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Abstract

Objective To investigate whether cholinesterase inhibitors (ChEIs) are associated with slower

cognitive decline in Alzheimer dementia and decreased risk of severe dementia or death.

Methods Patients with Alzheimer dementia from the Swedish Dementia Registry starting on
ChEls within 3 months of the dementia diagnosis were included and compared to nontreated
patients with Alzheimer dementia. In a propensity score-matched cohort, the association
between ChEI use and cognitive trajectories assessed by Mini-Mental State Examination
(MMSE) scores was examined with a mixed model, and severe dementia (MMSE score <10) or

death as an outcome was assessed with Cox proportional hazards models.

Results The matched cohort included 11,652 ChEI users and 5,826 nonusers. During an average
of 5 years of follow-up, 255 cases developed severe dementia, and 6,055 (35%) died. ChEI use
was associated with higher MMSE score at each visit (0.13 MMSE points per year; 95%
confidence interval [CI] 0.06-0.20). ChEI users had a 27% lower risk of death (0.73,95% CI
0.69-0.77) compared with nonusers. Galantamine was associated with lower risk of death (0.71,
95% CI 0.65-0.76) and lower risk of severe dementia (0.69, 95% CI 0.47~1.00) and had the
strongest effect on cognitive decline of all the ChEIs (0.18 MMSE points per year, 95% CI 0.07—
0.28).

Conclusions ChEIs are associated with cognitive benefits that are modest but persist over time

and with reduced mortality risk, which could be explained partly by their cognitive effects.

~__PDF
Galantamine was the only ChEI demonstrating a significant reduction in the risk of developing

Help
severe dementia.

Classification of Evidence This study provides Class III evidence that for patients with
Alzheimer dementia ChEIs decrease long-term cognitive decline and risk of death and that

galantamine decreases the risk of severe dementia.

Glossary
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ChEI = cholinesterase inhibitor; CI = confidence interval; DDD = defined daily dose; DOMINO-
AD = Donepezil and Memantine in Moderate to Severe Alzheimer's Disease; HR = hazard ratio;
ICD-10 = International Classification of Diseases, 10 revision; MMSE = Mini-Mental State

Examination; RCT = randomized clinical trial; SveDem = Swedish Dementia Registry

The acetylcholinesterase inhibitors (ChEIs) and the NMDA receptor antagonist memantine are
hitherto the only specific pharmacologic treatments approved for Alzheimer dementia, the most
common type of dementia.! Although their benefit appears to be modest,?3 a significant body of

evidence supports their effectiveness for improving cognition and their cost-effectiveness.*!?

Degeneration of basal forebrain cholinergic neurons is one of the earliest findings in Alzheimer
dementia and precedes dementia development.'*!* Progression of Alzheimer dementia is better
correlated with cholinergic system dysfunction than amyloid plaque load." Reduction of the
volume of the basal forebrain precedes changes of hippocampal volume and predicts the cortical

spread of Alzheimer pathology.'s

ChEls work by maximizing the availability of endogenous acetylcholine in the brain.”” However,
few randomized clinical trials (RCT's) have examined the effectiveness of ChEIs in Alzheimer
dementia after 1 year of treatment'®~?* or followed up patients beyond this point.?’ Studies of
long-term cognitive decline are difficult due to high attrition and loss to follow-up.? Although
not RCTs, follow-up of ChEI-treated Alzheimer dementia cohorts has shown small cognitive
benefits at 2, 3, and >10 years.”*? Moreover, a positive short-term response to ChEIs can delay

nursing home placement.? Other studies have shown associations between ChEI use and

. s 1 . ] 5 5 . PDF
decreased risk of myocardial infarction, stroke, and death in patients with dementia.?

Help

We conducted a longitudinal cohort study on the Swedish Dementia Registry (SveDem) to
investigate whether the cognitive benefit of ChEIs in routine settings persists over the long term

and whether ChEI use is associated with decreased risk of severe dementia and death.

Methods

CONTINUE
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Results

Baseline Characteristics

Figure 1 shows how the propensity score-matched cohort was assembled. Table 1 and table e-2
show the baseline characteristics by ChEI treatment in patients with Alzheimer dementia before
and after matching. Patients who were not on ChEIs were older, had lower MMSE score and
more comorbid conditions such as cardiovascular disorders, and took more medications than
treated patients (table e-2). Matching removed many of the significant imbalances, especially in
age (standardized difference decreased from 67% to 1%), baseline MMSE score (46% to 0%),
hypertension (29% to 0%), congestive heart failure (28% to 2%), history of atrial fibrillation (28%
to 0%), and prescription of B-blocker (26% to 1%).

Table 1 . .. .
View inline  View popup

Baseline Characteristics of Patients With Alzheimer Dementia in the Propensity Score-Matched Cohort

The final propensity score-matched cohort included 11,652 ChEI users and 5,826 nonusers; 62%
were women with a mean age of 81.2 £ 6.3 years. Mean baseline MMSE score was 21.2+£4.2
points, and the most common comorbid condition was hypertension (74%), followed by
cerebrovascular disease (17%), diabetes (16%), atrial fibrillation (16%), and cancer (16%).
Antihypertensive and lipid-modifying agents were highly prescribed (table 1). The median time
between the dementia diagnosis and ChEI prescription was 2 (interquartile range 0-10, range 0-

90) days. Among ChEI users, donepezil accounted for 62% prescriptions, followed by FOE

galantamine (21%) and rivastigmine (17%). =

ChEI Use and Long-term Cognitive Decline
In total, 27,199 measures of MMSE were available for analysis. The number of MMSE
measurements for each natient was 1.6 + 0.9 (range 1-7): 6.802 (40%) had >1 MMSE
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points for users and nonusers combined. These associations were consistent throughout several
sensitivity analyses (tables 2 and 3), when estimating from raw data, and when applying a
multiple imputation on missing MMSE measurement and adjusting for the inverse probability
weighting for dropout during follow-up. Individual ChEI drugs showed an association with
higher cognition at follow-up compared to nonusers, with galantamine presenting the largest
effect size (0.18 MMSE points change, 95% CI 0.07-0.28) (table 2). There were no significant

differences among different ChEIs effects on cognition (p,__, > 0.05).

Table 2 . . .
View inline  View popup

Mixed Model Output of Estimated Cognition Trajectories Among ChEI Users and Nonusers

Table 3 . Lo .
View inline  View popup

Estimated of Cognition Trajectories Among ChEI Users and Nonusers

Analyses stratified by Alzheimer dementia and mixed Alzheimer dementia diagnosis did not find
any marked difference in the effects of ChEI between the Alzheimer dementia group and the
mixed dementia group (0.14 [95% CI 0.05-0.24] vs 0.12 [95% CI 0.01-0.22] MMSE points
change in the Alzheimer dementia and mixed Alzheimer's dementia group, respectively) (table e-
3, doi.org/10.5061/dryad.2jm63xsmz). Patients who had lower cognition at the time of diagnosis
(MMSE score <20) had benefits similar to those with higher MMSE scores (0.17 [95% CI 0.0827
0.28] vs 0.10 [95% CI 0.01-0.18] MMSE points change in the groups with MMSE score <20 and
%20, respectively) (table e-3).

Figure 2A shows the dose-response effects of ChEI on cognition. Higher dispensed doses of
ChEI were associated with higher MMSE measurements during follow-up. This association was

generally observed throughout the Whole range of doses considered with a modest but
‘ When :

SIgmﬁcant EHBC ‘ parate “hEISs were ci CONTINUE 03¢/ respotise of

donepez1l ylelded results mm%arto;he ovei‘éll C hEI ‘exposure (figure e-1A,
doi.org/| drﬂ,a’i96d|£gl,ryad.2)m63xsmz). Patients taking galantamine showed improved MMSE

hitps://n.neurology.org/content/96/17/e2220 10/28
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scores at follow-up, and this was significant when dispensed doses were >16 mg/d (DDD >1).
Although rivastigmine use was significantly associated with improved cognition (shown in

table 2), a dose-response effect could not be demonstrated (figure e-1B and e-1C).

Download figure

Open in new tab
PDF
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Download powerpoint

Figure 2

Dose Response of ChEIs Using Cubic Splines With (A) MMSE Change and (B) All-Cause Death Risk Compared With Nonuse
Dose-response effect of increasing average cumulative daily dose of cholinesterase inhibitor (ChEI) compared to nonuse of ChEL: average
(solid) and 95% confidence interval (dash lines). Horizontal axis represents the number of standard defined daily doses (DDDs) that patients
took per day. For clarity, the DDD for each medication is shown with a vertical dotted line, B~= ~w~=~=!~ ~ patient taking galantamine 8
mg/d would be taking half the DDD of galantamine, which would be represented at the 0.5 GONTINUE
represents Mini-Mental State Examination (MMSE) score change. In panel B, y-axis represents adjusted hazard ratio for death. Model
included ChEI treatent, visit tune (class gﬁgc'gi]?ig?é;%tion of ChEl aeatméﬁg}l)y visit, and baseline MMSE score. Reference was set at

DDD 0. CoRSNaYFRlY ed for dementia diagnosis, age, sex, MMSE baseline score, comorbidity (hypertension, diabetes, myocardial

qizontal axis. In panel A, y-axis

https://n.neurology.org/content/96/1 712220 11/28
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infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic obstructive pulmonary disease, renal
disease, cancer, and atrial fibrillation), and medications (angiotensin—convertin_g enzyme inhibitors/angiotensin receptor blockers, -

blocking agents, calcium channel blockers, lipid-modifying agents, antipsychotics, and antidepressants).

ChEI and Severe Dementia Risk

When severe dementia (MMSE score <10) was considered as the outcome, there were 6,802
patients (40% of the initial population) who had at least 2 MMSE measurements. The incidence
rates and the proportion of patients developing severe dementia were higher among the
nonusers (incidence rate 12.2/1,000 person-years, 4.0% of all patients for nonusers vs 10.2/1,000
person-years, 3.7% of all patients for ChEI users separately). When stratified for separate ChEIs,
only galantamine users had a statistically significant lower risk of severe dementia (HR 0.69, 95%
CI 0.47~1.00), which was not significant for users of rivastigmine or donepezil or for ChEI users
as a whole (table 3). Stratified analyses for the risk of severe dementia are presented in figure e-
2A (doi.org/10.5061/dryad.2jm63xsmz). Similar associations were observed for severe dementia

with the competing-risk model (table e-4).

ChEI and Mortality

During an average of 5 years of follow-up, corresponding to 52,042 person-years, 6,055 (35%)
patients died. The overall mortality rate was ~2 times higher (115.02/1,000 person-years)
compared with the age- and year-matched general Swedish population (60.59/1,000 person-
years ) (table e-5, doi.org/10.5061/dryad.2jm63xsmz). Lower mortality rate was noted for ChEI
users compared with nonusers (105.78/1,000 person-years vs 136.93/1,000 person-years). ChEI
users had a 27% lower risk of death (HR 0.73, 95% CI 0.69-0.77) compared with nonusers. YoE
observed significant differences among different ChEISs in regard to mortality risk ( Prreng < 0.059
with an HR for galantamine of 0.71 (95% CI 0.65-0.76), for donepezil of 0.78 (95% CI 0.74—
0.83), and for rivastigmine of 0.86 (95% CI 0.80-0.93) (table 4).

Table 4 i 5 i .
View inline  View popup

Incidence Rate and Hazard Ratios for Severe Dementia and Mortality During Follow-up
GRS LR PR =gty St [ERA it R CONT'NUE
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There was a graded association between dispensed average DDD of ChEIs and risk of death (
figure 2B). The HRs associated with increasing average DDDs of donepezil, rivastigmine, and
galantamine are graphically represented in figure e-1D through e-1F (
doi.org/10.5061/dryad.2jm63xsmz). Patients who took higher dose of ChEI had lower mortality
risk in a dose-dependent response. Patients taking galantamine had a lower risk of death

compared with untreated patients (ratio <1) (figure e-1F).

Patients taking galantamine at any dose, >7.5 mg donepezil (figure e-1D), or >9 to 9.5 mg
rivastigmine (figure e-1E) had a lower risk of death compared with untreated patients (ratio <1)

(figure e-1F).

The associations between ChEI and death were consistent throughout all subgroup analyses
(figure e-2B), albeit hampered in patients with peripheral vascular disease by lack of power. No

interactions were observed between subgroup and ChEI in predicting mortality (all p > 0.05).

Discussion

In this large longitudinal national dementia cohort, ChEI use was associated with a reduction in
cognitive decline over time, and this effect was modest but persisted over the long term. ChEI
use also was associated with reduced risk for mortality, which is in line with previous results
from our group.?’?® A dose-response effect was observed for both of these outcomes. Only

galantamine demonstrated a reduction in the risk for severe dementia (MMSE score <10).

Little is known about the long-term effects of ChEI on cognitive decline in Alzheimer demeritia.
In a 2018 Cochrane systematic review, which included 30 studies on donepezil for Alzheimer "
dementia, only 3 studies’®? had a follow-up of 1 year, and only 1 study'® could be included in
the meta-analysis. A recent meta-analysis (n = 16,576 patients with Alzheimer dementia; 63
RCTs) with an average duration of 8 months showed that although ChEls had a benefit for
cognition, the effect did not reach significant improvement.® In the British Alzheimer's Disease
2000 study, patients with Alzheimer dementia were randomized to donepezil or placebo for 2
years. Donepezil useré nadOSpomtsmgher MMSE{gcores at 2 CONTINUE he !s;i%udygwasa i
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underpowered and hard to interpret.? In another study was performed in 5 Northern European
countries, a significant advantage of donepezil treatment over placebo was observed at 52 weeks

in cognition, activities of daily living, and the Progressive Deterioration Scale.8

The findings of our study showing significantly slower cognitive decline in patients with ChEI
use are in line with results from other clinical trials. However, the magnitude of the effect
appears to be somewhat smaller in our study, which is probably related to the characteristics of
our cohort, the particular design, and limitations. First, we defined medication exposure within
the 3 months after the dementia diagnosis, a conservative design that intended to mimic the
intention-to-treat design of clinical trials and to avoid reverse causation in which the rate of
cognitive decline would cause changes in medication status. Patients who were defined as treated
could have stopped taking ChEIs and would still be analyzed within the treatment group, which
could naturally attenuate the difference in effect. This could not be the case for nonusers;
patients who were initially nonusers who started treatment after 3 months were excluded from
analyses and did not contribute follow-up time in either group. In general, patients are
registered in SveDem early in the disease process.*! In our study, patients with a baseline MMSE
score >20 declined faster than patients who started with lower MMSE scores. Second, ours is a
cohort study using patients from the SveDem and naturalistic follow-ups. Attrition to follow-up
was high, at ®50%. Third, we defined study inclusion at the date of dementia diagnosis or the
date when the patient started ChEI (whichever came first); for this reason, a small proportion of
patients (6.6% in our study) were already treated when the MMSE was performed, which would
contribute to reduce the magnitude of the difference between users and nonusers.

PDF

Patients with faster cognitive decline may have higher likelihood of dropout because e

institutionalization, mortality, and management of the social aspects of advanced dementia
probably dominate the care efforts and disrupt follow-up. Missing follow-ups would then be
more frequent among severely impaired patients. This creates a situation in which patients who
are followed up are more likely to start with better cognition and to decline less over time. The
magnitude of the yearly decline observed in our study was ~1.62 points per year, which is in line

with previous clinical trials, In the National Alzheimer's Coordj=~+-~ ~~ter study, the average

CONTINUE .
decline was 1.9 points in the first yearand 2:5inshesecond year ui 1onow-up.® In the 1-year,

randomized; placebo-controlleaeERIPbT patients with inild to moderate AD'8 the placebo group
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declined ~2 points per year compared to a decline of ~0.5 points per year for the donepezil users.
Meanwhile, in our study, the benefit observed with ChEIs was smaller although our

conservative definition of medication exposure makes it hard to directly compare these results.

ChEIs have been proven to have symptomatic effects in Alzheimer dementia beyond those
detected by standard measures of cognition. As previously shown by our group, ChEIs have been
associated with reductions in myocardial infarction,? stroke? and mortality,” while
anticholinergic medications have been associated with increases in stroke and mortality risk.*
Better cognition may in itself be protective for mortality, but ChEIs also may have beneficial
systemic effects.?””® Stroke and mortality prevention in mild to moderate dementia stages is
desirable, and stroke prevention could theoretically prolong independent functioning in
dementia #'-% Meanwhile, a recent study showed that initiation of antipsychotic treatment was
reduced in those treated with ChEIs.*s In our study, the benefit of ChEI was similar in those
diagnosed with MMSE scores <20 and those with higher MMSE scores, and the cognitive
benefits persisted over time. In the Donepezil and Memantine in Moderate to Severe
Alzheimer's Disease (DOMINO-AD) clinical trial, withdrawal of donepezil in patients with
moderate to severe Alzheimer dementia increased the risk of nursing home placement during 12
months after treatment.* Continuation was associated with better cognition.* In addition,
galantamine use was associated with reduced risk for severe dementia and mortality and had the
largest effect size for the association with cognitive decline in our study. Galantamine is a rapidly
reversible ChEI and the only ChEI that acts as an allosteric nicotinic modulator.“8#° This dual
effect as an acetylcholinesterase inhibitor and nicotinic receptors modulator may explain its
enhanced effects. PDF

Help

The strengths of our study are the large sample size and long cognitive follow-up. In addition,
data were obtained through standard patient registration and thus reflect real-world data. We
acknowledge some limitations. First, regarding the observational study design, we cannot infer
causality, and we acknowledge the possibility of residual and unknown confounding. However,
we controlled for the unbalanced confounders in our propensity score—matching cohort. Second,
patients.were ggpg&d}eﬂ_rﬁggﬁxpﬁgsed;rhmgghgut the whole follow- -~ ~~-*~" according to .
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fear of reverse causality, in which the speed of cognitive decline could influence decisions to start
or withdraw treatment. Third, we acknowledge that the vascular pathology in the group with
mixed Alzheimer dementia may have affected the response to ChEI on the cognition trajectories.
If anything, this may have contributed to an underestimation of the effects of the ChEI presented
in this study. In addition, individual patient information on reasons for prescription or side
effects of ChEI and information on the dispensation form of the ChEI were not available.
Fourth, the national coverage of SveDem is not absolute, and there is no clear count of how
many patients develop dementia each year in Sweden. On the basis of different approximations
of dementia incidence and prevalence, the coverage of SveDem for new dementia cases is
estimated to be between 30% and 43%, depending on different estimations of incident cases
regardless of whether they receive a diagnosis.*® The dementia diagnostic workup follows
standard clinical practice, and few patients have a changed dementia diagnosis at follow-up,?!
which suggests adequate diagnostic accuracy. Fifth, although the majority of patients are
diagnosed early in the dementia disease process, some patients are diagnosed in a later stage,
resulting in a variation of cognitive functioning at the time of the initiation of ChEI treatment.
Finally, because our data were collected in real-world clinical practice, there were differences in
the number of MMSE measurements performed between individuals, and these MMSE
measurements were not missing at random; however, we attempted to address the potential
concern of dropout by adjusting the estimates using inverse probability of censoring weighting.

Results with and without adjusted weighting were similar and robust.

ChElIs are associated with cognitive benefits that are modest but persist over the long term.
ChEIs are associated with reduced mortality risk, which may be partly explained by the modesgr
cognitive effects. Galantamine was the only ChEI that demonstrated a significant reduction in,
the risk of developing severe dementia, in addition to presenting the strongest effect on

cognition.
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