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Abstract

Background:  Use of potentially inappropriate medications (PIM) among people with dementia is common. We assessed the patterns of 
medication use from 1-year before dementia diagnosis, to 1-year after dementia diagnosis, compared with patterns of medication use in people 
without dementia.
Methods:  We conducted longitudinal study using the National Alzheimer’s Coordinating Center data. Adults aged 65 years and older newly 
diagnosed with dementia (n = 2,418) during 2005–2015 were year, age, and sex matched 1:1 with controls. Generalized estimating equation 
models weighted for missingness and adjusted for 15 participant characteristics were fit.
Results:  Among participants with dementia, number of medications reported 1-year prediagnosis was 8% lower than at diagnosis year (p < 
.0001) and 11% higher 1-year postdiagnosis compared with year of diagnosis (p < .0001). Among participants with dementia, the odds of 
PIM exposure, assessed using the 2015 Beers Criteria, was 17% lower 1-year prediagnosis (p < .0001) and 17% higher 1-year postdiagnosis 
(p = .006) compared with year of diagnosis. Among controls, there were approximately 6% more medications reported between consecutive 
years (p < .0001 each comparison) and the odds of PIM exposure increased 11% between consecutive years (p = .006 and p = .047). At each 
annual follow-up, participants with dementia had lower odds of PIM exposure than their controls (prediagnosis p < .0001, at diagnosis 
p = .0007, postdiagnosis p = .03, respectively). There were no differences in exposure to anticholinergic medications.
Conclusions:  Number of medications and PIM use increased annually for participants with and without dementia. Persistent challenge of 
increasing PIM use in this group of older adults is of major concern and warrants interventions to minimize such prescribing.
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Older adults with dementia compared with those without dementia 
are likely to use more medicines and experience harm (1). Of particu-
lar concern is use of potentially inappropriate medications (PIMs), as 
older adults with dementia compared with those without dementia 
are more likely to experience a pronounced sensitivity to adverse 
drug events. A number of reasons may account for PIM use among 
people with dementia including inadequate guidelines, lack of time 
during physician–patient encounters, diminished decision-making 

capacity, difficulties with comprehension and communication, and 
difficulties in establishing goals of care (2).

There is an increasing body of evidence on PIM use among 
selected populations of older people with dementia residing in nurs-
ing homes, community, and the acute care settings. According to an 
explicit list of medications with questionable benefit in people with 
advanced dementia, 53.9% of nursing home residents received at 
least one medication of questionable benefit (3). A  recent Scottish 
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study found that patients with dementia had greater comorbid-
ity and polypharmacy than other primary care patients, even after 
adjusting for age and sex (4). These findings are consistent with a 
Danish patient registry study in which dementia patients had 50% 
higher direct treatment costs compared with matched controls, in 
addition to greater morbidity and greater use of medications prior 
to dementia diagnosis (5). A large-scale observational study across 
eight European countries including community-dwelling and nurs-
ing home populations of adults with dementia found that 60% had 
at least one PIM prescription, assessed using the European Union 
(7)-PIM list, and 26.4% at least two (6). Moreover, use of two PIMs 
was associated with increased risk of fall-related injury and hospi-
talization over 3 months. Use of PIMs is also common among older 
adults with dementia admitted to hospital. In the acute care setting, 
a systematic review of observational studies investigating PIM use in 
older inpatients with cognitive impairment found that PIM preva-
lence ranged from 20.6% to 80.5% (7).

Although a number of studies have examined the use of PIM 
medications and high-risk medications among older adults with 
dementia (4,6,7), and use of antipsychotics in relation to the diag-
nosis of Alzheimer’s disease (AD) (8), at present, there is lack of evi-
dence as to whether a diagnosis of dementia may affect medication 
use, specifically if a diagnosis of dementia would increase the like-
lihood of PIM use. This is of clinical importance as it may help to 
identify whether interventions to improve PIM prescribing should 
be implemented following dementia diagnosis. Therefore, the aim of 
this study was to assess the patterns of medication use 1-year before 
dementia diagnosis and 1-year after dementia diagnosis compared 
with patterns of medication use among people without dementia.

Methods

Study Design and Population
The National Alzheimer’s Coordinating Center (NACC) was estab-
lished in 1999 through the funding by the National Institute on 
Aging. Since the inception of the Uniform Data Set (UDS) in 2005, 
past and present Alzheimer’s Disease Centers (ADCs) throughout 
the United States collected self-reported information and conducted 
standardized cognitive and behavioral assessments in participants 
with the full range of cognitive functioning, from normal to demen-
tia. Participants were recruited through clinician or self-referral 
(patients or family members) or through active community recruit-
ment strategies following ADC-specific recruitment protocols. 
Detailed descriptions of the cohort and various instruments and 
assessments used for data collection are available elsewhere (9–11). 
Briefly, NACC UDS data include information on sociodemographic 
characteristics, family history, medical history, and medication use. 
In addition, participants underwent cognitive and neuropsycho-
logical evaluations using validated instruments (9,11).

For this study, we used enrollment and yearly follow-up visit 
data collected between UDS inception and the December 2015 data 
freeze by 34 ADCs. Our design matched participants with incident 
dementia to participants without dementia to estimate the patterns 
of medication use from the year before the diagnosis, to the year of 
diagnosis, and the year after diagnosis. Of the 32,938 community-
dwelling participants enrolled at ADCs during study period, 2,729 
participants were newly diagnosed with dementia during cohort 
follow-up (ie, free of dementia at enrollment), of which 2,530 were 
65 years and older (Figure 1). We matched participants diagnosed 
with incident dementia to participants without dementia (controls) 
using incidence density sampling. Risk sets were created by year of 

dementia diagnosis (index year), such that a participant who was 
selected as a control could be later diagnosed with dementia. People 
with dementia were exactly matched to the controls by enrollment 
year, year at diagnosis, age, and sex. Using this algorithm, 2,524 out 
of 2,530 incident dementia cases were matched with a control. Of 
these, in 106 pairs, medication data was incomplete. Therefore, the 
analytic sample consisted of 2,418 matched pairs (4,836 partici-
pants) as shown in Figure 1. In the matched sample, 2,396 dementia 
cases and 2,409 controls had at least one follow-up assessment after 
the index visit.

Dementia Diagnosis
Participants in our study were deemed to have dementia if they 
met the standard criteria for dementia of the AD type or for other 
non-AD-related dementias based on comprehensive neuropsychi-
atric battery or cognitive assessment with a trained ADC clinician, 
as previously published (11–13). A diagnosis of AD was considered 
if the participant met the criteria for dementia and had probable 
AD as the primary clinical diagnosis based on the National Institute 

Figure 1.  Selection of study population.
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of Neurological and Communicative Disorders and Stroke and the 
Alzheimer’s Disease and Related Disorders Association (NINCDS/
ADRDA) criteria (14).

Medication Exposure
Medication exposure was measured using a systematic medication 
review approach (ie, the participant or a family member was asked to 
bring all the medications or a list of medications to the annual assess-
ment) to capture prescription and over-the-counter medications for 
the 2-week window preceding the yearly visit (11). Medication use 
was assessed using three approaches: (a) number of medications at 
each visit; (b) exposure to anticholinergic drugs measured using the 
updated version of the Anticholinergic Drug Scale (ADS) (15). For 
this study, we only considered ADS medication exposure as opposed 
to the ADS, as less than 45% of participants at baseline reported any 
ADS medication; and (c) PIM exposure measured using the updated 
2015 Beers Criteria list of medications independent of diseases (16).

Participant Characteristics
Sociodemographic characteristics included type of residence (single-
family residence, retirement community, assisted living or nursing 
home, or other), race (white, black, or other), level of education 
(high-school degree or less, college education, or graduate educa-
tion), living situation (lives alone, lives with spouse or partner, lives 
with relatives or friend, lives with group, or other), level of inde-
pendence (able to live independently, requires assistance, or com-
pletely dependent) years of cigarette smoking and body mass index. 
Comorbidities included severity of depressive symptoms measured 
using the Geriatric Depression Scale (0–4, 5–9, 10–15), the pres-
ence of psychiatric disorder (delirium, attention deficit hyperactive 
disorder, anxiety, bipolar disorder, bulimia, depression, dysthemia, 
episode of AD), the presence of behavioral symptoms (delusions, 
hallucinations, and agitation or aggression), cardiovascular disease 
(myocardial infarction, atrial fibrillation, angioplasty, past coronary 
artery bypass grafting surgery, current pace maker implantation, 
congestive heart failure, or other cardiovascular disease), stroke, dia-
betes, urinary incontinence (absent, recent/active, remote/inactive, 
or unknown), and transient ischemic attacks. Cognitive evaluation 
information was assessed using the Clinical Dementia Rating (CDR) 
global score conducted through an interview by a clinician (17). In 
our study to account for the severity of dementia, we included the 
CDR score categorized as no impairment (CDR = 0), questionable 
impairment (CDR = 0.5), mild impairment (CDR = 1), and moderate 
to severe impairment (CDR = 2 or 3).

Statistical Analysis
Baseline characteristics were summarized with means and SD for 
continuous variables and the difference between the groups was 
tested using t test. Categorical variables were summarized with 
frequencies and percentages, and the differences were tested using 
Pearson chi-square test. Number of medications reported 1-year pre-
diagnosis, at diagnosis visit (index year), and 1-year postdiagnosis 
were summarized using means and percentiles. Exposure to any ADS 
medication and exposure to any PIM medication were summarized 
with frequencies and percentages.

To account for missing data due to attrition (eg, death or loss to 
follow-up), we used weighted generalized estimating equation (GEE) 
models to investigate patterns of medication use in the year prior to 
a diagnosis of dementia, at the time of the diagnosis (index year), 
and the year after the diagnosis. The GEE models account for the 

within-person correlation and the weights account for attrition (18). 
To select covariates associated with missing data, we fitted a back-
ward selection logistic regression model with all observed poten-
tial predictors of attrition and retained covariates with p value less 
than or equal to 0.2. The weights, defined as the inverse probability 
of attrition, were estimated from a logistic regression model with 
an attrition indicator as the dependent variable and time of visit, 
medication value at previous visit, dementia diagnosis, sex, transient 
ischemic attacks, stroke, diabetes, and presence of psychiatric dis-
order as the covariates.

Each of the weighted outcome models was adjusted for age, sex, 
living situation, type of residence, psychiatric disorder, cardiovas-
cular disease, transient ischemic attack, stroke, diabetes, years of 
cigarettes smoking, global dementia rating, body mass index, sever-
ity of depression, urinary incontinence, time of visit, and the inter-
action between dementia diagnosis and time of visit. This interaction 
allowed comparisons between those with and without dementia, 
as well as between yearly observations for those with and without 
dementia. All models were selected based on quasi-information cri-
teria. For the outcome of the number of medications, a weighted 
Poisson GEE model with a log link function and an exchangeable 
within-person correlation was used to estimate adjusted relative 
risks (aRR) as risk ratios. For the outcomes of exposure to any ADS 
medications and exposure to any PIMs, a weighted logistic GEE 
regression model with logit link function and exchangeable working 
correlation was used to estimate adjusted odds ratios (aOR). Data 
analysis was performed using SAS version 9.4 (SAS Institute, Inc., 
Cary, NC).

Results

The descriptive statistics for baseline characteristics by incident 
dementia diagnosis are presented in Table 1. The mean age of the 
sample participants was 79 years, with the majority being white, liv-
ing with a spouse or partner in a single-family residence. The preva-
lence of the major comorbidities, mainly cardiovascular disease, 
was similar in participants with and without dementia. Medication 
exposures according to dementia diagnosis 1-year before diagnosis, 
at diagnosis, and 1-year after diagnosis are presented in Table 2. At 
diagnosis year, exposure to PIMs was identified in 66.0% of peo-
ple with dementia compared with 71.8% of people without demen-
tia. A list of the most prevalent PIMs is provided in Supplementary 
Table 1.

Medication Patterns for Participants Diagnosed With 
Dementia
Analyses comparing the medication exposures 1-year prediagnosis 
versus at diagnosis visit (index year) and 1-year postdiagnosis versus 
at diagnosis visit are presented in Table 3. The number of medica-
tions reported 1-year prediagnosis was 8% lower on average relative 
to the number of medications reported at diagnosis visit (aRR: 0.92; 
p < .0001). Furthermore, the number of medications reported 1-year 
postdiagnosis was 11% higher on average relative to the number of 
medications reported at diagnosis visit (aRR: 1.11; p < .0001). For 
exposure to ADS medications, there were no significant differences 
prediagnosis or postdiagnosis relative to at diagnosis visit. The odds 
of exposure to PIMs reported 1-year prediagnosis was 17% lower 
than the odds of exposure at diagnosis visit (aOR: 0.83; p < .0001). 
The odds of exposure to PIMs reported 1-year postdiagnosis was 
17% higher relative to the odds of exposure at diagnosis visit (aOR: 
1.17; p = .006).
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Medication Patterns for Participants Without 
Dementia
Among the matched-control participants without dementia, the 
number of medications reported 1-year before the index year was 
7% lower relative to the number of medications reported a year later 
(aRR: 0.93; p < .0001; Table 3). Furthermore, the number of medica-
tions reported 1-year after the index year was 6% higher relative to 
the number of medications reported at the index year’s visit (aRR: 
1.06; p < .0001). The odds of exposure to ADS medications was 
not significant at either annual comparison. The odds of exposure 
to PIMs reported 1-year before the index year was 11% lower than 

the odds of exposure at the index year’s visit (aOR: 1.11, p = .006). 
The odds of exposure to PIMs reported 1-year after the index year 
was 11% higher than the odds of exposure at the index year’s visit 
(aOR: 1.11; p = .047).

Comparisons of Participants With and Without 
Dementia at Each Annual Visit
Comparisons of the mean number of medications for participants 
diagnosed with dementia and their matched controls without 
dementia are showed in Table 4. There was no significant difference 
between the 1-year before and at the index year’s visit. However, the 

Table 1.  Demographic and Clinical Characteristics of Study Population at Baseline Visit

Baseline Characteristics Dementia (N = 2,418) No Dementia (N = 2,418) p Valuea

Age, mean (SD) 78.2 (7.4) 78.8 (7.5) NA
Female, N (%) 1,256 (51.9) 1,256 (51.9)
Race, N (%)
  White 2,066 (85.4) 2,013 (83.3)
  Black 258 (10.7) 347 (14.4)
  Other 87 (3.6) 56 (2.3) <.0001
Education, N (%)
  High school or less 630 (26.1) 491 (20.3)
  College 1,021 (42.2) 1,045 (43.2)
  Graduate 760 (31.4) 874 (36.2) <.0001
Living status, N (%)
  Lives alone 658 (27.2) 878 (36.3)
  Lives with spouse or partner 1,504 (62.2) 1,350 (55.8)
  Other living arrangements 256 (10.6) 188 (7.8) <.0001
Type of residence, N (%)
  Single-family residence 2,052 (84.9) 2,046 (84.6)
  Retirement community 239 (9.9) 267 (11.0)
  Assisted living 77 (3.2) 26 (1.1)
  Other 50 (2.1) 79 (3.3) <.0001
Comorbidities, N (%)
  Psychiatric disorder 172 (7.1) 124 (5.1) .004
  Cardiovascular disease 1,731 (71.6) 1,748 (72.3) .586
  Transient ischemic attack 203 (8.4) 168 (7.0) .059
  Stroke 204 (8.4) 131 (5.4) <.0001
  Diabetes 359 (14.9) 313 (12.9) .056
Body mass index (kg/m2), mean (SD) 24.4 (7.5) 25.7 (6.9) <.0001
Years of smoked cigarettes, mean (SD) 11.0 (16.0) 11.8 (15.8) .064
Urinary incontinence, N (%)
  Absent 1,870 (77.3) 1,912 (79.1)
  Recent/active 461 (19.1) 401 (16.6)
  Remote/inactive 84 (3.5) 96 (4.0) .069
Global Clinical Dementia Rating, N (%)
  No impairment 230 (9.5) 1,606 (66.4)
  Questionable impairment 2,066 (85.4) 808 (33.4)
  Mild impairment 116 (4.8) 4 (0.2)
  Moderate impairment 6 (0.3) 0 (0.0) <.0001
Geriatric Depression Scale, categories
  0–4 (normal) 1,957 (82.5) 2,193 (91.2)
  5–9 (mild) 331 (14.0) 187 (7.8)
  10–15 (moderate to severe) 75 (3.2) 22 (0.9) <.0001
Dementia diagnosis NA NA
  Alzheimer’s disease 2,075 (85.8)
  Lewy-body dementia 136 (5.6)
  Vascular dementia 92 (3.8)
  Frontotemporal dementia 30 (1.2)
  Other 85 (3.5)

Note: NA = not applicable.
ap Values for categorical variables were calculated using Pearson chi-square test and for continuous variables using t test.
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number of medications 1-year after the index year for those with 
dementia was 7% higher than the reported number of medications 
for those without dementia (aRR: 1.07; p  =  .004). There was no 
significant difference in the odds of exposure to any ADS medica-
tion at the three annual visits. The odds of exposure to PIMs among 
participants diagnosed with dementia was 28% lower 1 year before 
diagnosis (aOR: 0.72; p < .0001), 23% lower at diagnosis visit 
(aOR: 0.77; p = .0007), and 18% lower 1 year after diagnosis (aOR: 
0.82; p = .03) than the odds of exposure among participants without 
dementia.

Discussion

To our knowledge, this is the first study to compare patterns of 
PIM use before and after dementia diagnosis with matched con-
trols. Our study has four primary findings. First, overall medica-
tion burden among individuals with dementia was significantly 
higher (7%) 1-year postdementia diagnosis compared with indi-
viduals without dementia in the same year. Second, PIMs expos-
ure increased significantly over time in individuals with and 
without dementia. Third, PIMs exposure was significantly lower 

Table 2.  Description of Medication Exposure, Cognitive Function, Behavioral Symptoms, and Level of Independence Among Participants 
With and Without Dementia

1-Year Before Index Year At Diagnosis (Index Year) 1-Year After Index Year

Dementia 
(N = 2,418)

No Dementia 
(N = 2,418)

Dementia 
(N = 2,396)

No Dementia 
(N = 2,409)

Dementia 
(N = 1,488)

No Dementia 
(N = 1,853)

Medication exposures
  Number of medications, mean (SD) 6.8 (4.3) 6.6 (4.2) 7.4 (4.1) 7.2 (4.4) 8.2 (4.2) 7.6 (4.2)
  No medication use, N (%) 96 (4.0) 112 (4.6) 41 (1.7) 78 (3.2) 20 (1.3) 28 (1.5)
  Exposure to any ADS 
medications, N (%)

1,083 (44.8) 946 (39.1) 1,170 (48.8) 973 (40.4) 770 (51.8) 764 (41.2)

  Exposed to PIMs, N (%) 1,482 (61.3) 1,663 (68.8) 1,595 (66.0)a 1,735 (71.8) a 1,041 (69.4)b 1,380 (74.2)c

Cognitive function
  Clinical Dementia Rating sum 
of scores, mean (SD)

1.91 (1.44) 0.43 (0.78) 4.29 (2.61) 0.52 (0.91) 5.53 (3.38) 0.70 (1.44)

Behavioral symptoms, N (%)
  Delusions 121 (5.00) 14 (0.58) 244 (10.09) 24 (0.99) 194 (12.93) 21 (1.13)
  Hallucinations 46 (1.90) 6 (0.25) 131 (5.42) 9 (0.37) 100 (6.67) 13 (0.70)
  Agitation or aggression 502 (20.76) 207 (8.56) 683 (28.25) 239 (9.88) 454 (30.27) 184 (9.89)
Level of independence, N (%)
  Able to live independently 1,447 (59.8) 2,214 (91.6) 837 (34.6) 2,145 (88.7) 341 (22.7) 1,588 (85.4)
  Requires assistance 954 (39.5) 199 (8.2) 1,501 (62.1) 265 (10.0) 1,069 (71.3) 266 (14.3)
  Completely dependent 11 (0.5) 3 (0.1) 71 (2.9) 5 (0.2) 88 (5.9) 6 (0.3)

Note: ADS = Anticholinergic Drug Scale; PIM = potentially inappropriate medication.
aN = 2,418 for those exposed to PIMs. bN = 1,500 for those exposed to PIMs. cN = 1,860 for those exposed to PIMs.

Table 3.  Patterns of Medication Use Before and After Dementia Diagnosis Within Dementia and Time-matched Controls (Without Dementia)

Medication Exposurea Annual Comparisons Dementia p Value No Dementia p Value

Number of medicationsb,c aRR (95% CI) aRR (95% CI)
1-year before vs. at 
diagnosis

0.92 (0.89, 0.94) <.0001 0.93 (0.91, 0.95) <.0001

1-year after vs. at 
diagnosis

1.11 (1.08, 1.14) <.0001 1.06 (1.04, 1.08) <.0001

Exposure to ADS medicationsd,e aOR (95% CI) aOR (95% CI)
1-year before vs. at 
diagnosis

0.90 (0.81, 1.00) .06 1.02 (0.94, 1.10) .68

1-year after vs. at 
diagnosis

0.98 (0.88, 1.09) .69 1.01 (0.93, 1.10) .78

Exposure to PIMsd,e aOR (95% CI) aOR (95% CI)
1-year before vs. at 
diagnosis

0.83 (0.75, 0.91) <.0001 0.89 (0.82, 0.97) .006

1-year after vs. at 
diagnosis

1.17 (1.05, 1.32) .006 1.11 (1.00, 1.23) .047

Note: ADS = Anticholinergic Drug Scale; aOR = adjusted odds ratios; aRR = adjusted risk ratios; CI = confidence interval; GEE = generalized estimating equa-
tion; PIM = potentially inappropriate medication.

aThe models were adjusted for age, gender, living situation, type of residence, psychiatric disorder, cardiovascular disease, transient ischemic attack, stroke, dia-
betes, years smoked cigarettes, global dementia rating, body mass index, urinary incontinence, severity of depression, time of visit, and the interaction between 
dementia diagnosis and time of visit. bFor number of medications, the risk estimates are aRR. cPoisson GEE model was used for number of medications, weighted 
by inverse probability of dropout 1-year after diagnosis. dFor exposure to ADS medications and exposure to PIMs, the risk estimates are aOR. eLogistic GEE models 
weighted by inverse probability of dropout 1-year after diagnosis were used for the exposures to ADS medications and PIMs.
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for those diagnosed with dementia compared with individuals 
without dementia at all time points. Fourth, exposure to anti-
cholinergic medications was not significantly different in indi-
viduals with dementia when compared with individuals without 
dementia, and it did not increase over time regardless of cogni-
tive status.

The findings of this study show that overall medication use 
increased over time among older adults with and without demen-
tia. This is not surprising as it has been well documented that 
medication use increases with age (19). Moreover, among older 
adults with dementia, overall medication burden was higher com-
pared with older adults without dementia in the year after diagno-
sis of dementia. This might be due to the initiation of antidementia 
medications following the diagnosis of dementia, as well as the 
fact that the average patient with dementia has several other 
chronic conditions that require other medications, and typically 
receives care from five different providers annually (20). However, 
the finding that older adults with dementia are less likely to use 
PIMs over time compared with older adults without dementia is 
somewhat unexpected, and in contrast to prior research (4). It may 
be that addition of new diagnosis among individuals with other 
chronic conditions triggers ongoing review of the quality of care 
by treating clinicians, and subsequent limited prescribing of PIMs 
to this high-risk patient group. Regardless of this finding, the per-
sistent challenge of increasing PIM use among older adults still 
remains, and it warrants increasing interventions do reduce such 
prescribing.

Interestingly, in this study, use of anticholinergic medicines did 
not differ significantly over time or according to dementia diagno-
sis status. This finding could be due to a combination of reasons. It 
may be that clinicians are better at recognizing specific anticholin-
ergic medications, such as antipsychotics and antidepressants as 
opposed to monitoring all PIMs (eg, proton pump inhibitors, 
antispasmodics), which includes a range of therapeutic classes. 
Moreover, it could be due to the tool chosen to measure anticholin-
ergic burden, which are variably defined (21). Although many of 
PIMs and medications with anticholinergic effects may have an 
important clinical indication, there is growing evidence that the 
deleterious use of these medications may also outweigh the ben-
efits among people with dementia. We have previously shown that 
cumulative exposure to anticholinergic and sedative medications 

is associated with increased risk of hospitalization and mortality 
among older adults with AD (22). Use of antipsychotics (23) and 
antidepressants (24) has been linked to increased risk of hip frac-
ture among older adults with AD. Others have reported that risk 
of dementia is slightly higher in people with minimal exposure to 
benzodiazepines but not with the highest level of exposure (25). 
In another study, cumulative use of anticholinergic medications 
was associated with an increased risk for dementia (26). As such, 
although it may not be possible to deprescribe all PIMs or anti-
cholinergic medications, selective deprescribing of medications 
that have no clear indication or reducing the dose may minimize 
potential risk associated with these medications. Indeed, a recent 
study that enrolled participants from the University of Kentucky 
ADC cohort specifically targeted anticholinergic medications and 
showed that a patient-centered multidisciplinary intervention 
can reduce anticholinergic burden (27). In our recent study, we 
found that individuals with Lewy-body dementia reported higher 
PIM use than those with AD, whereas those with frontotemporal 
dementia reported lower PIM use (28). Therefore, tailored depre-
scribing intervention targeting PIM use among individuals with 
specific dementia diagnosis may be warranted.

Strengths of this study include that NACC data are collected 
in a standardized manner at ADCs throughout the United States 
and validated instruments are used to collect patient-reported 
information and to conduct in-depth cognitive evaluations in all 
participants. In addition, we used matching, adjusted analyses 
for many potential confounders, as well as weighted GEE mod-
eling approach that addresses missing data, thus reducing bias. 
Alternatively, the missing data can jointly model the medication 
outcome with the probability of missingness (29). Limitations of 
using NACC data stems from the collection of data at enrollment 
and yearly after and medications may have changed throughout 
the year. The findings of our observational study may not be gen-
eralizable to other populations as NACC is not a nationally repre-
sentative data repository. In particular, our population may not be 
representative of the entire U.S. population as NACC participants 
are generally more educated and more likely to receive care in 
academic hospitals and clinics. Therefore, careful consideration 
is needed when generalizing our findings to all older adults with 
and without dementia. Causality in changes in patterns of medi-
cation use cannot be attributed to a dementia diagnosis, but may 

Table 4.  Patterns of Medication Use in Participants Diagnosed With dementia Compared With Time-matched Controls (Without Dementia) 
Before, at, and After Diagnosis

Medication Exposurea

1 Y Before  
Dementia Diagnosis p Value

At Dementia Diagnosis  
(Index Year) p Value

1 Y After  
Dementia Diagnosis p Value

Number of medicationsb,c aRR (95% CI) aRR (95% CI) aRR (95% CI)
1.01 (0.97, 1.07) .55 1.03 (0.98, 1.08) .285 1.07 (1.02, 1.12) .004

Exposure to ADS 
medicationsd,e

aOR (95% CI) aOR (95% CI) aOR (95% CI)

1.04 (0.89, 1.22) .61 1.17 (0.99, 1.39) .06 1.13 (0.94, 1.37) .19
Exposure to PIMse aOR (95% CI) aOR (95% CI) aOR (95% CI)

0.72 (0.63, 0.82) <.0001 0.77 (0.67, 0.90) .0007 0.82 (0.68, 0.98) .03

Note: ADS = Anticholinergic Drug Scale; aRR = adjusted odds ratios; aRR = adjusted risk ratios; CI = confidence interval; GEE = generalized estimating equa-
tion; PIM = potentially inappropriate medication.

aThe models were adjusted for age, gender, living situation, type of residence, psychiatric disorder, cardiovascular disease, transient ischemic attack, stroke, dia-
betes, years smoked cigarettes, global dementia rating, body mass index, urinary incontinence, severity of depression, time of visit, and the interaction between 
dementia diagnosis and time of visit. bFor number of medications, the risk estimates are aRR. cPoisson GEE model was used for number of medications weighted 
by inverse probability of dropout 1 y after diagnosis. dFor exposure to ADS medications and exposure to PIMs, the risk estimates are adjusted odds ratios. eLogistic 
GEE models weighted by inverse probability of dropout 1 y after diagnosis were used for the exposures to ADS medications and PIMs.
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in part be motivated by the dementia diagnosis. Other factors, 
such as new or worsening severity of conditions or adverse effects 
of medications, may explain these changes. In relation to medica-
tion data, given that medication use asked about current medica-
tions taken by the participant (ie, within 14 days of the visit), we 
could not ascertain medication exposure that occurred between 
visits. Participants may have been misclassified as non-users if they 
started and stopped treatment between two consecutive visits. In 
terms of using the Beers Criteria, we only considered drug list as 
oppose to drug–disease interactions, which may have underesti-
mated PIM exposure.

Conclusion

Our findings suggest that number of medications increases annually 
among older adults with and without dementia. Moreover, the use 
of PIMs increases over time and is significantly lower among older 
adults with dementia compared with individuals without dementia. 
However, we did observe an increase in PIM use after dementia diag-
nosis. Further efforts are clearly needed to support better recognition 
of PIMs to minimize possible harms, and to ensure that clinicians are 
being cautious, and are individualizing therapies sufficiently in this 
high-risk population.

Supplementary Material

Supplementary data is available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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