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Abstract: We investigated the preventive and risk factors of rapid cognitive decline in patients with
Alzheimer’s disease (AD). Using the Chang Gung Research Database (CGRD), we enrolled patients
with AD aged over 65 years between 1 January 2001 and 30 May 2019, and followed up for at least
two years. Rapid cognitive decline was defined by a Mini-Mental State Examination (MMSE) score
decline of ≥4 in 2 years. A longer prescription of acetylcholinesterase inhibitors (AChEIs) was
defined as 22 months based on the median treatment duration of the cohorts. The Cox proportional
hazards regression model adjusted for age, sex, medication, and physical comorbidities was used to
examine the candidate risk and protective factors. We analyzed data from 3846 patients with AD
(1503 men, 2343 women) with a mean age and percentage of females of 77.8 ± 6.2 years and 60.9%,
respectively. The mean duration of patients with AD receiving AChEIs was 658.7 ± 21.9 days. In
general, 310 patients with AD showed a rapid cognitive decline, accounting for 8.1%. Treatment of a
consecutive AChEI prescription for >22 months in patients with AD was a protective factor against
rapid cognitive decline (adjusted hazard ratio (aHR) = 0.41, 95% confidence interval (CI) = 0.33–0.52,
p < 0.001). Patients with AD aged >85 years (aHR = 0.53, 95% CI = 0.36–0.79, p < 0.01) and aged
75–85 years (aHR = 0.73, 95% CI = 0.57–0.93, p < 0.05) had a significantly lower risk of rapid cognitive
decline than those aged 65–75 years. Additionally, patients with mild and moderate AD (clinical
dementia rating (CDR = 1, aHR = 1.61, 95% CI = 1.26–2.07, p < 0.001; CDR = 2, aHR = 2.64, 95%
CI = 1.90–3.65, p < 0.001) were more likely to have rapid cognitive decline than those with early
AD (CDR = 0.5). Sex, medication with different types of AChEIs, and physical comorbidities were
not associated with rapid cognitive decline. These findings indicate that it is important to maintain
longer consecutive AChEI prescriptions in patients with AD to prevent cognitive decline.

Keywords: acetylcholinesterase inhibitors; Alzheimer’s disease; rapid cognitive decline; predic-
tor; moderators

1. Introduction

Alzheimer’s disease (AD), a progressive neurodegenerative disease, is the most com-
mon form of dementia and is characterized by a gradual decline in cognition (mainly
memory), behavioral and social skills, and daily function [1]. With the global growth in the
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aging population, increasing numbers of patients with dementia will place a burden on the
patients themselves, caregivers, and healthcare systems [2]. On 7 June 2021, the Food and
Drug Administration of the United States granted accelerated approval to aducanumab,
the first anti-amyloid and disease modifying therapy, for treatment of AD. However, the
approval has sparked controversy among experts [3].

To date, most established treatments are symptomatic in nature, including acetyl-
cholinesterase inhibitors (AChEIs) (rivastigmine, galantamine, and donepezil) and me-
mantine, an N-methyl-D-aspartate (NMDA) receptor antagonist [4]. Although these drugs
can only provide slight cognitive benefits, both AChEIs and memantine are still most
commonly used to delay the progression of cognitive dysfunction and improve other
symptoms in patients with AD [4–7]. Several randomized controlled trials (RCTs) showed
sustained use of AChEIs for 3 to 12 months was reported to delay the progressive cognitive,
functional, and behavioral degeneration caused by AD [5–7].

Patients with AD show gradual and continued cognitive and functional decline over
the course of the disease [1]. However, the rate of progression varies among individuals,
partly because of different conceptual definitions across different studies [8]. Generally, it
can be divided into rapid and non-rapid decline according to the mean decline of 2–3 Mini-
Mental State Examination (MMSE) points/year [9]. Patients with rapid cognitive decline
tend to have a worse prognosis regarding function and mortality [2]. Several studies have
attempted to identify factors associated with rapid decline for early detection of cognitive
change [10–12] and provide prompt intervention for both clinicians and caregivers. RCTs
are optimally designed to examine the efficacy of AChEIs on cognition but tend to have
inadequate power to detect individual variability in response due to relatively small
samples and substantial attrition [13]. Restricting trial inclusion and exclusion criteria may
limit the generalizability of the findings to “real-world” clinical settings.

The rate of clinical decline seems to vary based on different stages of AD [11,14,15], age
at the start of AChEI treatment [11,15], and comorbidity with hypertension (HTN) [10,16]
and type 2 diabetes mellitus (T2DM) [12,17]. These factors may influence the therapeutic
effectiveness of AChEIs in disease progression in patients with AD. However, previous
studies used RCT design to demonstrate the efficacy of AChEIs on cognition for up to one
year [5–7], providing inadequate follow-up time to detect cognitive decline. Therefore,
the present study used real-world data to include large sample sizes and investigated the
efficacy of AChEIs (donepezil, rivastigmine, and galantamine) on cognitive decline and
examined the possible moderators.

2. Materials and Methods
2.1. Data Source

The Chang Gung Medical Foundation (CGMF) is the largest medical system in Taiwan.
Electronic medical records derived from Chang Gung Memorial Hospital (CGMH) to
comprise the Chang Gung Research Database (CGRD) are used to provide real-world
evidence and improve clinical and policy decisions [18].

2.2. Selection of Patients with AD and Comorbidities

Using the CGRD, we enrolled patients aged ≥65 years who were diagnosed with
AD (ICD-9-CM codes: 290.0−290.3 and 331.0) by certified psychologists or well-trained
neurologists, based on strict reviews of medical records, brain images, and blood and
cognitive test results, between 1 January 2001 and 30 May 2019. AD patients were required
to maintain the same AChEIs (donepezil, rivastigmine, and galantamine) for at least 1 year,
and undergo the Mini-Mental State Examination (MMSE) and clinical dementia rating scale
(CDR) examination at least twice before 2017 to allow two-year follow-up. We excluded
patients with AD during the follow-up period, patients who switched AChEIs, patients
for whom MMSE or CDR were unavailable, and advanced AD patients with CDR 3–5.
Rapid cognitive decline was identified during the follow-up period (from enrollment to
30 December 2019). Rapid decline was defined as an MMSE score decline of ≥4 in 2 years
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based on a previous study [19] and the National Health Insurance Bureau of Taiwan, which
denied prescription AChEIs during the following year for those with an MMSE decline of
>2 in a single year. Physical comorbidities included pulmonary disease, renal disease, liver
disease, T2DM, hypertension, and hyperlipidemia.

2.3. Patient Data and Their Anonymity

To ensure data privacy, patient and provider information was encrypted and de-
identified [18]. The participants signed a declaration for the protection of computer-
processed personal data and to take legal responsibility based on Taiwan’s Personal In-
formation Protection Act. Furthermore, the study protocol was approved by the Ethics
Committee of the Institutional review Board of CGMH. This study was conducted in accor-
dance with the tenets of the Declaration of Helsinki and was approved by the Institutional
Review Board (IRB No. 201900866B0). Informed consent was waived according to IRB
regulations.

2.4. Statistical Analysis

All data processing and statistical analyses were performed using SAS version 9.4.
(SAS Institute Inc., Cary, NC, USA). Descriptive statistics are expressed as mean ± standard
deviation or number (percentage). The between-group differences were compared using
the Student’s t-test with a normal distribution. Chi-square tests were used to analyze
categorical variables, including sex, types of AChEI, CDR, and comorbidities. The Cox
proportional hazards regression model was adjusted for age, sex, medication, and physical
comorbidities to calculate hazard ratios (HRs) with a 95% confidence interval (CI) between
rapid cognitive decline and non-rapid cognitive decline cohorts. Sensitivity analysis was
performed to clarify the independent role of different stages of AD, age at the start of
AChEI treatment, and comorbidity with HTN and T2DM. Two-sided values of p < 0.05
were considered statistically significant.

3. Results
3.1. Characteristics of Study Participants

Figure 1 shows the flowchart for the selection of the study subjects. Table 1 lists the
sociodemographic and clinical data of the patients with AD. Data from 3846 patients with
AD (1503 men and 2343 women) were analyzed. The mean age of the entire sample and
percentage of females were 77.8 ± 6.2 years and 60.9%, respectively. The mean duration
of patients with AD receiving AChEIs was 658.7 ± 21.9 days. The consecutive AChEI
prescription of longer vs. shorter treatment duration, defined as 22 months, was based on
the median drug prescription duration of the whole study population. The baseline MMSE
before receiving AChEIs was 17.2 ± 5.3 and the score declined to 15.8 ± 6.3 following
2 year follow-up. In general, 310 patients with AD showed rapid cognitive decline (decline
>3 scores of MMSE in 2 years), accounting for 8.1%.
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Figure 1. Flowchart of selection of study subjects. 

  

Figure 1. Flowchart of selection of study subjects.
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Table 1. Demographic and clinic characteristics of patients with Alzheimer’s disease.

Variables Mean ± SD or Percentage (%)

Patients, number 3846

Age 77.8 ± 6.2

Gender
Male 1503 (39.1)
Female 2343 (60.9)

Physical comorbidities
Pulmonary disease 386 (10.0)
Renal disease 366 (9.5)
Liver disease 317 (8.2)
T2DM 931 (24.2)
HTN 2035 (52.9)
Hyperlipidemia 1142 (29.7)

Medication
Rivastigmine 1833 (47.7)
Donepezil 1736 (45.1)
Galantamine 277 (7.2)
Duration of AChEI use days 658.7 ± 21.9

Consecutive AChEI Prescription
≤22 months 1949 (50.7)
>22 months 1897 (49.3)

Baseline cognitive test before AChEIs
MMSE 17.2 ± 5.3
CDR

0.5 2281 (59.3)
1 1196 (31.1)
2 369 (9.6)

Cognitive test following 2 years follow-up
MMSE 15.8 ± 6.3
CDR

0.5 1561 (40.6)
1 1558 (40.5)
2 639 (16.6)
≥3 88 (2.3)

Cognitive decline (defined by MMSE)
Slow (decline ≤3 in 2 years), n (%) 3536 (91.9)
Rapid (decline >3 in 2 years), n (%) 310 (8.1)

Values are expressed as mean ± standard deviation (SD); numbers (percentages). Abbreviations: AChEIs,
acetylcholinesterase inhibitors; CDR, clinical dementia rating scale; HTN, hypertension; MMSE, Mini-Mental
State Examination; SD, standard deviation; T2DM, type 2 diabetic mellitus.

3.2. Risk of Rapid Cognitive Decline among Patients with AD

As shown in Table 2, for patients with AD, receipt of consecutive AChEI prescrip-
tions for >22 months was a protective factor against rapid cognitive decline (aHR = 0.41,
95% CI = 0.33–0.52, p < 0.001) compared to those with prescription ≤22 months. Patients
with AD aged >85 years (aHR = 0.53, 95% CI = 0.36–0.79, p < 0.01) and aged 75–85 years
(aHR = 0.73, 95% CI = 0.57–0.93, p < 0.05) had a significantly lower risk of rapid cog-
nitive decline than those aged 65–75 years. Additionally, patients with mild to mod-
erate AD (CDR = 1, aHR = 1.61, 95% CI = 1.26–2.07, p < 0.001; CDR = 2, aHR = 2.64,
95% CI = 1.90–3.65, p < 0.001) were more likely to have rapid cognitive decline than those
with early AD (CDR = 0.5). Sex, medication with different types of AChEI, and physical
comorbidities were not associated with rapid cognitive decline.
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Table 2. Cox proportional hazards model for rapid decline within 2 years in patients with Alzheimer’s
dementia.

Adjusted HRs * 95% CI p Value

Consecutive Drug
Prescription

≤22 months Ref
>22 months 0.41 0.33–0.52 <0.001

Age group
65–75 Ref
76–85 0.73 0.57–0.93 <0.05
>85M 0.53 0.36–0.79 <0.01

Gender
Male Ref
Female 0.83 0.66–1.05 0.122

Medication
Galantamine -
Rivastigmine 1.57 0.92–2.67 0.098
Donepezil 1.45 0.85–2.48 0.176

Baseline CDR
0.5 Ref
1 1.61 1.26–2.07 <0.001
2 2.64 1.90–3.65 <0.001

Comorbidity
Pulmonary disease 1.22 0.86–1.73 0.267
Renal disease 1.11 0.74–1.65 0.616
Liver disease 0.85 0.55–1.30 0.446
T2DM 0.83 0.62–1.10 0.202
HTN 1.19 0.93–1.51 0.159
Hyperlipidemia 0.96 0.73–1.24 0.731

* Adjustment for age, sex, medication, and physical comorbidities. Bold type indicates statistical significance.
Abbreviations: CDR, clinical dementia rating scale; CI, confidence interval; HRs, hazard ratios; HTN, hypertension;
Ref, reference; T2DM, type 2 diabetic mellitus.

3.3. Sensitivity Analysis: Risk of Rapid Cognitive Decline among Patients with AD Stratified
by Age

Table 3 shows that, in patients with AD, receiving consecutive AChEI prescriptions
for >22 months was a protective factor against rapid cognitive decline across different
age distributions (aged 65–75, aHR = 0.37, 95% CI = 0.25–0.54, p < 0.001; aged 76–85,
aHR = 0.47, 95% CI = 0.34–0.66, p < 0.001; aged >85, aHR = 0.25, 95% CI = 0.12–0.53,
p < 0.001) after adjustment compared to those with prescriptions for ≤22 months. Among
patients aged 65–75 years, patients with mild and moderate AD were 2.06-fold and
2.85-fold more likely, respectively, to have rapid cognitive decline than those with early AD.
Among those aged 76–85 years and >85 years, patients with moderate AD were 2.57-fold
and 3.71-fold more likely, respectively, to have rapid cognitive decline than those with
early AD, but no increased risk was found for patients with mild AD. Female patients
with AD aged >85 years were less likely to have rapid cognitive decline than male patients
(aHR = 0.25, 95% CI = 0.12–0.53, p < 0.001). We did not find a gender effect in patients with
AD aged 65–75 years and 76–85 years.
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Table 3. Cox proportional hazards model for rapid decline within 2 years in patients with Alzheimer’s dementia in different
age groups.

Aged 65–75 Aged 76–85 Aged > 85

Adjusted HRs * 95% CI p Value Adjusted HRs * 95% CI p Value Adjusted HRs * 95% CI p Value

Consecutive Drug
Prescription

≤22 month Ref Ref Ref
>22 months 0.37 0.25–0.54 <0.001 0.47 0.34–0.66 <0.001 0.25 0.12–0.53 <0.001

Gender
Male Ref Ref Ref
Female 0.76 0.52–1.09 0.138 1.06 0.76–1.48 0.747 0.35 0.16–0.75 <0.001

Medication
Galantamine - - -
Rivastigmine 1.50 0.64–3.48 0.350 1.40 0.67–2.91 0.369 2.49 0.32–19.59 0.387
Donepezil 1.06 0.45–2.50 0.898 1.44 0.69–3.00 0.333 4.64 0.60–36.06 0.143

Baseline CDR
0.5 Ref Ref Ref
1 2.06 1.40–3.03 <0.001 1.37 0.96–1.95 0.082 1.82 0.77–4.30 0.172
2 2.85 1.57–5.17 <0.001 2.57 1.66–3.97 <0.001 3.71 1.41–9.79 <0.001

Comorbidity
Pulmonary diseas 1.45 0.84–2.51 0.183 1.33 0.79–2.21 0.281 0.55 0.19–1.63 0.284
Renal disease 1.09 0.57–2.05 0.800 1.17 0.65–2.10 0.607 1.17 0.37–3.75 0.790
Liver disease 1.36 0.74–2.50 0.326 0.54 0.28–1.08 0.081 0.59 0.12–2.81 0.509
T2DM 0.68 0.42–1.09 0.111 0.88 0.59–1.30 0.525 1.50 0.61–3.71 0.380
HTN 1.14 0.77–1.68 0.523 1.27 0.91–1.78 0.164 1.14 0.53–2.44 0.736

Hyperlipidemia 0.90 0.59–1.37 0.623 0.91 0.63–1.32 0.633 1.56 0.64–3.79 0.324

* Adjustment for age, sex, medication, and physical comorbidities. Bold type indicates statistical significance. Abbreviations: CDR, clinical
dementia rating scale; CI, confidence interval; HRs, hazard ratios; HTN, hypertension; Ref, reference; T2DM, type 2 diabetic mellitus.

3.4. Sensitivity Analysis: Risk of Rapid Cognitive Decline among Patients with AD Stratified by
HTN and T2DM

As shown in Table 4, for patients with AD, receiving consecutive AChEI prescriptions
for >22 months was a protective factor against rapid cognitive decline among those co-
morbid with and without T2DM (with T2DM, aHR = 0.54, 95% CI = 0.33–0.90, p < 0.05;
without T2DM, aHR = 0.37, 95% CI = 0.29–0.49, p < 0.001) after adjustment compared to
those with less than 22 months of prescription. Among AD patients without T2DM, the
risk of rapid cognitive decline for those aged >85 years and 76-85 years were significantly
reduced by 56% and 31% compared to those aged 65–75 years, whereas no reduced risk
was found for patients with T2DM. Furthermore, mild and moderate AD patients without
T2DM were 1.51-fold and 2.95-fold more likely to have rapid cognitive decline than those
with early AD, whereas the increased risk only existed in patients with mild AD and T2DM
(aHR = 2.09, 95% CI = 1.26–3.49, p < 0.01) rather than those with moderate AD.

As shown in Table 5, for patients with AD, receiving consecutive AChEI prescriptions
for >22 months was a protective factor against rapid cognitive decline among those comor-
bid with and without HTN (with HTN, aHR = 0.46, 95% CI = 0.33–0.63, p < 0.001; without
HTN, aHR = 0.35, 95% CI = 0.25–0.50, p < 0.001) after adjustment compared to those with
less than 22 months of prescription. Among AD patients with HTN, the risk of rapid
cognitive decline for those aged >85 years was significantly reduced, by 49%, compared
to those aged 65–75 years, whereas a reduction in risk of 30% was found in AD patients
without HTN aged 76–85. Furthermore, mild and moderate AD patients with HTN were
1.95-fold and 3.55-fold more likely to have rapid cognitive decline than those with early
AD, whereas the increased risk (1.84-fold) only existed in moderate AD patients without
HTN, and not in those with early AD. Finally, among AD patients without HTN, those
with comorbid renal disease were 2.94-fold more likely to have rapid cognitive decline than
those without renal disease, whereas renal disease did not influence the rate of cognitive
decline in the subgroup of AD patients with HTN.
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Table 4. Cox proportional hazards model for rapid decline within 2 years in patients with Alzheimer’s dementia with and
without type 2 diabetes mellitus (DM).

Patients with T2DM Patients without T2DM

Adjusted HRs * 95% CI p Value Adjusted HRs * 95% CI p Value

Consecutive Drug
Prescription

≤22 months Ref Ref
>22 months 0.54 0.33–0.90 <0.05 0.37 0.29–0.49 <0.001

Age group
65–75 Ref Ref
76–85 0.94 0.56–1.59 0.829 0.69 0.52–0.90 <0.01
>85 1.13 0.49–2.60 0.766 0.44 0.28–0.69 <0.001

Gender
Male Ref Ref
Female 0.74 0.45–1.20 0.220 0.87 0.67–1.13 0.297

Medication
Galantamine - -
Rivastigmine 1.78 0.55–5.80 0.336 1.50 0.83–2.73 0.181
Donepezil 1.27 0.38–4.25 0.698 1.47 0.81–2.68 0.206

Baseline CDR
0.5 Ref Ref
1 2.09 1.26–3.49 <0.01 1.51 1.13–2.01 <0.01
2 1.44 0.61–3.42 0.404 2.95 2.07–4.20 <0.001

Comorbidity
Pulmonary disease 0.70 0.29–1.65 0.412 1.37 0.93–2.02 0.107
Renal disease 0.88 0.47–1.68 0.709 1.25 0.75–2.06 0.392
Liver disease 0.99 0.48–2.01 0.967 0.78 0.45–1.34 0.368
HTN 0.91 0.52–1.60 0.752 1.25 0.96–1.63 0.093
Hyperlipidemia 1.06 0.65–1.73 0.805 0.90 0.66–1.24 0.523

* Adjustment for age, sex, medication, and physical comorbidities. Bold type indicates statistical significance. Abbreviations: CDR, clinical
dementia rating scale; CI, confidence interval; HRs, hazard ratios; HTN, hypertension; Ref, reference; T2DM, type 2 diabetic mellitus.

Table 5. Cox proportional hazards model for rapid decline within 2 years in patients with Alzheimer’s dementia with
hypertension and without hypertension.

Patients with HTN Patients without HTN

Adjusted HRs * 95% CI p Value Adjusted HRs * 95% CI p Value

Consecutive Drug Prescription
≤22 months Ref Ref
>22 months 0.46 0.33–0.63 <0.001 0.35 0.25–0.50 <0.001

Age group
65–75 Ref Ref
76–85 0.75 0.65–1.05 0.092 0.70 0.49–0.99 <0.05
>85 0.51 0.30–0.88 <0.05 0.57 0.32–1.03 0.064

Gender
Male Ref Ref
Female 0.79 0.57–1.08 0.138 0.91 0.65–1.28 0.607

Medication
Galantamine - -
Rivastigmine 0.99 0.51–1.93 0.987 2.48 0.98–6.34 0.050
Donepezil 0.92 0.47–1.79 0.800 2.30 0.92–5.75 0.074

Baseline CDR
0.5 Ref Ref
1 1.95 1.39–2.75 <0.001 1.25 0.86–1.81 0.082
2 3.55 2.29–5.51 <0.001 1.84 1.13–3.01 <0.05

Comorbidity
Pulmonary disease 1.30 0.82–2.04 0.262 1.10 0.62–1.95 0.735
Renal disease 0.66 0.38–1.15 0.141 2.94 1.64–5.24 <0.001
Liver disease 0.91 0.55–1.52 0.720 0.63 0.27–1.44 0.273
T2DM 0.79 0.56–1.11 0.179 0.98 0.59–1.65 0.951
Hyperlipidemia 1.13 0.82–1.57 0.447 0.68 0.42–1.10 0.114

* Adjustment for age, sex, medication, and physical comorbidities. Bold type indicates statistical significance. Abbreviations: CDR, clinical
dementia rating scale; CI, confidence interval; HRs, hazard ratios; HTN, hypertension; Ref, reference; T2DM, type 2 diabetic mellitus.

4. Discussion

This study was derived from routine clinical practice, thus demonstrating its ecologi-
cal validity. The findings of the present study were as follows: (1) AD patients receiving
longer consecutive AChEI prescriptions had a significantly reduced risk of rapid cogni-
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tive decline than those with shorter prescriptions. The protective effect persisted across
sensitivity analysis stratified by age distribution, and comorbid T2DM and HTN. (2) AD
patients with greater overall severity measured by CDR and with younger age at enroll-
ment were significantly more likely to have rapid cognitive decline. (3) The subgroup of
more elderly (aged >85 years) AD female patients had a significantly lower risk of rapid
cognitive decline than male patients, whereas the gender effect was not found in those
aged 65–75 and 76–85 years. (4) The subgroup of AD patients without T2DM, aged >85
and 76–85 years, received a protective effect against rapid cognitive decline compared to
those aged 65–75 years, whereas the age effect was not found in AD patients with T2DM.
(5) Within the subgroup of AD patients without HTN, those with comorbid renal disease
were more likely to have rapid cognitive decline than those without renal disease, whereas
the renal disease did not impact the progression in the subgroup of AD patients with HTN.
(6) No association was found between the type of medication (donepezil, rivastigmine, and
galantamine), comorbidities (HTN and DM), and the rate of progression.

The main finding of this study is that longer consecutive AChEI prescriptions sig-
nificantly reduced the risk of rapid cognitive decline compared to those with shorter
prescriptions. This is consistent with previous RCTs of 3 to 12 months [5–7]. These dura-
tions limit the studies’ generalizability and external validity because they do not always
reflect clinical situations. The study confirmed the beneficial results of AChEIs based on
real-world claims of large sample sizes and extended the follow-up period to 2 years. We
also showed that patients with more severe AD according to CDR were prone to rapid
progression. AD patients with mild (CDR = 1) and moderate (CDR = 2) severity were
1.61- and 2.64-fold more likely to show rapid cognitive decline compared to those with
a CDR of 0.5. This finding is consistent with several studies [11,14,15], showing that AD
patients who are more severely impaired in the early stages will decline faster than less
impaired patients. Regarding various AChEIs (donepezil, rivastigmine, and galantamine),
the present study demonstrated no obvious difference in the therapeutic response assessed.
The findings of equal efficacy of AChEIs on cognition from real-word datasets were in line
with previous head-to-head trials [20] and meta-analysis studies [21].

Age may influence the rate of cognitive decline; however, this effect is mixed. Younger
AD patients have a more rapid cognitive decline [22,23], partly due to the more pathological
burden of neuritic plaques seen in younger patients with AD than in older patients with
AD [24]. Other studies have demonstrated that older age contributes to a more significant
decline in cognition [11,15]. However, older age at baseline was associated with a slower
decline in a pooled cohort study of patients with AD [25], which is consistent with the
present study. We found that individuals aged >85 years and aged 76–85 years were less
likely to have rapid cognitive decline, by 47% and 37%, respectively, compared to those aged
65–75 years. The present study included an older population (mean age, approximately
78 years) with a survival bias of resilience to cognitive decline [26], which may explain
the conflicting results. Finally, female AD patients aged over 85 years had a significantly
reduced risk of rapid cognitive decline compared to male patients, which is consistent with
a previous study [27,28]. The better cognitive function in females may be partly due to the
relative freedom from cardiovascular disease in females [28].

T2DM is a well-established risk factor for AD. However, several studies have found
that AD patients with T2DM are less likely to experience cognitive decline compared to
those without T2DM [12,17,29], demonstrating that AD patients without T2DM are at
risk for cognitive progression. The present study showed no impact of comorbid T2DM
on disease progression. Furthermore, few studies have examined the effect of AChEIs
on the rate of progression between AD patients with and without T2DM. We found that
AD patients without T2DM receiving longer AChEIs showed a 63% reduction in rapid
cognitive decline compared to those with shorter AChEIs; the protective effect was reduced
by 46% in AD patients with T2DM. A nationwide claim dataset found inadequate clinical
management with fewer AChEI prescriptions for AD patients with T2DM compared to
those without T2DM [30], which may explain the difference. Finally, AD patients without
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T2DM have a significantly reduced risk of rapid decline across different age distributions,
whereas the effect disappears among AD patients with T2DM divided by different age
distributions. The age-protective effect differs among subgroups of patients with AD, with
and without T2DM. Future studies should explore the underlying mechanisms.

Several studies have examined the association between comorbid HTN and the risk
of disease progression in patients with AD, but the results are inconsistent. Some studies
have reported that HTN predicts rapid decline [16,31,32], whereas others showed no
risk [10,17,33]. The present study found that comorbid HTN in patients with AD did not
impact disease progression. Furthermore, moderate AD (CDR = 2) with HTN contributed
a higher risk of rapid decline compared to moderate AD alone, with a 3.55-fold higher risk
compared to a 1.84-fold higher risk. HTN contributes to cognitive decline via demyelination
or microinfarction of cerebral white matter [34]; therefore, the additive effects of HTN on
AD pathology may, at least in part, contribute to a higher risk of rapid decline. Another
interesting finding was that in the subgroup of patients with AD without HTN, those with
comorbid renal disease had a 2.94-fold higher risk of rapid decline compared to those
without renal disease, whereas the association was not found in the subgroup of patients
with AD and HTN. Patients with cognitive impairment tend to suffer from orthostatic
hypotension and age-related arteriosclerotic changes, resulting in vulnerability to cerebral
hypoperfusion [35]. The associated cerebral hypoperfusion may be more frequent in
patients with AD without HTN than in those with HTN. However, it is not easy to provide
a detailed explanation, and the issue is beyond the scope of the present study. Further
studies are warranted to explore the possible mechanisms and validate our findings.

Strengthens and Limitations

The strengths of this study are the use of the CGRD. This provides more clinical
information, particularly for cognitive evaluation results, which is unavailable in the
National Health Insurance Research Database in Taiwan. Therefore, this allowed us to
examine the potential moderators of rapid cognitive decline in a large sample of patients
with AD. In Taiwan, the diagnosis of AD can only be established by certified psychologists
or well-trained neurologists based on strict reviews of medical records, brain images, and
blood and cognitive test results. After receiving certification permission, the patients
were eligible to receive AChEIs. Therefore, the validation of the accurate diagnosis of AD
is better than that of other claim datasets, which are mainly based on ICD-9-CM or the
Diagnostic and Statistical Manual of Mental Disorders criteria [36].

However, this study has several limitations. First, the patients’ demographic data
from the CGRD may differ from those of the national database, with the CGRD presenting
more elderly outpatients and a higher severity of comorbidities [37]. However, we adjusted
for several confounders and conducted sensitivity analysis based on different age groups,
and comorbid T2DM and HTN, to address this issue. Second, the CGRD data collected
before 2000 were traditional paper medical records, which are not currently available
for researchers. Third, patients’ medical information in the CGRD relating to visits to
other hospitals for any medical issues will be not available; therefore, the information
from outside visits does not appear in the data. Fourth, we did not assess the impact of
medications other than AChEIs (e.g., anti-hypertension drugs and statins) on progression
because these may influence cognitive function [38]. However, this was beyond the scope
of the present study.

5. Conclusions

The present study showed that longer consecutive AChEI prescriptions were associ-
ated with a slower rate of cognitive decline compared to short prescriptions. Thus, it is
important to maintain adequate treatment to prevent cognitive decline in patients with AD.

Author Contributions: Conceptualization, C.-S.C.; methodology, C.-L.C.; software, N.-C.C.; vali-
dation, C.-C.P.; formal analysis, N.-C.C.; investigation, N.-C.C.; resources, C.-L.C.; data curation,
Y.-C.C.; writing—original draft preparation, C.-S.C.; writing—review and editing, C.-C.P., C.-S.C.,



Int. J. Environ. Res. Public Health 2021, 18, 8576 11 of 12

C.-L.C., Y.-C.C., N.-C.C.; visualization, C.-C.P.; supervision, N.-C.C.; project administration, N.-C.C.;
funding acquisition, C.-S.C., N.-C.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by grants from Kaohsiung Veterans General Hospital, Kaohsi-
ung, Taiwan (KGVGH-110-051, VGHKS-109-070) and Ministry of Science and Technology, Taiwan
(MOST-109-2314-B-075B-001-MY2) and grant CFRPG8J0091 from the Chang Gung Memorial Hospital,
Taiwan.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (IRB No. 201900866B0) of
Kaohsiung Chang Gung Memorial Hospital.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of the study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Small, G.; Bullock, R. Defining optimal treatment with cholinesterase inhibitors in Alzheimer’s disease. Alzheimers Dement. 2011,

7, 177–184. [CrossRef] [PubMed]
2. Livingston, G.; Huntley, J.; Sommerlad, A.; Ames, D.; Ballard, C.; Banerjee, S.; Brayne, C.; Burns, A.; Cohen-Mansfield, J.; Cooper,

C.; et al. Dementia prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet 2020, 396, 413–446. [CrossRef]
3. Alexander, G.C.; Knopman, D.S.; Emerson, S.S.; Ovbiagele, B.; Kryscio, R.J.; Perlmutter, J.S.; Kesselheim, A.S. Revisiting FDA

Approval of Aducanumab. N. Engl. J. Med. 2021. [CrossRef]
4. Fink, H.A.; Linskens, E.J.; MacDonald, R.; Silverman, P.C.; McCarten, J.R.; Talley, K.M.; Forte, M.L.; Desai, P.J.; Nelson, V.A.;

Miller, M.A.; et al. Benefits and harms of prescription drugs and supplements for treatment of clinical Alzheimer-type dementia:
A systematic review and meta-analysis. Ann. Intern. Med. 2020, 172, 656–668. [CrossRef]

5. Likitjaroen, Y.; Meindl, T.; Friese, U.; Wagner, M.; Buerger, K.; Hampel, H.; Teipel, S.J. Longitudinal changes of fractional anisotropy
in Alzheimer’s disease patients treated with galantamine: A 12-month randomized, placebo-controlled, double-blinded study.
Eur. Arch. Psychiatry Clin. Neurosci. 2012, 262, 341–350. [CrossRef]

6. Cummings, J.L.; Farlow, M.R.; Meng, X.; Tekin, S.; Olin, J.T. Rivastigmine transdermal patch skin tolerability. Clin. Drug Investig.
2010, 30, 41–49. [CrossRef] [PubMed]

7. Winblad, B.; Engedal, K.; Soininen, H.; Verhey, F.; Waldemar, G.; Wimo, A.; Wetterholm, A.L.; Zhang, R.; Haglund, A.; Subbiah, P.;
et al. A 1-year, randomized, placebo-controlled study of donepezil in patients with mild to moderate AD. Neurology 2001, 57,
489–495. [CrossRef]

8. Schmidt, C.; Wolff, M.; Weitz, M.; Bartlau, T.; Korth, C.; Zerr, I. Rapidly progressive Alzheimer disease. Arch. Neurol. 2011, 68,
1124–1130. [CrossRef]

9. Morris, J.C.; Edland, S.; Clark, C.; Galasko, D.; Koss, E.; Mohs, R.; Van Belle, G.; Fillenbaum, G.; Heyman, A. The consortium
to establish a registry for Alzheimer’s disease (CERAD): Part IV. Rates of cognitive change in the longitudinal assessment of
probable Alzheimer’s disease. Neurology 1993, 43, 2457–2465. [CrossRef]

10. Blom, K.; Vaartjes, I.; Peters, S.A.; Koek, H.L. The influence of vascular risk factors on cognitive decline in patients with
Alzheimer’s disease. Maturitas 2014, 79, 96–99. [CrossRef]

11. Yang, Y.H.; Wu, M.N.; Chou, P.S.; Su, H.C.; Lin, S.H.; Sung, P.S. Longitudinal neuropsychological outcome in Taiwanese
Alzheimer’s disease patients treated with medication. Curr. Alzheimer Res. 2018, 15, 474–481. [CrossRef]

12. Domínguez, R.O.; Marschoff, E.R.; González, S.E.; Repetto, M.G.; Serra, J.A. Type 2 diabetes and/or its treatment leads to less
cognitive impairment in Alzheimer’s disease patients. Diabetes Res. Clin. Pract. 2012, 98, 68–74. [CrossRef]

13. Brainard, J.; Wilsher, S.H.; Salter, C.; Loke, Y.K. Methodological review: Quality of randomized controlled trials in health literacy.
BMC Health Serv. Res. 2016, 16, 246. [CrossRef] [PubMed]

14. Sona, A.; Zhang, P.; Ames, D.; Bush, A.I.; Lautenschlager, N.T.; Martins, R.; Masters, C.L.; Rowe, C.C.; Szoeke, C.; Taddei, K.; et al.
Predictors of rapid cognitive decline in Alzheimer’s disease: Results from the Australian Imaging, Biomarkers and Lifestyle
(AIBL) study of ageing. Int. Psychogeriatr. 2012, 24, 197–204. [CrossRef]

15. Williams, M.M.; Storandt, M.; Roe, C.M.; Morris, J.C. Progression of Alzheimer’s disease as measured by Clinical Dementia
Rating Sum of Boxes scores. Alzheimers Dement. 2013, 9, S39–S44. [CrossRef] [PubMed]

16. Sakurai, H.; Hanyu, H.; Sato, T.; Kanetaka, H.; Shimizu, S.; Hirao, K.; Kikukawa, M.; Iwamoto, T. Vascular risk factors and
progression in Alzheimer’s disease. Geriatr. Gerontol. Int. 2011, 11, 211–214. [CrossRef]

17. Musicco, M.; Palmer, K.; Salamone, G.; Lupo, F.; Perri, R.; Mosti, S.; Spalletta, G.; Di Iulio, F.; Pettenati, C.; Cravello, L.; et al.
Predictors of progression of cognitive decline in Alzheimer’s disease: The role of vascular and sociodemographic factors. J.
Neurol. 2009, 256, 1288–1295. [CrossRef]

http://doi.org/10.1016/j.jalz.2010.03.016
http://www.ncbi.nlm.nih.gov/pubmed/21056013
http://doi.org/10.1016/S0140-6736(20)30367-6
http://doi.org/10.1056/NEJMp2110468
http://doi.org/10.7326/M19-3887
http://doi.org/10.1007/s00406-011-0234-2
http://doi.org/10.2165/11531270-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/19995097
http://doi.org/10.1212/WNL.57.3.489
http://doi.org/10.1001/archneurol.2011.189
http://doi.org/10.1212/WNL.43.12.2457
http://doi.org/10.1016/j.maturitas.2014.06.017
http://doi.org/10.2174/1567205014666171010112518
http://doi.org/10.1016/j.diabres.2012.05.013
http://doi.org/10.1186/s12913-016-1479-2
http://www.ncbi.nlm.nih.gov/pubmed/27402048
http://doi.org/10.1017/S1041610211001335
http://doi.org/10.1016/j.jalz.2012.01.005
http://www.ncbi.nlm.nih.gov/pubmed/22858530
http://doi.org/10.1111/j.1447-0594.2010.00669.x
http://doi.org/10.1007/s00415-009-5116-4


Int. J. Environ. Res. Public Health 2021, 18, 8576 12 of 12

18. Shao, S.C.; Chan, Y.Y.; Kao Yang, Y.H.; Lin, S.J.; Hung, M.J.; Chien, R.N.; Lai, C.C.; Lai, E.C.C. The Chang Gung Research Database—
A multi-institutional electronic medical records database for real-world epidemiological studies in Taiwan. Pharmacoepidemiol.
Drug Saf. 2019, 28, 593–600. [CrossRef] [PubMed]

19. Soto, M.E.; Andrieu, S.; Cantet, C.; Reynish, E.; Ousset, P.-J.; Arbus, C.; Gillette-Guyonnet, S.; Nourhashémi, F.; Vellas, B.; REAL.FR
Group. Predictive value of rapid decline in Mini Mental State Examination in clinical practice for prognosis in Alzheimer’s
disease. Dement. Geriatr. Cogn. Disord. 2008, 26, 109–116. [CrossRef]

20. Wilkinson, D.; Passmore, A.; Bullock, R.; Hopker, S.; Smith, R.; Potocnik, F.; Maud, C.; Engelbrecht, I.; Hock, C.; Ieni, J.; et al.
A multinational, randomised, 12-week, comparative study of donepezil and rivastigmine in patients with mild to moderate
Alzheimer’s disease. Int. J. Clin. Pract. 2002, 56, 441–446.

21. Hansen, R.A.; Gartlehner, G.; Webb, A.P.; Morgan, L.C.; Moore, C.G.; Jonas, D.E. Efficacy and safety of donepezil, galantamine,
and rivastigmine for the treatment of Alzheimer’s disease: A systematic review and meta-analysis. Clin. Interv. Aging. 2008, 3,
211–215.

22. Mungas, D.; Reed, B.R.; Ellis, W.G.; Jagust, W.J. The effects of age on rate of progression of Alzheimer disease and dementia with
associated cerebrovascular disease. Arch. Neurol. 2001, 58, 1243–1247. [CrossRef]

23. Wilson, R.S.; Beckett, L.A.; Barnes, L.L.; Schneider, J.A.; Bach, J.; Evans, D.A.; Bennett, D.A. Individual differences in rates of
change in cognitive abilities of older persons. Psychol. Aging. 2002, 17, 179–193. [CrossRef] [PubMed]

24. Ho, G.J.; Hansen, L.A.; Alford, M.F.; Foster, K.; Salmon, D.P.; Galasko, D.; Thal, L.J.; Masliah, E. Age at onset is associated with
disease severity in Lewy body variant and Alzheimer’s disease. Neuroreport 2002, 13, 1825–1828. [CrossRef]

25. Bernick, C.; Cummings, J.; Raman, R.; Sun, X.; Aisen, P. Age and rate of cognitive decline in Alzheimer disease: Implications for
clinical trials. Arch. Neurol. 2012, 69, 901–905. [CrossRef] [PubMed]

26. Burke, S.N.; Mormino, E.C.; Rogalski, E.J.; Kawas, C.H.; Willis, R.J.; Park, D.C. What are the later life contributions to reserve,
resilience, and compensation? Neurobiol. Aging. 2019, 83, 140–144. [CrossRef]

27. Golchert, J.; Roehr, S.; Luck, T.; Wagner, M.; Fuchs, A.; Wiese, B.; van den Bussche, H.; Brettschneider, C.; Werle, J.; Bickel,
H.; et al. Women Outperform Men in Verbal Episodic Memory Even in Oldest-Old Age: 13-Year Longitudinal Results of the
AgeCoDe/AgeQualiDe Study. J. Alzheimers Dis. 2019, 69, 857–869. [CrossRef]

28. Van Exel, E.; Gussekloo, J.; De Craen, A.J.; Bootsma-Van Der Wiel, A.; Houx, P.; Knook, D.L.; Westendorp, R.G. Cognitive function
in the oldest old: Women perform better than men. J. Neurol. Neurosurg. Psychiatry 2001, 71, 29–32. [CrossRef] [PubMed]

29. Sanz, C.; Andrieu, S.; Sinclair, A.; Hanaire, H.; Vellas, B. Diabetes is associated with a slower rate of cognitive decline in Alzheimer
disease. Neurology 2009, 73, 1359–1366. [CrossRef]

30. Secnik, J.; Cermakova, P.; Fereshtehnejad, S.-M.; Dannberg, P.; Johnell, K.; Fastbom, J.; Winblad, B.; Eriksdotter, M.; Religa, D.
Diabetes in a large dementia cohort: Clinical characteristics and treatment from the Swedish dementia registry. Diabetes Care 2017,
40, 1159–1166. [CrossRef]

31. Li, J.; Zhang, M.; Xu, Z.-Q.; Gao, C.-Y.; Fang, C.-Q.; Deng, J.; Yan, J.-C.; Wang, Y.-J.; Zhou, H.-D. Vascular risk aggravates the
progression of Alzheimer’s disease in a Chinese cohort. J. Alzheimers Dis. 2010, 20, 491–500. [CrossRef] [PubMed]

32. Mielke, M.; Rosenberg, P.; Tschanz, J.; Cook, L.; Corcoran, C.; Hayden, K.; Norton, M.; Rabins, P.; Green, R.; Welsh-Bohmer, K.;
et al. Vascular factors predict rate of progression in Alzheimer disease. Neurology 2007, 69, 1850–1858. [CrossRef]

33. Helzner, E.P.; Luchsinger, J.A.; Scarmeas, N.; Cosentino, S.; Brickman, A.M.; Glymour, M.M.; Stern, Y. Contribution of vascular
risk factors to the progression in Alzheimer disease. Arch. Neurol. 2009, 66, 343–348. [CrossRef]

34. Bellew, K.M.; Pigeon, J.G.; Stang, P.E.; Fleischman, W.; Gardner, R.M.; Baker, W.W. Hypertension and the rate of cognitive decline
in patients with dementia of the Alzheimer type. Assoc. Disord. 2004, 18, 208–213.

35. Safouris, A.; Hambye, A.S.; Sculier, C.; Papageorgiou, S.G.; Vasdekis, S.N.; Gazagnes, M.D.; Tsivgoulis, G. Chronic brain
hypoperfusion due to multi-vessel extracranial atherosclerotic disease: A potentially reversible cause of cognitive impairment. J.
Alzheimers Dis. 2015, 43, 23–27. [CrossRef]

36. American Psychiatric Association (APA). Diagnostic and Statistical Manual of Mental Disorders 5th Edition (DSM-5); American
Psychiatric Association Publishing: Washington, DC, USA, 2013.

37. Tsai, M.S.; Lin, M.H.; Lee, C.P.; Yang, Y.H.; Chen, W.C.; Chang, G.H.; Tsai, Y.T.; Chen, P.C.; Tsai, Y.H. Chang Gung Research
Database: A multi-institutional database consisting of original medical records. Biomed. J. 2017, 40, 263–269. [CrossRef]

38. Xu, W.; Tan, L.; Wang, H.F.; Jiang, T.; Tan, M.S.; Tan, L.; Zhao, Q.F.; Li, J.Q.; Wang, J.; Yu, J.T. Meta-analysis of modifiable risk
factors for Alzheimer’s disease. Neurol. Neurosurg. Psychiatry 2015, 86, 1299–1306. [CrossRef]

http://doi.org/10.1002/pds.4713
http://www.ncbi.nlm.nih.gov/pubmed/30648314
http://doi.org/10.1159/000144073
http://doi.org/10.1001/archneur.58.8.1243
http://doi.org/10.1037/0882-7974.17.2.179
http://www.ncbi.nlm.nih.gov/pubmed/12061405
http://doi.org/10.1097/00001756-200210070-00028
http://doi.org/10.1001/archneurol.2011.3758
http://www.ncbi.nlm.nih.gov/pubmed/22431834
http://doi.org/10.1016/j.neurobiolaging.2019.03.023
http://doi.org/10.3233/JAD-180949
http://doi.org/10.1136/jnnp.71.1.29
http://www.ncbi.nlm.nih.gov/pubmed/11413258
http://doi.org/10.1212/WNL.0b013e3181bd80e9
http://doi.org/10.2337/dc16-2516
http://doi.org/10.3233/JAD-2010-1383
http://www.ncbi.nlm.nih.gov/pubmed/20164563
http://doi.org/10.1212/01.wnl.0000279520.59792.fe
http://doi.org/10.1001/archneur.66.3.343
http://doi.org/10.3233/JAD-141203
http://doi.org/10.1016/j.bj.2017.08.002
http://doi.org/10.1136/jnnp-2015-310548

	Introduction 
	Materials and Methods 
	Data Source 
	Selection of Patients with AD and Comorbidities 
	Patient Data and Their Anonymity 
	Statistical Analysis 

	Results 
	Characteristics of Study Participants 
	Risk of Rapid Cognitive Decline among Patients with AD 
	Sensitivity Analysis: Risk of Rapid Cognitive Decline among Patients with AD Stratified by Age 
	Sensitivity Analysis: Risk of Rapid Cognitive Decline among Patients with AD Stratified by HTN and T2DM 

	Discussion 
	Conclusions 
	References

