
Promethazine & diphenhydramine
1CD9 / CCS for ICD9
1CD10 / CCs for ICD10
Antihistamine Promethazine and diphenhydramine
Medication variable  antihistamine_sedative_load
A B RISK
Medication code Diagnosis code
Doxepin
1CD9 / CCs for ICD9
1CD10 / CCs for ICD10
Additional antidepressant Doxepin

Medication variable ~ doxepin

1. Includes low-dose doxepin
for insomnia



STOPP Version 2 Criteria

Definitions modified from: Ribe et al. 2021 bmj. & Huibers et al. 2019 ncbi.nim.nih. 75/)

METADATA METADATA METADATA A B c RISK coDE NOTES. Limitations/Issues
Description i

Digoxin diastolic heart failure otrialfbrillation

Limitations/Issues

METADATA METADATA METADATA A B
D Description Medication code Diagnosis code
Verapamilor diltiazem Heart failure.

428*,402.01, 402,11, 402.91,

404.01, 404,03, 404.11, 1. "NYHA Class Il or IV heart

1CD9 / CCS for ICD9. 404.13,404.91,404.93 failure" excluded from
definton. 2. No el
52, Verapail o Verapanilor diiazem with NYHA Class N estabished critera for
diltiazem + NYHA Class Il Il or IV heart failure (may worsen heart P10/ €CS forCD10 150% 111.0,113.0, 113.2 A A& assessing heart failure from
or IV heart failure failure). diagnosis codes. The ICD codes.
included here reflecta
Medication variable  verapamil_diltiazem consensus from several
iferent sources.
METADATA METADATA METADATA A B RISK CODE NOTES Limitations/Issues
Description Medication code Medication code
o
1c09 / CCs for 109 1. Impossible to know from
ipton drug data whether
blocker nationwith  1CD10/CCS for ICD10. prescription drug
83. Beta-blocker + Beta-blocker i combination wil A&B (overlapping. the patient was taking both
’ verapamil or ditiazem {rik f heart Az .
verapamil/ditiazem block]. prescription) simultaneously versus patient
o seta_blocke g being told by physician to take
Medication variable  beta_blocker verapamil_dtiazem e instead o the other
METADATA METADATA METADATA A B c D RISK CODE NOTES. Limitations/Issues
o Descripton
beta-blocker Bradveardia Heart block Heart rate_
426.0,426.10,426.12,
w8 426.13,426.6,426.9, 1. Diagnosiscode for
1CD9 / €CS for ICD 746.86 bradycardia/heart block
Beta locker with bradycardia (< 104.1,144.2, 1443, 1855, or HR measurement < 50
. -t th 1€D10 / CCS for ICD10 149.5, RO0.1
B e 50/min) type Il heart block,or 1459, 0246 N A& (81 C|Dwithin months _within & months of beta-
e complete HR<50 of beta-blocker prescription)  blocker prescription 2.
block
heart block, asystole) Heart rate measurement
comes from HAS ace-to-
Medication variable ~ beta_blocker face interview
METADATA METADATA METADATA A B c RISK CODE NOTES. Limitations/Issues
Description i
Beta blocker, digosin,
Amiodarone_ SVT verapamil. diltiazem_

METADATA METADATA Limitations/Issues
Description i

Other antihypertensives
(CCBS, thiazides, ACEI/ARB,

Loop diuretics Hypertension potassium-sporina] Chronic kidnev disease ___Heart failure.

METADATA METADATA Limitations/Issues

A B
Description Medication code Diagnosis code

Limitations/Issues

METADATA METADATA B
Diagnosis code

A
Description Medication code

METADATA METADATA Limitations/Issues

A B
Description Medication code Diagnosis code

Limitations/Issues

METADATA METADATA A
Description Medication code

Centrally-acting antinypertensives (e.g. 109/ CCSfor ICD9
‘methyidopa, clonidine, moxonidine,

rimenidine, guanfacine) unlesscear 1. Not possible to code

B10. Centrally-acting  intolerance of, or lack of efficacy with, or A N ‘unless clear intolerance of, o

other lack of efficacy with, other
(centrally-active antihypertensives are I ntihypertensives'.
generally less well tolerated by older
people than younger people)
Medication variable  cns_alpha_agonists
METADATA METADATA METADATA A ] Risk coDE NOTES Limitations/Issues

Description Medication code Diagnosis code

METADATA METADATA METADATA NOTES Limitations/Issues
Description

METADATA METADATA METADATA ‘CODE NOTES Limitations/Issues
Descrloton
Nitrates (excluding PRN
Heart failure_ nitrates)
25, 40207, 307 11 30757,
Stopphosphodiestease type 5 40401,400.03,404.11,
inhibitors (e.g. sildenafil, tadalafil, 1CD9 / CCS for ICD9. 40413 4049140493
o1 e b S seme e tae 50, 110,130,132 . rabla 1. Excludes PRN irates ke 1. Not possble o encode

heart failure sublingual nitroglycerin severe heart failure




" lorate therapy for angina (isk of
cardiovascular collapse)

Medication variable

M[TADATA METADATA

Description

METADATA

pde

Mnnluﬂm code

nitrates

RISk
Dlunmls code

coDE NOTES Limitations/Issues

M[TADATA METADATA

Description

METADATA

Mnnluﬂm code

RIsK
Dlunmls code

cODE NOTES Limitations/Issues

METADATA METADATA METADATA RisK copE NOTES Limitations/issues
Description
Antiplatelet agents,vitarmin K
antagonists,direct thrombin
inhibit
286.0,2861,286.4,28731  5780,578.1,578.9 v, 4317, 432°
Aspirin clopidogrel, dipyridamole, €D / CCS for ICD9 430n 4317, 432
. Antiplatelet viamin Ktagoniss,drect rombin S, 1. "Uncontrolled severe
Comipacsor S ith €010/ CCSfor 1010 D66, 067, D68.0, 069.3 K920, K92.1, k2.2 160%,161%, 162 Iypertension” not coded.
iccoaglants wi mncuuenmgmmem eding vk . A A&B | C|Dwithin 1year] 2. Diagnosis code present
concurrent significant f
eading sk uncontrolled severe hypertension, within 1 year of
bleeding diath tnon-trivial tiplatelets, anticoagulant prescription.
spontaneous bleeding
TG0 CEE METADATA Risk cope NOTES Limitations/Issues
e ey
e METADATA METADATA RisK copE NOTES Limitations/Issues
Description e ey
e METADATA METADATA RisK copE NOTES Limitations/issues
Descripti

Antiplatelets

Camrmry implant (CABG or

Anticooqulant

Acute coronary syndrome.

P eSS METADATA
— S
Ticlopidine
1CD /CCS for ICD9
Ticlopidine in any circumstances
(copidogrel and prasugrel have similar
A A
effcacy,stronger evidence and fewer P10/ CCSfor €010
ide-effects).
Medication variable
BT METADATA METADATA B B B B RISk copE NoTES Umitations/issues

Description

Anticoaaulants

Deep venous thrombosis Pulmonary embolus

Atrial ibrillation Mechanicol heart value

MEYADATA MEYADATA METADATA

Limitations/Issues

METADATA METADATA METADATA RISK CODE NOTES Limitations/Issues
Description Medlutwn code Medluﬂnn code
s
1cD9 / CCs for ICD9.
Clonswpang S0P NSO andvtamin K ntagonis, 1. s mecicaton b
anticoagulant in " 1010/ €0 for ID10 A A&B includes all NSAIDs but
inati mmb\mrs in :ombmano" (risk of major
combinton eudes toics
astrotestinal besaing).
Medcion e anieosgiant -
werion wETADATA mETRDATA A 5 5 sk cove nores mtatonssues
escrtion
Antiplatelets NSAID.

METADATA METADATA METADATA RISK CODE Limitations/Issues
Description
Cardioe conducton
TCAs Narrow anale alaucoma br BPH/urinarv retention
1€D9 / CCS for ICD9 65.2 426 788.2%
Stop tricyclic antidepressants (TCAs)
with dementia, narrow angle glaucoma, 1¢p10 / ccs for ICD10 Ha0.2 1447, 145+ N0, R33
D1TCs & specll : h A A&®ICID)
conditions prostatism, orpror istory of rinary
retention (s of worsening these.
oty Medicationvariable tca
METADATA METADATA METADATA A 0 A RisK cone NoTes Uimitationsfssues
Descrption
Other antidepressants

/ssnls, SNRIs, mirtazapine,

Depression

METADATA METADATA METADATA RiSK copE NOTES limitations/issues
Description e ey
1CD9 / CCs for ICDS 600*.788.2%
top neuroleptics with moderate-
olinergic efects
lozapin
o3 Anichalnertc g e, 71 €010 o
neuroleticswith sty 2T Iuphenzine ot A Ass
f v history of prostatism or previous
urinary retention (nigh iskof urnary . )
retention) Medication variable  antipsychotics_ac_d3
MEYADATA METADATA METADATA B RISK CODE NOTES Limitations/Issues
Descrintion Medlutwn code Diagnosis code

METADATA METADATA METADATA

RISK

coDE NOTES Limitations/Issues



Description

Medication code
Benzodiazepines

Diagnosis code

WETONTA WETAONTA WETONTA ot
Description Medlutwn code Dlanwsls code
Antipsychotics (except
quetiapine, clozapine, and Parkinson disease and Lewy
o
Stop antipsychotics (e, other than 1CD9 / CCs for ICDS 332,333.0,331.6, 331.82
ot s res
ikt sovae oo
wersonTa weronTa wemonn A o wores
S Medaioncode S

Anticholinergic medications to
treat EPS [e.q..benztropine)

Antipsychotics

Limitations/Issues

Limitations/Issues

METADATA METADATA METADATA
Descristion dication code ey
Armﬂvn!m:mz ‘medications
m Beer's Table 7
1CD9 / CCs for ICDS
1.This crterion appie toall
fents I the dementi
Stopatichlinergicfanimuscrincsn 1010/ CCfor €010 patertsin e dementia
08. Antcholinergics in  patients with delrium o demenia (isk .,
A A "Anticholinergics/antimuscari
dementia/delirium of exacerbation of cognitive nics"
impairment).
Medication variable  anticholinergics_table_7 anticholinergic medications.
from Beer' Table 7
METADATA METADATA METADATA A 8 c sk cone
Descristion
Bivolar disorder
1CD9 295 (Shizophrenic
disorders), 297 (delusional
disorders), 298 (other 1CD9 296 (Episodic mood
nonorganic psychoses), 301.2  disorders) OR CCS 5.8.1
(Shizoid personality disorder), (Bipolar disorders)
OR CCS 5.10 (Schizophrenia anc
other psychotic disorders)
‘Stop neuroleptic antipsychotic in
patients wih beha 1€09 / CCS for ICD9
psychological symptoms of dementia
09 I\nnps;chollu " (BPSD) unless symptoms are severe A A&(1B|1C)
and other non-pharmacological ey It
treatments have failed (increased risk schizotypal, and delusional F31 (bipolar affective
of stroke) 1CD10/CCS for ICD10. disorders) OR CCS MBDO001  disorder) OR CCS MBD003
(Schizophrenia spectrum and (Bipolar and related
other psychoti isorders) dsorders)
Medication vaiable  Antpsychatics il
Ao erAona METADATA sk cooe Notes

Medlutwn code

Dlamasls code

Limitations/Issues

Limitations/Issues

1. We exclude patients with
diagnosis code for
schizophrenic
disorders/psychosis or bipolar
disorder. 2. Medication
definition includes all
antipsychotics (1st and 2nd
generation)

1. Excluded "unless
symptoms are severe and
other non-
pharmacological
treatments have failed”

Limitations/Issues

METADATA

METADATA
Description

METADATA

vml sign

Svncope

Bradvcardia Heart block Heart rate

RISK coDE
Medicati

Bemrmocktr, digoxin,

diltiazem, verapamil

D11, Chels with
bradycardia/heart block

METADATA
D

Stop acetylcholinesterase inhibitors
with a known history of persistent
bradycardia (< 60 beats/min.), heart
block o recurrent unexplained smeone

rugs

blockers, digoxin, diltiazemn, verapamil
(risk of cardiac conduction failure,
syncope and injury).

METADATA

1€D9 / CCS for ICD9

1CD10/ CCS forICD10

Medication variable

METADATA

chei

A
Medication code

7802

B
Diagnosis code

426.0,426.10,426.12,
426.13,426.6,426.9,
746.86

4278

144.1,144.2,144.3,145.5,

149.5, R00.1
145.9,024.6

<60 beats/min

RISk coDE NOTES

METADATA WETADATA METADATA n
Description
Levoiops & coprive Prkion e
aaonists l tremor Lewv bodv disease_
1CD9 / CCS for ICDI 7810,333.1 332,333.0,331.6,331.82
ot ccstarteono aso G0 a1, o 6z,
D13. Levodopa or Stop levodopa or dopamine agonists for ER R
: st ; N nusaic
benign essential tremor efficacy)
P —
METADATA METADATA METADATA A o ik cooe orss
escriton Weicton code Diagnoss code
Fisgenroin
1CD9 / CCs for ICD9
O
- Firstgs (safer, less toxic antihistamines now  CD10/ CCS for ICD10 A A
antihistamines ‘widely available).
v g Medication variable ~first_gen_antihistamine
METADATA METADATA METADATA A o c sk cone
escriton
diaoxin CKD Staae 4 or hiaher Cvstatin C

EL Digoxin at doses
greater than 125 ug/day

Stop digoxin at a long-term dose
greater than 125y1g/day if eGFR < 30
mi/min/1.73m2 (risk of digoxin toxicity

1CD9 / CCS for ICD9
1CD10./CCS for ICD10.

585.4, 585.5, 585.6.
N18.4. N18.5.N18.6

AatTOD greater than 125 (A at TDD greater than 125

ug/day) &[B | ]

if plasma levels not measured). Medicatlon variable  digoxin Calculated eGFR < 30
METADATA METADATA METADATA A 8 g RISK o
Descrintion
kD Stage 4 or hiaher CystatinC
hibitors (¢ 1CD8 / CCs for ICDS 585.4.585.5.585.6
1€D10 / CCS for ICD10 N18.4, N18.5, N18.6
inhibitors if eGFR <30 dabigatran) if eGFR <30 A A&(B|C)
1/min/1.73m2 (risk of bleeding) thrombin Calculated eGFR <30
METADATA METADATA METADATA A 5 c RISK coe

A& (B within 1 year | C
within 1 year | D within
A 1 year | € within 1 year|
F (overlapping
prescription with A)]
beta_blocker, digoxin,
verapanil_dittiazem

Limitations/Issues

Limitations/lssues

1. Parkinson medication
variables includes levodopa and
dopamine agonists 2. Exclude
diagnosis of Parkinson disease,
secondary Parkinsonism, Lewy
body dementia, etc

Limitations/Issues

NOTES. Limitations/Issues
NOTES. Limitations/Issues
NOTES. Limitations/Issues

Limitations/Issues



D Description

Factor Xa inhibiors KD Stage 5 or iaher GstatinC
€3, Factor o i Stop factor Xa inhibitors (e.g. 1CD9 / CCS for ICD9 585.5.585.6
. eGFR<15 rivaroxaban, apixaban) if eGFR < 15 1CD10// CCs for ICD10 N18.5.N18.6 A A&(B|C)
! /1.73m2 (risk of bleeding) factor_Xa Calculated eGFR < 15
METADATA METADATA METADATA A B c RISK ‘CODE NOTES Limitations/Issues
Description i i
NNSAIDs (all) CKD Stage 3 or higher Cystatin C
1CD9 / CCS for ICD9 585.5.585.6
SopNADSHeGHR <50 10010/ cCalor 0 s a5 L Using defnin of GO
E4.NSAIDS i eGFR <50 mi/min/1.73m2 (isk of deterioration A A& pai ©
B technically CKD Stage 3 starts at
in renal function). Medication variable  nsaid Calculated eGFR < 50 0
METADATA METADATA METADATA A 5 c RisK cope NoTES Uimitatons/issues
D Descr
colchicine CKD Staae 5 or hiaher Cvstatin C
Stop colchicne I eGFR < 10 1C09/ CCS for €9 585.5.585.6
€5. Colchicne f eGFR < .
‘ml/min/1.73m?2 (risk of colchicine 1CD10 / CCS for ICD10 N18.5. N18.6 A A&(B|C)
toxicity) Medication variable _ colchicine Calculated eGFR < 10
METADATA METADATA METADATA A 5 c RisK cope NoTes Uimitatons/issues
D Descr
metformin CKD Staae 4 or hiaher Cvstatin C
E6. MetforminifeGFR<  Stop metformin if <GFR < 30 €9/ CCS for DI 585.4, 585 N A8 610
mljmin/t.73m2 (isk of lactic acdosis).'CP10/ CCS for ICD10 N18.4.N18.5.N18.6
Medication variable _ metformin Calculated eGFR <30
METADATA METADATA METADATA A c Risk cooe NoTEs Uimitatons/issues
D Descr Medication code Diagnosis code
body disease
1CD9 / CCS for ICD9 332,333.0,331.6,331.82
Stop prochlorperazine or 620, G21, 622, G23, G31.83, 1. Metoclopramide

LIRS e

Parkinsonism 1CD10 / CCS for ICD10 P N nes medication code includes
Parkinsonian metoclopramide and
symptoms). Medication variable  metociopramide prochlorperozine

Parkinsonism

METADATA METADATA METADATA A ] Risk coDE NOTES Limitations/Issues
Description Medication code Diagnosis code
High dose PPI

1CD9 / CCS for ICD9.
Stop PP for uncomplicated peptic ucer
disease or erosive peptic esophagtis at
F2.PPisatfulldose  full therapeutic dosage for > 8 weeks  1CD10/CCS for ICD10 A(>8 weeks or 60 days) A (>8 weeks or 60 days)
(dose reduction or earlier
discontinuation indicated).
Medication variable _poi
METADATA METADATA ETADATA A B Risk cope NOTES Limitations/Issues
Description Medication code Diagnosis code

METADATA METADATA METADATA B RIsK CODE NOTES Limitations/Issues

A
Description Medication code Diagnosis code

|

METADATA METADATA METADATA A Limitations/Issues
Description Medication code Medication
Inhaled corticosteroids,
antimuscarinic,
Theophvlline. odreneraics

METADATA METADATA METADATA Limitations/Issues

A
Description Medication code Diagnosis code

METADATA METADATA METADATA Limitations/Issues
Description

Anti-muscarinic
larrow anale alaucoma i
1CD3 /CCS for ICD9 356.2 600%.788.2%

Stop anti-muscarinic bronchoilators
3. Antimuscarinic (6 fPratropium, tiotroplum) witha 0515 s for 10 Ha02 Na0, R33
history of narrow angle glaucoma (may

bronchodiators with exacerbate glaucoma) or bladder A AsElQ
specific comorbidities
outflow obstruction (may cause urinary
retention). Medication variable  inhaled_anticholinergic
METADATA METADATA METADATA A ] Risk coDE NOTES Limitations/Issues
Description Medication code Diagnosis code

METADATA METADATA METADATA NOTES. Limitations/Issues
D Descri

NSAID (non-COX-2 inhibitors) _History of PUD, Gl bleeding. H2 antagonist

METADATA METADATA Limitations/Issues

A
Description Medication code Diagnosis code

METADATA METADATA Limitations/Issues

A
Description Medication code Diagnosis code

Limitations/Issues

METADATA METADATA A B
Description Medication code Diagnosis code

Limitations/Issues

METADATA METADATA METADATA
D Descri

A
Medication code




METADATA METADATA

Description

METADATA

RISK CODE

Limitations/Issues

NSAID.

colchicine.

Gout

METADATA METADATA METADATA RisK oo NOTES Uimitatons/issues
Description — e
COX-2 inhibitors ASCVD
410%,411%, 412, 413%, 414",
1CD9 / CCs for ICDS VA45.82.V45.81.36.0. 36.1
Hr.COx2selective S0P COX2 ‘e"d"“"e ”““‘Z 1010/ CCS for D10 120, 121%, 122*, 124", 125",
eCONselctive | concurrent ardovascuar disease Jo5s 2951 R s
(increasedrisk of myocardial infarctio
v disease
and s"okEi
Medication variable ~ cox2
METAOATA METADATA METADATA A 5 c RisK cope NoTES Uimitatons/issues
scription
NSAID Corticosteroids

METADATA METADATA METADATA RISK CODE NOTES Limitations/Issues
Description Medlutwn code Dlllnasls
Barrett's esophagus, Gl ulcer,
esophaditis, G hemorrhage
(ulcer of esophagus), 530.85
(Barrett’s esophagus), 531
(gastric ulcer), 532 (duodenal
ulcer), 533 (peptic ucersite
unspecife), 534 (gastojejunal
Ulcer), 535 (gastrits and
duodenitis), 537 (other
disorders of stomach and
duodenum), 578
(gasrointestina hemorrhage,
2515 labnovmah(y of secretion
of gast
‘Stop oral bisphosphonates in patients 1€D9 / ccs for ICD9
with a curtent o recent istory of
5. Oral bisphosphonates  upper gastointestinal disease
s ;::ehg sophagitis, gastrits, K20 (esophagitis), K21.0 (GERD A A&B within 1 year
ot o peptc e dseas, o with esophagits), K22.1 ulcer
upper gastrointestinal bleeding of esophagus), K22.7 (Barrett's
esophagus), K25 (gastric ulcer),
K26 (duodenal ulcer), k27
(pepic ucer), K28
1CD10 / CCS for ICD10 (gastrojejunal ulcer), K29
(gastrts and duodenits), K31
(other diseases of stomach and
duodenum), K92 (other
diseases of digestive system -
includes GI hemorrhage), E16.4
(increased secretion of gastrin)
Medication variable ol bisphosphonate
METADATA METADATA METADATA A B c RISK ‘CODE NOTES Limitations/Issues
Descriptic
Jarrow anale alauc
652 600", 788.2*
Stop antimuscarinic drugs with 1CD9 / CCs for ICD9
demenlla. or chronic cognitive
I1. Bladder impai it (risk of increased 1CD10 / CCS for ICD10 H40.2 N40, R33
antimuscivricewith  confusion, agtation) o nrrow e A A
D L S PO——
of uriary retention.
METADATA METADATA METADATA A B c RISK ‘CODE NOTES Limitations/Issues
Description
Alph-1 blockers Orthostatic hypotension Syncope.

METADATA METADATA METADATA Limitations/Issues
Descriotion Medlutwn code Dlanwsls code
Long-acting sulfonylureas
(chlorpropamide, glimepiride,
Ivburide. aliizide ER)
1CD9 / CCS for ICD9)
Stop sulphonylureas with a long
11. Long-acting duration of acton (e.g. libenciamide, '710/ CCS1orICD10
A A 1. Same as Beers criteria
sulfonylureas chlorpropamide, glimepiride) with type
2 diabetes mellitus
Medication variable  sulfonylurea_LA
METADATA METADATA METADATA A B Risk copE NOTES Limitations/Issues
Descriotion Medication code Diagnosis code
Heart failure.
428*,402.01,402.11, 402,91,
404.01,404.03, 404.11,
Stop thiazolidenediones [e. 1C09 / CCS for ICD9 40413, 404.91. 404.93
12,7208 n heartfalure 'S8 it2z0ne, pioglitazone) in patients 115 ceg for cp1o 150°,111.0,113.0,113.2 A A&s 1. 5ame as Beers criteria
with heart failure (isk of exacerbation
of heart falure)
Medication variable  tzd
TG0 METADATA METADATA Risk cope NOTES Limitations/issues
Description e Dlunmls code.

METADATA METADATA METADATA RISK copE Limitations/issues
Descrintion
Estroaens Breast cancer
1CD8 /CCS for ICD9 17,2330 452,453, 415.1
L Stop estrogens with a history of breast  1CD10/CCS for ICD10 50,005 180%,181°, 182+, 126"
o e cancer or venou A A&(B1Q)
ofbreast canceror (increased risk of recurrence).
Medication variable  estrogens
P METADATA METADATA RISk copE NOTES Umitations/issues
Description e G

METADATA METADATA

Description

METADATA

Medlutwn code
Androgens

RISK
Dlamasls code
Hypogonadism

cODE NOTES Limitations/Issues

1CD3 /CCS for ICD9

257.1,257.2,758.7



Stop androgens (male sex hormones) in
; £29.1,£89.5,Q98.0, Q98.1,
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e ‘:“"“’gﬁ"‘s - “"“:“ hypogonadism (risk of androgen A A&lB 1. 5ame as Beers criteria
ofspeclicindIcation toxicity; no proven benefit outside of
the hypogonadism indication).
Medication variable  androgens
METADATA METADATA METADATA A B Risk copE NOTES Limitations/Issues
Descrition Medication code Diagnosis code
- Stop benzodiazepines (sedative, may 1D9 / CCS for ICD8. 1. Same as sedative-hypnotics
KL Benzodiazepines  cause reduced sensorium, impair  1CD10 / CCS for ICD10 A A
benzo variable
balance). Medication variable benm
MHADATA MHADATA METADATA Risk copE NOTES Limitations/Issues
Medluﬁm code nl.msls code.
MHADATA MHADATA METADATA Limitations/Issues
METADATA METADATA METADATA RISk copE NOTES Limitations/Issues
Descrition Medlutwn code Dlanwsls code
eszopiclone, zaleplon,
zoloidem
1CD9 / CCS for ICD9)
w . Stop hyenotc Zugs . opidre, . . 1 same as Beers crteria
1ED10/CCS for ICD10 variable

protracted daytime sedation, ataxia).
Med\(allnn variable 7 drug

METADATA METADATA METADATA A Risk coDE NOTES Limitations/Issues
Description Medication code Dlamvsls code

annA METADATA METADATA RIsK cODE NOTES Limitations/Issues
Description Mlﬂlnﬂm code Dlunmls code

METADATA Limitations/Issues
Mlﬂlnﬂm code

1CD9 / CCS for ICD9
1CD10/CCS for ICD10.
Stop concomitant use. o¢ two or more A&A (overlapping
prescriptions for 2 drugs

with anticholinergic
properties)

M. Concomitant use of

dru
r more drugs with
N y anllmus(anmc/annchnlmerg\( . .
anticholinergic properties oror Medication variable  anticholinergics_table_7
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