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BACKGROUND: Medication management requires com-
plex cognitive functioning, and therefore, difficulty taking
medications might be an early sign of cognitive impair-
ment and could be a risk factor for Alzheimer’s disease
and related dementias (ADRD). Accordingly, people with
difficulty taking medications may benefit from more de-
tailed cognitive screening, potentially aiding in the diag-
nosis of ADRD,which is underdiagnosed.We are unaware
of evidence on medication management difficulties that
precede a real-world ADRD diagnosis in the USA.
OBJECTIVE: Examine the association between difficulty
taking medications and subsequent real-world ADRD
diagnoses.
DESIGN: Case-control study, using Health and Retire-
ment Study (HRS) survey data linked to Medicare claims.
PARTICIPANTS:A total of 1461HRS respondents with an
ADRD diagnosis observed from 1993 to 2012 (cases),
matched by year of birth, wave of HRS entry, and sex to
3771 controls with no ADRD diagnosis.
MAINMEASURES:We examined the association between
diagnosis of ADRD and self-reported difficulty taking
medications in the preceding years (1–2 and 3–4 years
prior to case definition). Control individualswere assigned
the index date from theirmatched case. Conditional logis-
tic regressions adjusted for age, sex, race, education, and
comorbidities.
KEY RESULTS: Compared with matched controls, cases
had higher prevalence of difficulty taking medications 1–
2 years prior to diagnosis (11.0% versus 2.3%), and 3–
4 years prior to diagnosis (5.8% versus 2.3%). Adjusted
analyses showed that compared with individuals without
ADRD, thosewith anADRDdiagnosis hadmore than four
times higher odds of difficulty taking medications 1–
2 years prior (OR=4.56 (CI 3.30–6.31)), and more than
two times higher odds of difficulty taking medications 3–
4 years prior (OR=2.41 (CI 1.61–3.59)).

CONCLUSIONS: Odds of medication difficulty 1–2 years
prior were more than four times greater for individuals
with ADRD diagnoses compared with those without
ADRD. Medication management difficulties may prompt
further cognitive screening, potentially aiding in earlier
recognition of ADRD.
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INTRODUCTION

Alzheimer’s disease and related dementias (ADRD) are
underdiagnosed,1, 2 which is concerning because of the missed
opportunities to inform care and facilitate planning by patients
and their families. Accordingly, prediction models have been
developed with the aim of improving detection, including
those that assess everyday memory deficits, executive func-
tion, and financial capacity.3–6 Unfortunately, many of these
models are complex, onerous, require data that makes them
difficult or impossible for primary care providers to use, and
no single model is universally applicable.3 Simply observable
risk factors that can be easily and quickly discerned as part of
routine primary care might serve as an initial tool for primary
care providers, which could suggest that detailed and validated
cognitive screening might be beneficial.
Instrumental activities of daily living (IADL) are a measure

of functional status among older adults, some of which may be
easily discernible for providers in their routine care.7 Many
IADLs require complex cognitive functioning, and a small
body of research has shown that functional status declines
for individuals in the years prior to a formal ADRD diagno-
sis.8, 9 In a notable prospective cohort study in France, Peres
et al. found that future cases of dementia had greater restriction
in four IADLs: telephone use, transportation, medication man-
agement, and managing finances. Restrictions in finances
were the first to manifest in future ADRD cases, occurring
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10 years prior to diagnosis.10 Another study showed the utility
of IADLs in screening tools, by combining money and med-
ication management with demographic and comorbidity data
in order to identify subgroups to target for cognitive screen-
ing.11 These results suggest that IADL restrictions could aid in
ADRD risk prediction, but the suggested measures remain
relatively complex and burdensome on a primary care
provider.
In this study, we focused on one IADL, difficulty taking

medications, as an early hint of cognitive impairment, because
of the high prevalence of use of prescription drugs among
older adults in the USA, and the simplicity of discerning these
difficulties. Prescription drugs are used by 91% of adults over
the age of 65 in the USA,12 and problems with medication
management and adherence are common, especially for those
with cognitive impairment.13 Additional research has found
decision-making regarding medication management to be im-
paired for people with mild cognitive impairment, which is
defined as cognitive problems that are greater than normal
age-related changes, but not as serious as dementia.14 Medi-
cation is considered one of the four core concepts of geriatric
care in an “age-friendly health system,” and routinely inquir-
ing about medication use is important for ensuring safe and
effective medication use.15 The widespread and frequent use
of prescription drugs, coupled with the ease of inquiry for
primary care physicians and pharmacists as a part of routine
care, suggest that difficulty taking medications could be an
especially important risk factor for ADRD. These signals
could improve risk prediction, and potentially be used as a
simple and inexpensive way to target additional cognitive
screening, and therefore facilitate earlier diagnosis of ADRD.
To our knowledge, existing work has not studied the relation-
ship between medication difficulties and real-world diagnoses
of ADRD. To this end, we examined the association between
difficulty taking medications and subsequent ADRD diagno-
ses among Medicare enrollees in the USA.

METHODS

Data and Sample

We conducted a nested case-control study in Health and
Retirement Survey (HRS) respondents with linked Medicare
claims data in the years 1993–2012.16 The HRS is conducted
by the University of Michigan (grant number NIA
U01AG009740), with survey waves every 2 years.16 After
in-person baseline interviews, most follow-up interviews are
conducted via telephone. Among HRS respondents, 80% con-
sent to have their data linked with Medicare claims, which
allows observation of all diagnoses and health care utilization.

Selection of Cases and Controls

We compared difficulty taking medications for cases with an
ADRD diagnosis (1997–2012) to matched controls without

diagnosed ADRD. Cases were selected by the incidence of
ADRD as defined in real-world claims data, according to the
Chronic Conditions Warehouse (CCW) ICD-9 codes of
ADRD (Supplementary Text S1). Index date for cases was
the date of incident ADRD (from CCW), and control individ-
uals were assigned an index date of their matched case. Con-
trol individuals were required to have three consecutive years
of fee-for-service enrollment at their index date, to ensure that
all recent diagnoses were observable.We excluded individuals
living in nursing homes, and those with missing medication
difficulty information. A total of 1461 eligible case individuals
were randomly assigned at most four control individuals (N =
3771) with same year of birth, sex, and wave of HRS entry, to
create an analytic sample of 5232 individuals, all of whom
were using medications. We matched on these three variables
in order to select appropriate comparators for our cases, while
still maximizing sample size. The process of selection for the
sample is in Supplementary Text S1.

Measures

The primary exposure was an indicator for if the individual
self-reported difficulty taking medications, as measured in the
HRS Instrumental Activities of Daily Living (IADL) assess-
ment (HRS question reported in Supplementary Text S1), and
compiled by RAND for the RAND HRS.17 The question
asked if, “(Because of a health or memory problem do you
have) any difficulty taking medications?” Proxy responses
were not used. For an individual with index date t, we exam-
ined difficulty taking medications at two points in time,
looking back from 90 days prior to date t: 1 or 2 years prior,
and 3 or 4 years prior (Fig. 1). The 90-day washout was
imposed in order to exclude medication difficulty measures
that were concurrent with a diagnosis. The time intervals of
measurement correspond to waves of HRS data collection,
which occurs every 2 years. Covariates were measured in the
HRS (year of birth, sex, wave of HRS entry, race/ethnicity,
and years of education), except for comorbidities, which were
measured in the Medicare claims (hypertension, stroke, acute
myocardial infarction (AMI), diabetes, atrial fibrillation, and
hyperlipidemia).

Statistical Analysis

We described cases and controls according to difficulty taking
medications, sociodemographic characteristics, and the pres-
ence of comorbidities. Conditional logistic regression models
were used to examine if difficulty taking medications in the
years t-4 to twas a significant predictor of an ADRD diagnosis
in year t (t = 1997–2012). Relative to their index date, t, we ran
two separate analyses for medication difficulties in the years t-
1 or t-2 (lag 1) and t-3 or t-4 (lag 2). The dependent variable in
both analyses was a binary indicator for if the individual was
diagnosed with ADRD in year t.
We used two models to control for different sets of covar-

iates. Model 1 captured the association of medication
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difficulties and ADRD with only parsimonious adjustment
(race/ethnicity indicators and quartiles of education years).
Model 2 included additional covariates for six comorbidities
frequently associated with ADRD (hypertension, stroke, AMI,
diabetes, atrial fibrillation, and hyperlipidemia); these comor-
bidities are also a proxy for overall medication burden. In a
robustness check, to control for the possibility that some
individuals with cognitive impairment may not accurately
report their difficulties taking medication, we analyzed a sub-
sample restricted to individuals whose cognitive screening
(measured in HRS as the sum of Total Word Recall and
Mental Status scores18, 19) did not suggest ADRD prior to
index date (as far back as their first wave in HRS).

RESULTS

The sample for individuals included in analyses of medication
difficulties 1–2 years prior to ADRD diagnosis is described in
Table 1 (N = 5232). The analytic sample for analyses of med-
ication difficulties 3–4 years prior to diagnosis is partially
overlapping, corresponding to the set of individuals with the
medication management difficulty question observed 3–
4 years prior to time t (N = 4595; this sample is described in
Supplementary Table S1, and does not vary meaningfully
from Table 1).
In the sample for analyses of medication difficulties 1–

2 years prior to ADRD diagnosis (Table 1), 1461 cases were
diagnosed with ADRD, 5.8% of whom had difficulty manag-
ing their medications 3–4 years prior to diagnosis, as opposed
to 2.3% of their matched controls. When examining 1–2 years
prior to diagnosis, 11.0% of cases had difficulties, compared
with 2.3% of controls. The cases were slightly older than
controls (mean, 79.2 vs 77.7 years), more likely to be Black
(18.6% vs 12.2%) or Hispanic (3.8% vs 2.3%), had fewer
years of education (10.6 vs 11.4), and had higher rates of

hypertension (83.9% vs 71.1%), stroke (29.2% vs 12.3%),
acute myocardial infarction (AMI) (7.5% vs 5.6%), diabetes
(39.3% vs 29.2%), atrial fibrillation (19.1% vs 12.0%), and
hyperlipidemia (66.0% vs 59.1%).
The adjusted odds ratios (OR) for the associations between

difficulty taking medications and subsequent ADRD are re-
ported in Fig. 2. Model 1, which controlled for race/ethnicity
and education, had very similar results to model 2, with

Fig. 1 Study design and data sources. Notes: Index date is incident ADRD for cases, and for controls, it is the diagnosis date of their matched
case. Year t-1 ends 90 days before index date; lag 1 is captured 1 or 2 years before that, and lag 2 is captured 3 or 4 years before. The timing of
the lags corresponds to the waves of HRS (Health and Retirement Study) data collection, which occur every 2 years. ADRD, Alzheimer’s

disease and related dementia diagnoses

Table 1 Sample Characteristics of Cases and Controls

Total ADRD No
ADRD

N 5232 1461 3771
Age (mean, SD) 78.1

(7.3)
79.2
(7.5)

77.7 (7.1)

Female (%) 59.4 60.4 59.0
Race/ethnicity (%)
White 81.7 75.8 84.0
Black 14.0 18.6 12.2
Hispanic 2.8 3.8 2.3
Other 1.1 1.2 1.1
Asian 0.4 0.5 0.3

Education years (mean, SD) 11.2
(3.2)

10.6
(3.6)

11.4 (3.0)

Medication difficulties (%)
Index date (t) 8.4 21.5 3.8
1 or 2 years prior to index

date
4.7 11.0 2.3

3 or 4 years prior to index
date

3.3 5.8 2.3

Diagnoses (%)
Hypertension 74.7 83.9 71.1
Stroke 17.0 29.2 12.3
AMI 6.2 7.5 5.6
Diabetes 32.0 39.3 29.2
Atrial fibrillation 14.0 19.1 12.0
Hyperlipidemia 61.0 66.0 59.1

Characteristics of HRS respondents with linked Medicare claims (1993–
2012). Cases had a claims-based diagnosis of ADRD in year t, and were
matched to 1–4 controls who had the same sex, age, and wave of entry.
Sample restricted to community-dwelling individuals with non-missing
medication difficulty 1 or 2 years prior index date. Diagnoses are
assessed prior to index date. ADRD Alzheimer’s disease and related
dementias, HRS Health and Retirement Study, AMI acute myocardial
infarction
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additional adjustment for comorbidities. Model 2 showed that
cases with ADRD had 456% higher odds of difficulty taking
medications 1–2 years prior (OR = 4.56, CI 3.30–6.31,
p < 0.001, and 241% higher odds of difficulty taking medica-
tions 3–4 years prior (OR = 2.41, CI 1.61–3.59, p < 0.001).
The ORs for specific comorbidities are featured in Supple-
mentary Table S2, along with results from robustness checks.

DISCUSSION

We used HRS survey data and linked Medicare claims to
examine difficulty taking medications for individuals in
the years preceding an ADRD diagnosis, comparing them
to matched controls who did not receive a diagnosis.
ADRD diagnosis was significantly associated with past
difficulty taking medications, with more than four times
the odds of difficulty 1–2 years prior to diagnosis, and
more than twice the odds 3–4 years prior. These findings
suggest that medication management difficulties are a risk
factor for ADRD. The presence of difficulties may help
identify older adults with early signs of ADRD, potential-
ly prompting the subsequent use of validated cognitive
screening tests.
Difficulty taking medications is associated with cognitive

impairment,20, 21 and it is plausible that the medication diffi-
culties measured among those who subsequently developed

ADRD in our study represent an unnoticed worsening of
cognitive status. Importantly, self-reported medication diffi-
culties are easily discernible by primary care physicians and
pharmacists. Other IADL measures associated with future
ADRD incidence, like financial capacity or credit score,5, 6

are not easily apparent to healthcare providers. Additional
measures used in ADRD prediction models, such as comor-
bidities and genetics, are more burdensome on the provider to
ascertain, and are therefore harder to include in routine care.
Medication difficulties, on the other hand, are simple and fast
to discern, and therefore could be easily used to improve risk
prediction, and possibly also identify individuals for validated
cognitive screening tests. Furthermore, better identification of
medication difficulties could have additional benefits related
to non-adherence and polypharmacy.
Our results build on earlier evidence that found declines in

functional status in the years prior to ADRD diagnosis,8, 9

including the work on IADLs by Peres et al.10 This French
study with regularly scheduled neurologist follow-up visits
found that in addition to restrictions related to telephone use,
transportation, and management of finances, restrictions in
medication responsibilities were significantly associated with
dementia diagnosis 5 years later (OR = 3.49, CI 1.63–7.48,
p = 0.001), and 2 years later (OR = 3.13, 1.70–5.75, p =
0.002).10 Our findings in the American context are similar,
except we found that the association increased with proximity
to diagnosis date. A difference in our study is that our index

Fig. 2 Association of ADRD incidence (year t) and medication management difficulties 1–2 years prior (lag 1) and 3–4 years prior (lag 2). Notes:
Odds ratios from conditional logistic regressions of ADRD incidence (year t) as related to medication management difficulties in previous years
(lag 1 is difficulties measured 1 or 2 years before index date, and lag 2 is difficulties measured 3 or 4 years before index date). Model 1 adjusts

for race/ethnicity and education; model 2 adjusts for race/ethnicity, education, and indicators for if the person was diagnosed with
hypertension, stroke, acute myocardial infarction, diabetes, atrial fibrillation, and hyperlipidemia. Sample is HRS respondents with linked

Medicare claims (1993–2012). Cases had a claims-based diagnosis of ADRD in year t, and were matched to 1–4 controls who had the same sex,
age, and wave of entry. Sample restricted to community-dwelling individuals with non-missing medication difficulty 1 or 2 years prior to year t
(N = 5232) and 3 or 4 years prior to year t (N = 4595). ADRD, Alzheimer’s disease and related dementias; HRS, Health and Retirement Study
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date referred to a real-world clinical diagnosis, compared with
a research-based diagnosis (part of regularly scheduled
neurologist follow-ups) in the French study.
Our study has limitations, including residual confound-

ing. Self-reported measures may not accurately reflect
medication management difficulties, especially for indi-
viduals experiencing cognitive impairment. We therefore
conducted a sensitivity analysis in a subsample where we
removed anyone whose cognitive screening in HRS
showed signs of ADRD prior to index date, and these
results confirmed the main results. It is also important to
acknowledge that HRS responses about difficulty taking
medications that were provided via telephone may differ
from responses given in-person to a clinician, which may
reduce the generalizability of our findings. Another limi-
tation is that we did not know the cause of difficulty
taking medications. While it seems probable that the dif-
ficulties were related to cognition, evidence has shown
difficulty taking medications is associated with worse
health status,22 and lower medication refill persistence
for individuals taking a greater number of medications.23

Indeed, Table 1 shows that diagnostic risk factors for
ADRD are more prevalent in cases, as would be expected.
However, model 2 adjusts for these factors (e.g., comor-
bidities), which also proxy for medication burden; this
model gives us confidence that our results are unlikely
to be driven by underlying comorbidities or medication
burden. We also note that severity of illness could be a
confounder, which is only partially addressed by including
comorbidity indicators that may be correlated with sever-
ity of illness. A final limitation is that since our lagged
analyses used slightly different samples (according to non-
missing medication difficulty information at the time of
the lag), the ORs for the different lags are not directly
comparable.
In conclusion, this study makes an important contribu-

tion to understanding how information that can be easily
and quickly collected as part of routine clinical care is
related to future diagnosis of ADRD. Given that formal
diagnosis of ADRD is often delayed beyond its actual
onset, leading to underdiagnosis of ADRD, it is important
to identify signs of early cognitive impairment. Such hints
could improve risk prediction, and serve as one of many
aids to primary care providers to prompt the subsequent
use of validated cognitive screening, which could ulti-
mately improve diagnostic timing and accuracy. This is
especially important for racial/ethnic minorities with ele-
vated risk of underdiagnosis.24 Benefits of improved di-
agnostic timing could include benefits from pharmaceuti-
cals and other therapies, including those yet to be devel-
oped, which can provide modest delays in the progression
of ADRD for some patients.25 Better informed patients
and caregivers can plan more adequately for the cognitive
decline that will accompany progression, optimize care for
comorbidities, and possibly experience reduced stress and

anxiety. Future work should continue to examine how to
improve early recognition of cognitive decline, without
overburdening providers and caregivers.
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