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ABSTRACT

Introduction: Alzheimer’s disease (AD) is the
most common neurodegenerative form of
dementia. Pharmacological therapies for symp-
tomatic treatment, such as acetylcholinesterase
inhibitors (AChEIs) and memantine, have been
available in the USA since 2000. Over the past
decade, few studies have analyzed real-world
anti-dementia treatment patterns in the USA.
This study evaluated monotherapy AChEIs and
memantine treatment patterns among newly
diagnosed AD patients.
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Methods: A retrospective cohort study was
conducted using Medicare data and the Mini-
mum Data Set from 2008 to 2012. Patients aged
65-100 years with newly diagnosed AD (ICD-9
code: 331.0) and monotherapy AChEI or
memantine treatment initiated after diagnosis
were included. Descriptive treatment pattern
analyses, including discontinuation and switch,
were undertaken. Kaplan-Meier curves were
developed to examine the treatment duration.
Results: A total of 9812 newly diagnosed AD
patients were identified, with 56.7% (n = 5567)
first receiving anti-dementia treatment after the
initial AD diagnosis. Among patients initiating
monotherapy AChEIs or memantine after AD
diagnosis (N = 5200), 51.6% continued index
treatment during the entire follow-up period
(mean follow-up: 659.7 days) and 21.7% dis-
continued treatment. Of those who initiated
monotherapy treatment with an AChEI, 11.1%
received adjunct therapy with memantine.
Among patients with >1year of continuous
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treatment (mean follow-up: 834 days), 75.6%
remained on the index drug, 10.2% discontin-
ued during the remaining follow-up period, and
9.5% of the AD patients initiating AChEIs
received adjunct memantine therapy during the
remaining follow-up period.

Conclusion: In the USA Medicare population,
about 50% of the patients who initiated treat-
ment with AChEI or memantine after diagnosis
continued the index treatment, and more than
20% discontinued and were untreated after-
wards over the observation period. AD patients
initiating AChEIs or memantine were more
likely to remain on their treatment if they were
persistently treated for the first year.

Keywords: Alzheimer’s disease; Anti-dementia
drug; Real-world analysis; Treatment pattern

INTRODUCTION

Alzheimer’s disease (AD) is the most common
type of dementia, accounting for more than
60% of all cases, and is characterized by gradu-
ally declining cognitive and functional abilities
[1]. With a prevalence of 5.3 million, AD was
the sixth leading cause of death in the USA in
2015 [1]. Among patients aged >65 years, AD
was the fifth leading cause of death, with a
prevalence of 5.1 million in 2015 [2]. Due to the
long duration and nature of the disease, the
disability-adjusted life years—which measures
the burden of diseases by calculating the years
lost due to ill health—was estimated to be 339.0
per 100,000 persons for AD in 2010. This ranked
as the 12th highest for a disease in the USA [3].

Acetylcholinesterase inhibitors (AChEIs)—
including donepezil, rivastigmine, and galan-
tamine—have been the first-line
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pharmacotherapy for AD since 1997 [4]. It is
believed that persistent treatment with these
agents is crucial in obtaining clinical benefit [5].
In a meta-analysis of 22 clinical trials with fol-
low-up ranging from 6 weeks to 3 years, the
differences in cognitive subscales ranged from
1.5 to 3.9 points in favor of AChEIs compared to
a placebo [6]. In another meta-analysis of 29
clinical trials including 10,758 patients from
1966 to 2001, AChEIs were found to signifi-
cantly improve the Neuropsychiatric Inventory
by 1.72 points (95% confidence interval [CI]:
0.87-2.57), and activities of daily living (ADL)
by 0.1 standard deviations (SDs; 95% CI:
0.00-0.19) as compared to a placebo [7]. A
multicenter, natural history study of 201 AD
patients demonstrated that AchEl use was
associated with delays in reaching the func-
tional end point (Blessed Dementia Rating Scale
score >10) and mortality [8]. In general, AChEIs
are safe compounds, and side-effects are limited
to gastrointestinal symptoms [9, 10] but can
lead to significant morbidity in patients with
advanced disease [10]. Memantine is an
N-methyl-p-aspartate (NMDA) receptor antago-
nist which has been proved to improve cogni-
tion and behavior in moderate-to-severe AD
[11]. It has been approved for use in moder-
ate-to-severe dementia by the USA Food and
Drug Administration either as a monotherapy
or a component in combination with AChEIs
[12].

Although the early initiation and persistence
of treatment is thought to be important in
relieving the clinical symptoms of AD, a sub-
stantial number of AD patients do not receive
medication [13]. In a community-based USA
trial conducted in 2001, a majority of AD
patients (64.5%) were reported either by them-
selves or by their caregivers as not receiving
AChEI treatment [14]. Moreover, patients who
discontinued a particular treatment because of
adverse events or inadequate response are likely
to benefit from switching to other therapies
[15]. A study using a global function scale to
evaluate the efficacy and safety of rivastigmine
in AD patients who had previously failed to
respond to donepezil demonstrated that 56.2%
responded to rivastigmine [15].
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Previous studies assessing AD treatment pat-
terns in the USA using real-world data are scarce
and outdated [16-19]. Few studies have been
conducted in other geographical regions.
Research in the Republic of Ireland [20] found
that rates of non-persistence with anti-demen-
tia medications were 30.1% at 6 months and
43.8% at 12 months. Another recent study in
Germany [21] showed that after 1 year of fol-
low-up, nearly 60% of patients continued the
antidementia treatment.

This study was conducted to provide an
updated review of AD treatment patterns by
examining anti-dementia drug use (memantine
and AChEI) and establishing the time dynamics
of anti-dementia treatment initiation and
changes in previously untreated and newly
diagnosed AD patients using a USA nationally
representative sample from government medi-
cal insurance.

METHODS

Study Design and Data Source

A retrospective administrative claims analysis of
patients newly diagnosed with AD and who
initiated AD treatment with either AChEI or
memantine after diagnosis was undertaken.
Medical and pharmacy claims from the Medi-
care 5% national sample administrative data-
base and the Minimum Data Set (MDS) from
January 2008 through December 2012, the most
currently available data when initiating the
analysis, were used. Medicare claims data files
included hospital inpatient and outpatient,
Medicare carrier, Part D drug events, skilled
nursing facility, home health agency, hospice,
durable medical equipment, and Medicare
denominator files. MDS is a federally mandated
nursing home patient assessment instrument.
Its files were linked to Medicare data for nursing
home residents and were used to capture clini-
cal characteristics for AD patients admitted to a
nursing home facility. Patients included in the
treatment pattern analysis could live in a nurs-
ing home or community setting during the
study period.

Patient Selection

In compliance with ethics guidelines, this arti-
cle does not contain any new studies with
human or animal subjects performed by any of
the authors. Since the core study proposed
herein was for research purpose only and did
not include any individual identifiable data,
institutional review board (IRB) exemption was
approved for this study. The security of the data
meets the requirements of the Health Insurance
Portability and Accountability Act (HIPAA) of
1996.

Patients were identified if they were aged
65-100 years with diagnosis claims for AD (In-
ternational Classification of Diseases, 9th Revi-
sion, Clinical Modification [ICD-9-CM] code
331.0) during the identification period
(01JAN2009-30JUN2012) and the first AD diag-
nosis claim date was designated as the index
date. Patients were required to have an addi-
tional diagnosis claim for AD or a prescription
claim for an anti-dementia drug (donepezil,
rivastigmine, galantamine, memantine) after
index AD diagnosis. Each patient was required
to have continuous health plan enrollment
with medical and pharmacy benefits for at least
12 months pre-index date (baseline period) and
6 months post-index date. Patient data were
assessed until the earliest of death, health plan
disenrollment, or end of the study period (fol-
low-up period; Fig. 1).

For the purpose of identifying only patients
newly diagnosed with AD, those diagnosed with
AD or other AD-related dementia (ICD-9:
290.xx, 294.xx, 331.1, 331.2, 331.7, 331.82,
331.89, 331.9, 797) during the baseline period
and patients prescribed anti-dementia medica-
tion during the baseline period were excluded
from the study.

Patients were categorized as treated or
untreated based on the dementia treatment
(doneperzil, rivastigmine, galantamine, and
memantine) received after the first AD diagnosis
date. Patients who initiated AD treatment with
combination therapies were defined as having a
second anti-dementia drug with a >14-day
overlap with their first anti-dementia prescrip-
tion and having a second fill for both
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Fig. 1 Study design figure. AD Alzheimer’s disease.
*Patient data were assessed until the earliest of death,
disenrollment, or end of study period

components. To evaluate mainstream treat-
ment for AD, the study focused on patients who
initiated AD treatment with monotherapy after
their first AD diagnosis. Therefore, those who
initiated treatment with combination therapies
were not included in the treatment pattern
analysis.

Study Measures

Baseline Variables
Baseline socio-demographic and clinical char-
acteristics were examined during 12 months
prior to index AD diagnosis. Variables included
age, race, gender, geographic location, and
Charlson Comorbidity Index (CCI) score.
Comorbidities and concomitant medications
were also assessed during the baseline period.
For patients residing in a nursing home with
linked MDS data, AD-related severity indices
were examined, including the Cognitive Per-
formance Scale (CPS) and Activities of Daily
Living (ADL) scale. The CPS is designed to assess
the cognitive status of a nursing home resident.
The CPS has five components that address cog-
nitive and communication domains: memory,
decision-making, making self understood, pres-
ence of coma, and eating dependency. CPS
scores range from O (intact) to 6 (very severe
impairment) [22]. The ADL scale measures the
activities of daily living or tasks related to per-
sonal care of residents in the nursing home. The
ADL short form (ADL-SF) evaluates the capa-
bility of the resident on four items (eating,
personal hygiene, toileting, and locomotion)
and evaluates what the resident actually did.

The ADL-SF sums the individual ADL items
(rating of O to 4, with O indicating full inde-
pendence and 4 indicating complete depen-
dence) into a scale ranging from O to 16 [23].

Treatment Patterns

Treatment patterns were classified into four
mutually exclusive categories: switch, discon-
tinuation, retreatment, and ongoing. The index
treatment run-out date was defined as the pre-
scription fill date plus the number of days’
supply of the index drug without another fill in
45 days. Patients were included in the switch
group if they had a prescription of a different
AD treatment before the run-out date of the
index drug or within 45 days after the run-out
date of index drug. Patients who had an adjunct
therapy were also captured in this switch group,
defined as patients who were prescribed AChEI
and memantine concomitantly for >14 days
with a second refill for both of the components.
Discontinuation was defined as patients who
had no additional prescription for any AD
treatment after the index medication run-out
date and did not switch to other AD treatment
before the run-out date. Retreatment was
defined as patients who did not have a switch
but had any delayed AD treatment after 45 days
of run-out date of index drug and the drugs for
retreatment could be the same or different from
their index treatment. Patients who did not
have a 45-day gap of their index treatment or
added adjunct therapy were considered as hav-
ing ongoing treatment. Time-to-switch and
time-to-discontinuation were calculated as time
(in days) from the index treatment date to the
switch or discontinuation date.

Treatment pattern analysis was conducted
among overall AD patients who initiated AD
treatment with monotherapy. As a sensitivity
analysis, treatment patterns analysis was asses-
sed among patients in two subset groups,
specifically a) patients who were alive at the end
of the follow-up period and b) patients who
were alive and living in the community during
the study period, defined as no linked MDS data
information during the study period.

For the overall population and the two sub-
set groups in the sensitivity analysis, treatment
patterns were examined 1) for the entire
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Fig. 2 Treatment pattern analysis. a Treatment patterns

were examined for the entire follow-up period. b Treat-
ment patterns were examined after the subsequent 1 year
following initiation of AD treatment

follow-up period and 2) after the subsequent
1year following initiation of AD treatment
among patients with a >1-year follow-up after
treatment and ongoing treatment of an index
drug after 1 year (Fig. 2).

Patients with one fill of treatment were
examined and defined as “primary non-persis-
tence patients”. To measure treatment adher-
ence, the medication possession ratio (MPR)
was calculated for each index treatment among
patients with >2 fills for the index medication
(i.e., AChEI and memantine) prior to the earli-
est of run-out date of index treatment or switch.
The numerator was the total prescription days
of supply of the index drug. The denominator
was calculated using the date of last prescription
minus date of first prescription plus days of
supply of last prescription.

Statistical Analysis

Descriptive analyses were conducted for all
baseline and treatment outcome variables.
Number and percentage of patients were calcu-
lated for dichotomous and polychotomous
variables. Means and standard deviations (SDs)
were provided for continuous variables.
Time-to-switch and time-to-discontinuation
between donepezil, rivastigmine, galantamine,
and memantine were estimated using Kaplan—-
Meier curves. To examine time-to-switch,
patients with ongoing treatment were censored
at the time of follow-up end date, patients who
discontinued treatment were censored at the

index treatment run-out date plus 45 days, and
those with retreatment were censored at the
index treatment run-out date plus 45 days. To
examine time-to-discontinuation, patients with
ongoing treatment were censored as of the fol-
low-up end date, patients who switched were
censored at the switch date, and patients with
retreatment were censored at the retreatment
date. Patients who died were censored at the
end of the follow-up period.

RESULTS

After applying the selection criteria, we identi-
fied 9812 patients newly diagnosed with AD
between 2008 and 2012. Of those, 56.7%
(n=5567) were treated with anti-dementia
treatment after index AD diagnosis, of whom
5200 patients initiated monotherapy and were
included in the treatment pattern analysis
(Fig. 3).

On average, newly diagnosed AD patients
received monotherapy anti-dementia medica-
tion 136 days (4.5 months) after diagnosis (me-
dian: 39 days). Monotherapy-treated AD
patients received donepezil (67.8%),

Patients with 1 diagnosis claim for AD (ICD-9-CM: 331.0) during the identification
period (01JAN2009-30JUN2012) and an additional diagnosis claim for AD or

prescription claim for an i ia drug pezil, r
memantine) after the initial AD diagnosis during the study period
N=128,773

Y

Patients aged 5-100 years on the index date
N =125,582

v

Patients with continuous health plan enroliment with medical and pharmacy
benefits for 212 months pre-index date (baseline period) and 6 months post-
index date, with patient data followed until the earliest of death, health plan
disenroliment, or end of the study period
N = 66,268

v

Excluded patients diagnosed with AD (ICD-9-CM: 331.0) or other AD-related diagnoses (ICD-9:
290.xx, 294.xx, 331.1, 331.2, 331.7, 331.82, 331.89, 331.9, 797) during the baseline period
N =18,078

Y

Excluded patients prescribed an anti ia drug (d il,
ri igmil i i during the baseline period
N=9,812

| With AD Treatment N = 5,567 | | Without AD Treatment N = 4,245

| Monotherapy N = 5,200 | | Combination Therapy N=367 I

Fig. 3 Patient sclection flow chart. 4D Alzheimer’s
disease, ICD-9-CM International Classification of Dis-
eases, 9th Revision, Clinical Modification
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memantine (15.6%), rivastigmine (14.6%), and
galantamine (1.9%) as their first-line treatment.

Baseline Characteristics

The mean age of the study sample was
81.7 years, and the majority of the patients were
female (73.8%). Approximately 78% of the
population was white and 10.2% was black
(Table 1). The mean CCI was 3.3 and the most
common baseline comorbidities were hyper-
tension (75.4%), dyslipidemia (31.2%), and
diabetes (33.6%). The most commonly used
concomitant medications during the 1-year
baseline period were antihypertensives (77.5%),
treatments for dyslipidemia (49.2%), and opi-
oids (39.6%; Table 1). Baseline CPS and ADL
scores among study patients are presented in
Supplementary Table 1.

Treatment Patterns

Treatment patterns were calculated during the
entire follow-up period as well as after 1 year of
index treatment for patients who had a >1-year
follow-up and had treatment of an index drug
after 1year of treatment initiation (Table 2).
The entire follow-up time after treatment initi-
ation averaged 659.7 days.

Among patients who initiated monotherapy
with an AChEI or memantine, 2684 patients
(51.6%) had ongoing index treatment or were
retreated with index treatment after a 45-day
gap. Additionally, 1126 patients (21.7%) dis-
continued their index AD treatment and
received no additional AD treatment. The
highest rate of discontinuation was observed in
patients treated with galantamine (27.5%), and
the lowest discontinuation rate was observed in
patients treated initially with memantine
monotherapy (19.0%). Of those who initiated
monotherapy treatment with an AChEI
(N =4386), 11.1% received adjunct therapy in
the follow-up period. For AChEI users, patients
who initiated with galantamine had a relatively
high rate of switching to another AChEI (8.2%).
Switch rates to memantine from an AChEI were
relatively low and the highest rate was for
patients who  started treatment  with

Table 1 Bascline characteristics among incident AD
patients with monotherapy

AD patients with

monotherapy”
(N = 5200)
N/mean %/SD
Age (mean) 81.70 7.03
Age group
65-74 872 16.77%
75-84 2418 46.50%
85-94 1763 33.90%
95-100 147 2.83%
Race
White 4077 78.40%
Black 533 10.25%
Hispanic 307 5.90%
Asian 190 3.65%
Native American 21 0.40%
Other 64 1.23%
Unknown 8 0.15%
Gender
Male 1360 26.15%
Female 3840 73.85%
Geographic location
Northeast 965 18.56%
North Central 1076 20.69%
South 2283 43.90%
West 824 15.85%
Unknown 52 1.00%

Baseline comorbidity index

Charlson Comorbidity 3.31 2.77

Index score

Individual comorbidities

Myocardial infarction 269 5.17%
Congestive heart failure 885 17.02%
Peripheral vascular disease 732 14.08%
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Table 1 continued

Table 1 continued

AD patients with

AD patients with

monotherapy” monotherapy”
(W = 5200) (N = 5200)
N/mean %/SD N/mean %/SD
Subarachnoid hemorrhage 16 0.31% Anxiety disorders 165 3.17%
Intracerebral hemorrhage 26 0.50% Psychotic disorders 132 2.54%
Other and unspecified 42 0.81% Other mood disorder 717 13.79%
intracranial hemorrhage Pneumonia 320 6.15%
Occlusion and stenosis of 531 10.21% Dyslipidemia 3183 61.21%
pre-cerebral arteries
Benign prostatic 466 8.96%
Occlusion of cerebral 314 6.04% hyperplasia
arteries
Urinary tract infection 1341 25.79%
Transient cerebral 329 6.33%
. . Septicemia 92 1.77%
ischemia
3 0,
Acute, but ill-defined, 31 6.17% Hip fracture and other 608 11.69%
. fractures
cerebrovascular disease
. o
Other and ill-defined 353 679% ~ Other injuries 1528 29.38%
cerebrovascular disease Stroke 971 18.67%
Chronic pulmonary 1273 24.48% Baseline concomitant medications
disease Antipsychotics 395 7.60%
Rheumatologic disease 270 5.19% Antidepressants 1802 34.65%
Peptic ulcer disease 113 2.17% Hypnotics 825 15.87%
Mild liver disease 16 0.31% Anticoagulants 662 12.73%
Hemiplegia or paraplegia 66 1.27% Antiplatelets 741 14.25%
p
Moderate or severe renal 614 11.81% NSAIDs 1230 23.65%
discase Antihistamine 634 12.19%
H 0,
Diabetes 1749 33.63% Prostate-anticholinergic 984 18.92%
H 0,
Malignancy 622 11.96% Antidiabetics 1199 23.06%
3 0,
Moderate or severe liver 7 0.13% Antihypertensives 4032 77 54%
disease
Antiepileptics 742 14.27%
AIDS 3 0.06%
Antiemetic neuroleptics 453 8.71%
Hypertension 3923 75.44%
Opioids 2058 39.58%
Depression 1031 19.83%
Hormones 217 4.17%
Skin ulcers/cellulitis 584 11.23%
Stimulants 17 0.33%
Parkinson’s disease 193 3.71%
For dyslipidemia 2561 49.25%
Epilepsy 214 4.12%
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Table 1 continued

AD patients with

monotherapy”

(N = 5200)

N/mean %/SD
For Parkinson’s disease 253 4.87%
Anxiolytics 67 1.29%

AD Alzheimer’s disease, NSAIDs Nonsteroidal anti-in-
flammatory drugs, SD standard deviation

* N=489 (9.4%) monotherapy treated patients had
linked MDS data

rivastigmine, in which case 4.2% switched to
memantine during the follow-up period.
Approximately 25% of the patients switched
treatment and 20% discontinued treatment
about 8 months after index treatment initia-
tion. Differences were observed for time--
to-switch among patients prescribed the four
anti-dementia drugs. Patients who initiated
their treatment with rivastigmine had shorter
treatment durations before switching. Similar
outcomes were found for time-to-discontinua-
tion among the anti-dementia treatments,
while galantamine patients were more likely to
discontinue treatment in the first 2 years

(Fig. 4).

Table 2 Treatment pattern among incident AD patients with monotherapy

Index N Ongoing or Retreated
treatment retreated with with other
same index AD drug

drug

Discontinued Switch to  Switch to  Adjunct
any AChEI memantine therapy with
memantine
and AChEI

(a) Treatment pattern during the entire follow-up period

Donepezil 3527 1881 (53.33%) 231 (6.55%)
Rivastigmine 761 345 (45.34%) 68 (8.94%)
Galantamine 98 39 (39.80%) 5 (15.31%)
Memantine 814 419 (51.47%) 66 (8.11%)
Any 5200 2684 (51.62%) 380 (7.31%)
anti-dementia

drug®

Any AChEI® 4386 2265 (51.64%) 314 (7.16%)

971 (22.14%)

774 (21.94%) 107 (3.03%) 130 (3.69%) 395 (11.20%)
170 (22.34%) SO (6.57%) 32 (4.20%) 83 (10.91%)
27 (27.55%) 8 (8.16%) 1 (1.02%) 7 (7.14%)
155 (19.04%) 44 (5.41%) 130 (15.97%)
1126 (21.65%) 615 (11.83%)

485 (11.06%)

(b) Treatment pattern after the subsequent 1 year following initiation of AD treatment

Donepezil 911 692 (75.96%) 14 (1.54%)
Rivastigmine 129 88 (68.22%) 8 (6.20%)
Galantamine 19 15 (7895%) 2 (10.53%)
Memantine 193 151 (7824%) 3 (1.55%)
Any 1252 946 (75.56%) 27 (2.16%)

anti-dementia

drug®

Any AChEI™ 1059 795 (75.07%) 24 (2.27%)

128 (10.22%)

107 (10.10%)

97 (10.65%) 9 (0.99%) 12 (1.32%) 86 (9.44%)
0 (7.75%) 1(0.78%) S (3.88%) 14 (10.85%)
0(0.00%)  0(0.00%) 1(526%) 1 (5.26%)

21 (10.88%) 6 (3.11%) 12 (6.22%)

113 (9.03%)

101 (9.54%)

AChEI Acetylcholinesterase inhibitors, AD Alzheimer’s discase

* Any anti-dementia: donepezil, rivastigmine, galantamine, and memantine

® Any AChEL: donepezil, rivastigmine, and galantamine
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Fig. 4 Kaplan—Meier curve for time-to-switch and time-to-discontinuation among incident Alzheimer’s disease patients

with monotherapy

A total of 1252 patients had a >1-year fol-
low-up and had treatment of index drug after
1 year of treatment initiation, with an average
of 833.5 days of follow-up time after treatment
initiation. Among patients who started
monotherapy treatment with AChEI or
memantine, the majority of patients were more
likely to continue on treatment after 1 year of
therapy. 75.6% of patients stayed on their index
medicine throughout the observation period,
and 10.2% discontinued AD treatment at some
point after the 1year and had no subsequent
AD treatment. Of those who initiated
monotherapy treatment with an AChEI
(N =632), 9.5% obtained adjunct therapy with

100%] N,

80% =
60% L‘

40%

20%

% of Remaining on Index Drug

0%

0 250 500 750 1000 1250
Time to Switch after 1 year(Days)
Number at risk

Donepezil 911 486 211 80 11 0
Galantamine 19 9 5 2 1 0
Memantine 193 105 46 17 4 0
Rivastigmine 129 66 19 2 0 0
Donepezil Galantamine
Memantine Rivastigmine

memantine at some point after 1 year.
Kaplan-Meier curves for time-to-switch and
time-to-discontinuation were consistent and
indicated that patients were more likely to
remain on index treatment after 1year of
treatment initiation (Fig. 5).

Among those who renewed their index
AChEI at least once, the MPR of each index
treatment was high, indicating good adherence
to anti-dementia medication among newly
diagnosed AD patients and that the MPR did
not differ significantly among the four study
drugs. Adherence rates were 93, 92, 94, and 92%
for donepezil, rivastigmine, galantamine, and
memantine, respectively. Of note, the
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Fig. 5 Kaplan-Meier curve for time-to-switch and time-to-discontinuation after 1 year among incident AD patients with

monotherapy
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proportion of patients not renewing their index
treatment at least once, also called primary
non-adherence, varied across index treatment:
25, 40, 31, and 24% for donepezil, rivastigmine,
galantamine, and memantine, respectively.

As compared to the overall AD population,
similar treatment pattern results were found in
the sensitivity analyses among patients who
were alive at the end of the study period and
those who were alive residing in the commu-
nity. Of those who began their monotherapy
treatment with an AChEI, 52% continued index
treatment over the follow-up period and 75%
continued their index treatment over the sub-
sequent year (Supplemental Tables2 & 3).
Additionally, between 20 and 30% of patients
discontinued or switched treatment 8 months
after index treatment initiation (Supplement
Figs. 1, 2).

DISCUSSION

A retrospective cohort analysis was conducted
to evaluate treatment patterns among newly
diagnosed Alzheimer’s patients receiving
anti-dementia drugs (AChEIs and memantine)
after diagnosis for AD using USA Medicare
administration claims from 2008 through 2012.
Our study used both the Medicare claims and
linked MDS datasets to examine the treatment
patterns and characteristics of AD patients in
the USA, allowing us to capture more patient
and disease characteristics.

Previous studies have shown that non-treat-
ment of AD may be associated with poorer
outcomes [24, 25]. A recent study in Germany
found that the majority of incident AD cases did
not receive medication in conformity with care
guidelines in the year after incidence, which
was related to not visiting a specialist, living in
urban areas, age, and comorbid conditions [26].
Of the newly diagnosed and treatment-naive
patients identified in this study, approximately
56.7% received a pharmacologic AD treatment
at some time after diagnosis. A retrospective
claims analysis of dementia patients enrolled in
Medicare Parts A, B, and D showed a similar
treatment rate (49.3%) when considering
patients who were treated after diagnosis [27].

The current analysis also examined and com-
pared untreated versus treated patients (Sup-
plemental Table 4). Untreated patients tend to
be older, have greater disease comorbidity, and
worsened AD-related disease severity scores
compared to treated patients. This study did not
attempt to define the causal direction of this
relationship. Evidence from long-term observa-
tional controlled studies supports the early ini-
tiation and persistent exposure to AD therapy
for delaying nursing home admission and sig-
nificantly decelerating rates of cognitive and
functional impairment [10]. For moder-
ate-to-severe AD patients who are no longer
responding to lower doses, therapeutic trials of
higher dose AChEIs in combination with
memantine are recommended [10]. Side-effects
of AChEI therapy are largely mild and gas-
trointestinal but can lead to significant mor-
bidity in patients with advanced disease [10].
Patients who initiated treatment with a
monotherapy were mostly between the ages of
75-84 and had more severe comorbidities but
had similar AD-related disease severity scores to
those who were treated with a combination
therapy (results not presented). It is important
to note that the Medicare database lacks infor-
mation on disease stage which may have a sig-
nificant impact on treatment pattern.

Several studies have examined the treatment
patterns of anti-dementia drugs among AD
patients. A retrospective cohort study among
299 AD patients from January 2000 through
March 2005 showed that donepezil (mean
treatment duration: 83.3 weeks, median persis-
tence time: 70.3 weeks; 95% CI: 49.8-90.7) had
a significantly higher persistence compared to
rivastigmine (mean treatment duration:
76.6 weeks, median persistence time:
56.1 weeks; 95% CI: 36.1-76.2), galantamine
(mean treatment duration: 65.8 weeks, median
persistence  time: 56.7 weeks; 95%  CIL:
41.1-72.3), and memantine (mean treatment
duration: 60.9 weeks, median persistence time:
52.1 weeks; 95% CI: 35.2-69.1) [28].

Our study demonstrated the same trend of
donepezil having the highest percentage of
patients continuing treatment. Another retro-
spective claims analysis among 3091 AD
patients prescribed rivastigmine, donepezil,
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galantamine, or memantine found that 40% of
the patients discontinued treatment after a
mean duration of 119 (79.8) days [17]. This
number is higher than what we observed, with a
discontinuation rate of approximately 20%
during the follow-up period in this study. Since
patients were followed in the current analysis
until health plan disenrollment, death, or study
end, whichever occurred first, the discontinua-
tion rate may have been confounded by differ-
ent follow-up lengths. Additionally, the
patients with the higher discontinuation rates
were Medicare Advantage patients studied in an
era of higher treatment costs and may have
been treated prior to diagnosis.

Mucha et al. assessed the differences in var-
ious measures of medication adherence with
donepezil, rivastigmine, and galantamine [19].
The persistence rate of use with the initial
AChEI at 12 months was 36.4% for donepezil,
36.3% for rivastigmine, and 32.0% for galan-
tamine; in our study, the 12-month persistent
use was also higher for donepezil (35.3%,
911/2582) than for galantamine (24.4%, 19/78)
or rivastigmine (23.3%, 129/553). The preva-
lence use of AChEI in this study was lower
compared to the results reported in the Mucha
et al. study (2008) and may be due to (1) dif-
ferent study samples (in fact, Mucha et al.
included pharmacy and medical claims from
the Medicare Supplemental database whereas
this study utilized Medicare claims) and (2) the
inclusion of previously treated AD patients
(while we excluded these patients). In addition,
Mucha et al.’s adherence rates (approximately
70% for AChEIls) were lower compared to our
adherence rates (around 90% for AChEI or
memantine). The MPR in the current analysis
was assessed among patients with two fills dur-
ing the entire study follow-up (end of 2012 or
death) and before patients discontinued or
switched medication. MPR rates would have
dropped if primary non-adherent patients were
included in the MPR calculation.

A retrospective analysis using the MarketS-
can database from 1999 to 2002 showed that
47% of patients newly treated with rivastigmine
or donepezil continuously used the medications
with a mean duration around 235 days, and
patients were more likely to discontinue or

switch treatment if prior central nervous system
medications were prescribed [24]. The results of
our study suggest that around 20% of the sam-
ple had a treatment change (switch or discon-
tinuation) 8 months after initiation of the index
treatment.

This study found that when patients con-
tinued on the same AD treatment after 1 year,
they were more likely to remain on their AD
treatment. This was most evident among
patients prescribed donepezil for 1 year, and
76.0% continued their index drug after 1 year of
treatment. The results may suggest that once
AD is treated, persistence to treatment is valued
by the physician and/or patient. However, our
assumption is limited to the extent of the study
observation period. It is important to note that
this study is mainly descriptive. Multivariable
analysis, adjusting for patients’ clinical and
demographic characteristics, was not under-
taken. However, to assess the potential magni-
tude of confounding variables, sensitivity
analysis was performed excluding deceased
patients and patients living in a nursing home
(proxy for health status). Deceased patients or
patients who resided in a nursing facility were
assumed to have more comorbidities than the
general patient population. However, treatment
patterns were found to be similar across the
three population sets in our study.

As our findings (which remained robust in
sensitivity) were not able to provide important
insights regarding the relative determinants of
persistence with AChEI and memantine drugs,
the explanatory factors for utilization patterns
remain uncertain and require further investi-
gation. A population-based, real-world Cana-
dian study of 1000 patients (mean age 80 years)
suggested there is a greater persistence with
AChEI therapy for those aged 75-79 (vs. <70),
and comorbidity was shown to influence per-
sistence with AChEI therapy as evidenced by a
higher Chronic Disease Score [29].

This study included a comprehensive
description of the treatment patterns for the
most commonly prescribed anti-dementia drugs
(AChEIs and memantine). A strict and more
robust inclusion criterion was implemented to
capture only newly diagnosed AD patients. By
way of the study design, we also confirmed AD
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by requiring an additional AD diagnosis after
the initial AD diagnosis. Treatment pattern
results were presented for the entire follow-up
period and after the first year of treatment,
which showed the timing of switch, discontin-
uation, and retreatment for initial medications
among newly diagnosed AD patients.

The findings should be considered in light of
several other limitations. Given the observa-
tional nature of the study, only associations can
be drawn without causal linkage. Additionally,
retrospective claims analyses are subject to
coding errors or incorrectly entered diagnoses
that were primarily coded for administrative
processing rather than clinical completeness.
Finally, wvariables such as AD duration,
over-the-counter medication use, and patient
health behavior are not captured and, therefore,
could not be measured. Ultimately, many of the
estimates may be biased due to residual
confounding.

Although Medicare data have been widely
used in health outcome research studies, several
additional limitations have to be considered.
Our study included fee-for-service patients who
enrolled in Medicare Part A and B. Medicare Part
C, also known as Medicare Advantage, was not
used in this study, which may limit the gener-
alizability of the study results.

At the time of this analysis, the International
Classification of Diseases, 10th Revision
(ICD-10) was not implemented yet. The even-
tual shift from ICD-9 to ICD-10 codes will likely
improve results and quality of care since specific
coding that more accurately depicts patients’
actual conditions will allow for better and
effective disease management.

Due to the nature of the dataset, no clinical
measures were obtained for this study, intro-
ducing the possibility of confounding. For
example, no information on disease severity
was available, which may alter the treatment
pattern.

CONCLUSION

This retrospective study examined treatment
patterns for anti-dementia drugs (memantine
and AChEIs) among newly diagnosed AD

patients in the USA Medicare system. In this
USA Medicare population, approximately half
of the patients who were treated with AChEI
continued the index treatment, and more than
20% discontinued and were untreated after-
wards. Patients who initiated treatment with
AChEIs or memantine were more likely to
continue their treatment if they were persistent
on index treatment for the first year. Further
analyses will examine treatment patterns by

patient demographic and clinical
characteristics.
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