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Abstract: Background: Whether gender differences exist in late-onset of Alzheimer’s disease (LOAD)
treated with cholinesterase inhibitors (ChEIs) is not fully understood. This study investigated
demographic and pharmacological characteristics in LOAD patients to determine gender differences
in LOAD patients treated with ChEIs alone and ChEIs with other medications. Methods: This
5-year retrospective data analysis included 9290 LOAD AD patients with 2949 men patients and 6341
women. Potential predictors of demographic and pharmacological characteristics associated gender
differences in patients treated with and without ChEIs therapy were determined using univariate
analysis, while multivariable models adjusted for demographic and pharmacological variables.
Results: In the adjusted analysis, men patients with LOAD that presented with a history of alcohol
use (ETOH) (OR = 1.339, 95% CI, 1.072–1.672, p = 0.010), treated with second generation antipsychotics
(SGAs) (OR = 1.271, 95% CI, 1.003–1.610, p = 0.047), citalopram (OR = 5.103, 95% CI, 3.423–7.607,
p < 0.001), memantine (OR = 4.409, 95% CI, 3.704–5.249, p < 0.001), and buspirone (OR = 2.166, 95%
CI, 1.437–3.264, p < 0.001) were more likely to receive ChEIs therapy, whereas older men were less
likely to be treated with ChEIs therapy. Women who were African Americans (OR = 1.387, 95% CI,
1.168–1.647, p < 0.001), that received memantine (OR = 3.412, 95% CI, 3.034–3.837, p < 0.001), selective
serotonin reuptake inhibitor (SSRIs) (OR = 1.143, 95% CI, 1.016–1.287, p = 0.026), and a history of
ETOH (OR = 2.109, 95% CI, 1.724–2.580, p < 0.001) were more likely to receive ChEIs therapy, whereas
older women were less likely to receive ChEIs therapy. Conclusion: In both men and women patients,
those with increasing age were less likely to be treated with ChEI therapy, while patients treated
with memantine were also likely to receive ChEI therapy. Our findings highlight the importance
for clinicians to optimize ChEI in LOAD to improve treatment effectiveness and eliminate gender
differences in ChEI therapy.

Keywords: cholinesterase inhibitors; early-onset Alzheimer’s disease; late-onset Alzheimer’s disease

1. Introduction

Several studies [1–4] indicate that more than two-thirds of clinically diagnosed cases
of dementia and Alzheimer’s disease (AD) are women. The observed gender difference
is linked to women’s greater longevity, especially since the risk of developing dementia
increases with age [5]. The extent to which gender differences are associated with women
relative to men at older ages or also of women’s having a greater risk than men at the
same age has been investigated in different studies [5–10]. The higher number of AD cases
reported among women tend to indicate that women present with a higher incidence of
AD when compared with men [5–7]. However, a deeper review of the existing literature
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indicates that the observed gender differences in AD are more complex than currently
being reported. Several studies that found that gender differences [8–10] tend to show later
in life, and the variation point at which incidence rates begin to differ between men and
women also vary in different studies.

Psychiatric and behavioral symptoms are common in patients with AD [11]. The effect
of second-generation antipsychotics (SGAs) is known to be associated with improvement
in psychiatric symptoms, more specifically agitation, hostile suspiciousness, and psychotic
distortion [12]. While several studies found that clinical symptoms such as anger, aggres-
sion, and paranoid ideas improved with SGA treatment [13,14], whether there is evidence
of gender difference in the treatment with SGAs is not fully understood. While cholinergic
dysfunction was long thought to be the only contributor to AD symptomatology [15],
growing evidence supports a critical role for the serotonergic system in memory reten-
tion and learning by interacting with the cholinergic dopaminergic, γ-aminobutyric acid
(GABA)ergic, and glutaminergic systems [16]. Selective serotonin reuptake inhibitors (SS-
RIs) are approved as first-line treatment of depressive disorders and with less severe effect
profiles when compared to older antidepressants such as the tricyclics [17]. SSRIs function
by selectively targeting the solute carrier family 6 member 4 responsible for terminating
the action of serotonin in the synaptic cleft, consequently increasing this neurotransmitter
availability at the synapse [18]. Due to women’s longer life expectancy or sociocultural
detection bias [5]; the progression of the diseases is reported to be more rapid among
elderly women [19]. While SSRIs have emerged as promising strategies to delay the onset
of AD in both men and women, it is not clear whether there is evidence of gender difference
in treatment with SSRIs among LOAD patients.

While most studies suggest that approximately 80 years old is the age in which
incidence rates in women either shift position with or increase above men’s rates [9,20–22],
there are some notable exceptions. For example, studies have reported incidence rates that
begin to deviate as early as 75–79 years [23] and as late as 90 in patients who present with
LOAD [24]. Diagnosis of AD before the age of 65 years are described as presenting with
early-onset Alzheimer’s disease (EOAD) [25], while those with an onset of AD after 65
years of age are described as having LOAD [26]. The prevalence of patients with EOAD is
reported to be low but varies from 6.0% to 16.5% [27,28]. In terms of cognition, patients with
EOAD demonstrated more impairment in language and concentration, whereas LOAD
patients presented difficulties in memory and orientation [29].

Currently, the main therapy for AD ranging from mild to severe AD are the cholinesterase
inhibitors (ChEIs) [30,31]. Positive cognitive and global symptomatic effects of ChEI ther-
apy have been reported in a randomized clinical trial [32] and observational studies [33–35]
for both EOAD and LOAD [5]. While LOAD has been reported to present more functional
deficits and severities than the EOAD [36], possible differences in demographic and other
pharmacological factors in patients treated with and without ChEIs, and how this might
contribute to a gender difference in a cohort with exclusively LOAD is not fully understood.
This issue was investigated in the current study.

A short-term positive cognitive response to ChEIs in men when compared with women
was reported for tacrine and galantamine [37,38]. The observed difference was attributed to
the role of sex hormones in AD [39], and larger cerebral hemispheres observed in men even
after adjusting for the effect of body size [40]. In a similar study, the relationship between
AD pathology and dementia was higher in women than in men [5], and men were reported
to present with less functional deficits when compared with women [6]. This explanation
was provided to explain the more favorable cognitive outcome and the better response for
men following treatment with ChEIs and other medications including SSRIs and SGAs.
Whether such differences can be associated with the demographic and pharmacological
characteristics of LOAD treated with ChEIs alone and ChEIs with other pharmacological
medications such as SSRIs and SGAs is yet to be investigated. Therefore, in this study, we
sought to explore gender differences in LOAD that received and did not receive ChEIs. We
compared men and women by looking at demographic and pharmacological characteristics



Brain Sci. 2022, 12, 160 3 of 15

to determine whether men and women patients with LOAD were treated with ChEIs
alone or ChEIs along with other medications. Because our sample was restricted to LOAD
with dementia patients that present moderate to severe symptoms, we assumed that more
women than men may be affected, which is typical for the AD population. Therefore, we
hypothesized that men and women LOAD patients would differ in regard to treatment with
ChEIs. Therefore, our first objective is to determine whether there are differences in men and
women LOAD patients treated with ChEI therapy. Moreover, since men and women present
with differences in cognitive and functional progression with women declining at much
higher rates than men [8,10], our second objective is to determine specific demographic
and pharmacological factors that contribute to gender differences in patients that received
ChEIs. The aim of the current study is to contribute to the existing literature of LOAD with
ChEIs therapy to evaluate whether ChEI therapy and ChEI combined with other therapies
are higher in women than men. Using a retrospective registry offers several benefits,
including a large sample size from a single data base; the ability to link to administrative
records; and the application of uniform methodology to identify ChEI therapy with other
pharmacological characteristics for men and women across LOAD patients.

2. Methods
2.1. Study Population

This study was approved by the Institutional Review Board (IRB) of PRISMA Health.
We retrospectively analyzed data for patients who presented to Prisma Health-Upstate
(formerly known as Greenville Health System) with the diagnosis of Alzheimer’s Disease
from February 2016 to July 2020. Patients may have presented due a complaint stem-
ming from their AD or for an unrelated problem. Most patients presented to a Prisma
Health-Upstate Emergency Department, but patients also were recorded who presented to
other locations, like an operating room, or gastrointestinal laboratory. Patients with AD
with behavioral disturbances (e.g., anxiety, irritation, mood changes, verbal and physical
aggression, wandering, or agitation), without behavioral disturbances, and unknown status
of behavioral disturbances were all included in this study. Patients were excluded if they
were diagnosed with EOAD or presented with AD under the age of 65.

Demographics, medication history, and social risk factors were all were collected
from a comprehensive database. The demographic variables included age, race/ethnicity,
gender, and ethnicity. Social risk factors included alcohol use and tobacco use history.
Alcohol use was based on if a patient reported that they ever consumed alcohol, regardless
of the amount of time that had passed, and tobacco use was categorized in a similar fashion.
Medication history was recorded for mainly central nervous system agents. These ChEIs,
specifically donepezil, galantamine, and rivastigmine, second generation antipsychotics
(SGA), specifically aripiprazole, olanzapine, and risperidone, and selective serotonin re-
ceptor inhibitors (SSRI), specifically citalopram, escitalopram, and paroxetine. Memantine,
trazadone, buspirone, and valproate usage were also included in our analysis. Dosages of
medications were not recorded in the data base.

For the diagnosis, following clinical diagnosis of memory loss following a brief initial
screening test using Item Informant Questionnaire was provided [41]. This allows the
general assessment of cognition, and the ascertainment of dementia using the Diagnostic
and Statistical Manual of Mental Disorders, 5th ed. with updated diagnostic criteria [42].
The screening tests allowed for a quick assessment and the need for further evaluation [37].
Following a positive assessment, a subsequent cognitive evaluation using the Mini-Mental
State Examination, Montreal Cognitive Assessment, Saint Louis University Mental Status
Examination [43] as the screening tool was performed. Other follow-up evaluation in-
cludes screening for depression, performance of laboratory testing and ordering structural
neuroimaging [44].
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2.2. Statistical Analysis

The initial analysis focused on performing univariate statistical analysis to determine
demographic and pharmacological characteristics of patients with LOAD by gender. The
normal distribution of our data was tested using a Kolmogorov–Smirnov test following the
determination of mean and standard deviation. In addition, our data was also validated
for normal distribution using Lilliefors test that gives more accurate results. Descriptive
statistics was used, and a Student’s t-test was considered for continuous variables while a
Man–Whitney-U or Pearson chi-square test as appropriate was used to analyze discrete
variables to determine comparisons between the ChEI and non ChEI group. Similar analysis
was performed to determine different demographic and pharmacological risk factors in
patients with late LOAD who were or were not taking a ChEI, stratified by gender. For
all continuous variables, the mean, standard deviation, and range were calculated and for
all discrete variables, the number of patients and percentage of patients in that category
were determined. Then, the logistic models were built using the established predictors
from the second univariate analysis. This post hoc adjusted analysis was executed using
the likelihood ratio backward selection method. This method was chosen because all the
initially selected demographic, social, and pharmacological risk factors were included
in the model and then systematically removed if they did not contribute to the overall
significance of the model.

For the multivariate analysis, multicollinearity was determined for the interactive
effects of variables using variance inflation factors (VIFs). In addition, we tested the validity
of our model using a Hosmer–Lemeshow test, while the overall correct classification
percentage and the area under the receiver operating curve (AUROC) for score prediction
was determined to test the sensitivity, specificity, and accuracy of the model. For each of the
regression models, the dependent variable was the presence of ChEI therapy. The primary
independent variables were the demographic, social, and pharmacologic factors stratified
by gender in patients diagnosed with LOAD. Odds ratios and 95% confidence intervals
(95% CIs) of outcome measures were obtained from this model with the significance of
0.05. The odds of receiving ChEI therapy for LOAD were determined separately for men,
women, and the entire sample independent of gender. The odds ratios values were used to
determine independent variables that predicted LOAD patients by gender that received
ChEI therapy. The overall correct classification percentage and area under the Receiver
Operating Curve (ROC) were used to determine the sensitivity, specificity, and accuracy
of the logistic regression model for all three groups (whole LOAD population, men and
women LOAD that had received or had not received ChEI therapy alone and/or combined
with other medications). All statistical analyses were done using the Statistical Package for
Social Sciences v 26.0 for Windows (SPSS, Chicago, IL, USA).

3. Results

A total of 9290 of LOAD patients were identified in this study. Of this population,
2949 patients were men and 6341 were women (Table 1). As shown in Table 1, women
were likely to be older (86.60 ± 7.51 vs. 85.59 ± 7.15, p < 0.001), from Hispanic ethnic
group (2.3% vs. 1.1%, p < 0.001), but less likely to be white or Caucasians (87.8% vs. 82.3%,
p < 0.001). Fewer women presented with a history of ETOH use (10.9% vs. 18.2%), and
tobacco use (32.5% vs. 65.5%, p < 0.001), and tobacco use (32.5% vs. 65.5%, p < 0.001).
Women were less likely to be taking galantamine (1.2% vs. 2.1%, p < 0.001), and memantine
(43.9% vs. 47.0%, p < 0.001), but more likely to be on an SSRI (35.6% vs. 27.3%, p < 0.001),
specifically citalopram (12.9% vs. 9.7%, p < 0.001), escitalopram (23.5% vs. 17.9%, p < 0.001),
aripiprazole (2.8% vs. 1.2%, p < 0.001), and buspirone (7.9% vs. 5.8%).
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Table 1. Comparison of Demographic and Clinical Characteristics of Late-Onset Alzheimer’s Dis-
ease Patients.

Characteristic Men Women

Number of Patients 2949 6341 p-Value
Age Group: No. (%)

60–69 104 (1.6) 32 (1.1) 0.007 *a

70–79 1076 (17.0) 562 (19.1)
≥80 5161 (81.4) 2355 (79.9)

Mean ± SD 85.59 ± 7.15 86.60 ± 7.51 <0.001 *b

Race: No (%)
White 5218 (82.3) 2590 (87.8) <0.001 *a

Black 790 (12.5) 246 (8.3)
Other 333 (5.3) 113 (3.8)

Hispanic Ethnicity: No. (%) 148 (2.3) 31 (1.1) <0.001 *a

ETOH 680 (10.9) 526 (18.2) <0.001 *a

Tobacco 2019 (32.5) 1879 (65.5) <0.001 *a

Medications
Central acetylcholinesterase

inhibitor 3983 (62.8) 1902 (64.5) 0.117

Donepezil 3456 (54.5) 1657 (56.2) 0.128
Galantamine 77 (1.2) 62 (2.1) 0.001 *a

Rivastigmine 782 (12.3) 342 (11.6) 0.312
Second Generation

Antipsychotic 1017 (16.0) 470 (15.9) 0.902

Aripiprazole 175 (2.8) 34 (1.2) <0.001 *
Olanzapine 267 (4.2) 131 (4.4) 0.608
Risperidone 681 (10.7) 318 (10.8) 0.950

Selective Serotonin Receptor
Inhibitor 2260 (35.6) 806 (27.3) <0.001 *a

Citalopram 819 (12.9) 286 (9.7) <0.001 *a

Escitalopram 1489 (23.5) 529 (17.9) <0.001 *a

Paroxetine 0 (0.0) 0 (0.0)
Memantine 2783 (43.9) 1385 (47.0) 0.006 *a

Trazadone 0 (0.0) 0 (0.0)
Trazadone 501 (7.9) 170 (5.8) <0.001 *a

Valproate 0 (0.0) 0 (0.0)

Notes: a Pearson’s chi-squared test; b Student’s T test; * p-value < 0.05.

The demographic and pharmacological characteristics associated with ChEI therapy
in LOAD patients stratified by gender is presented in Table 2. In the men group, 1047 did
not receive ChEI therapy while 1902 received ChEI therapy. Men that received ChEI were
younger (85.26 ± 7.07 vs. 86.21 ± 7.24, p < 0.001), and presented with a history of ETOH
use (19.9% vs. 15.1%, p < 0.002). This group also presented with a higher usage of SGA
(17.4% vs. 13.4%, p < 0.005), SSRIs (32.3% vs. 18.4%, p < 0.001), specifically citalopram
(13.4% vs. 3.1%, p < 0.001), escitalopram (19.3% vs. 15.4%, p < 0.001), memantine (59.5% vs.
24.3%, p < 0.001), and buspirone (7.2% vs. 3.2%, p < 0.001). Women who received ChEIs
were more likely to be younger (85.86 ± 7.18 vs. 87.85 ± 7.88, p < 0.001), less likely to be
Caucasians (81.3% vs. 83.9%, p < 0.001), and presented with higher rates of ETOH use
(13.3% vs. 6.7%, p < 0.001). This group was more likely to be taking a SSRI (37.8% vs. 31.9%,
p < 0.001), specifically escitalopram (25.2% vs. 20.7%, p < 0.001), and memantine (55.1% vs.
25.0%, p < 0.001).
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Table 2. Comparison of Demographics and Clinical Characteristics of Late-Onset Alzheimer’s Disease
Patients who were taking a Central Acetylcholinesterase Inhibitor dependent on Gender.

Men Women
Characteristic No CAI CAI No CAI CAI

Number of Patients 1047 1902 p-Value 2358 3982 p-Value
Age Group: No. (%)

60–69 2 (0.2) 30 (1.6) 0.002 *a 25 (1.1) 79 (2.0) <0.001 *a

70–79 198 (18.9) 364 (19.1) 359 (15.2) 717 (18.0)
≥ 80 847 (80.9) 1508 (79.3) 1974 (83.7) 3187 (80.0)

Mean ± SD 86.21 ± 7.24 85.26 ± 7.07 0.001 *b 87.85 ± 7.88 85.86 ± 7.18 <0.001 *b

Race: No (%)
White 933 (89.1) 1657 (87.1) 0.136 1979 (83.9) 3239 (81.3) 0.001 *a

Black 73 (7.0) 173 (9.1) 247 (10.5) 543 (13.6)
Other 41 (3.9) 72 (3.8) 132 (5.6) 201 (5.0)

Hispanic Ethnicity: No. (%) 12 (1.2) 19 (1.0) 0.716 48 (2.1) 100 (2.5) 0.237
ETOH 154 (15.1) 372 (19.9) 0.002 *a 154 (6.7) 526 (13.3) <0.001 *a

Tobacco 674 (67.0) 1205 (64.7) 0.213 744 (32.5) 1275 (32.5) 0.965
Medications

Second Generation
Antipsychotic 140 (13.4) 330 (17.4) 0.005 *a 386 (16.4) 631 (15.8) 0.580

Aripiprazole 8 (0.8) 26 (1.4) 0.142 70 (3.0) 105 (2.6) 0.435
Olanzapine 39 (3.7) 92 (4.8) 0.161 100 (4.2) 167 (4.2) 0.927
Risperidone 100 (9.6) 218 (11.5) 0.109 251 (10.6) 430 (10.8) 0.851

Selective Serotonin Receptor
Inhibitor 193 (18.4) 613 (32.3) <0.001 *a 753 (31.9) 1507 (37.8) <0.001 *a

Citalopram 32 (3.1) 254 (13.4) <0.001 *a 288 (12.2) 531 (13.3) 0.200
Escitalopram 161 (15.4) 368 (19.3) 0.007 *a 487 (20.7) 1002 (25.2) <0.001 *a

Paroxetine 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Memantine 254 (24.3) 1131 (59.5) <0.001 *a 590 (25.0) 2193 (55.1) <0.001 *a

Trazadone 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Buspirone 33 (3.2) 137 (7.2) <0.001 *a 192 (8.1) 309 (7.8) 0.583
Valproate 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Notes: a Pearson’s chi-squared test; b Student’s T test; * p-value < 0.05.

In the adjusted analysis, memantine (OR = 3.670, 95% CI, 3.325–4.051, p < 0.001), SSRIs
(OR = 1.314, 95% CI, 1.025.–1.119, p = 0.033), African Americans (OR = 1.377, 95% CI,
1.184–1.600, p < 0.001), and a history of ETOH (OR = 1.705, 95% CI, 1.468–1.979, p < 0.001)
were associated with receiving ChEI in all patients with LOAD independent of gender,
while older people (OR = 0.980, 95% CI, 0.974–0.986, p < 0.001) were less likely to receive
ChEI therapy (Figure 1). The ROC curve for the predictive power of the regression model
is presented in Figure 2. The discriminating capability of the model was moderately
strong as shown by the ROC curve, with area under the curve (AUROC) = 0.697 (95% CI,
0.685–0.708, p < 0.001). The forest plot for the logistic regression model for the men with
LOAD is presented in Figure 3. As shown in the figure, history of ETOH (OR = 1.339, 95%
CI, 1.072–1.672, p = 0.010), SGAs (OR = 1.271, 95% CI, 1.003–1.610, p = 0.047), citalopram
(OR = 5.103, 95% CI, 3.423–7.607, p < 0.001), memantine (OR = 4.409, 95% CI, 3.704–5.249,
p < 0.001), and buspirone (OR = 2.166, 95% CI, 1.437–3.264, p < 0.001) were more likely to
be associated with ChEIs therapy, whereas older people (OR = 0.987, 95% CI, 0.975–0.998,
p = 0.027) were less likely to receive ChEI therapy. As presented in Figure 4, the predictive
power of the logistic regression was moderately strong. The area under the curve (AUROC)
is 0.730 (95% CI, 0.711–0.749, p < 0.001). The forest plot representation of the logistic
regression model for women patients with LOAD with or without ChEI therapy is presented
in Figure 5. As shown in the figure, women African American patients (OR = 1.387, 95% CI,
1.168–1.647, p < 0.001), treated with memantine (OR = 3.412, 95% CI, 3.034–3.837, p < 0.001),
SSRIs (OR = 1.143, 95% CI, 1.016–1.287, p = 0.026), and with a history of ETOH (OR = 2.109,
95% CI, 1.724–2.580, p < 0.001) were more likely to receive ChEIs, whereas older women
(OR = 0.976, 95% CI, 0.968–0.983, p < 0.001) were less likely to receive ChEI therapy. As
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presented in Figure 6, the predictive power of the logistic regression was moderately strong.
The area under the curve (AUROC) is 0.688 (95% CI, 0.674–0.702, p < 0.001).
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table (overall correctly classified percentage = 67.2%) and area under the ROC curve (AUC = 0.697,
0.685–0.708) were applied to check model fitness.
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regression model. * Indicates statistical significance (p < 0.05) with a 95% confidence interval.
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classified percentage = 70.1%) and area under the ROC curve (AUC = 0.730, 0.711–0.749) were applied
to check model fitness.
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Figure 5. The forest plot for the demographics and pharmacological characteristics associated with
cholinesterase inhibitor (ChEI) for the women late onset Alzheimer’s disease patient population.
Adjusted OR < 1 denote factors that are associated with not receiving ChEI while OR > 1 denote
factors that are associated with receiving ChEI. Hosmer_Lemeshow test (p < 0.001 *), Cox and Snell
(R2 = 0.103). The overall classified percentage of 66.6% was applied to check for fitness of the logistic
regression model. * Indicates statistical significance (p < 0.05) with a 95% confidence interval.

Brain Sci. 2021, 11, x FOR PEER REVIEW 10 of 16 
 

 

Figure 6. ROC curve associated with prediction of receiving cholinesterase inhibitor (ChEI) for 

women late onset Alzheimer’s disease patients. Higher area under the curve (AUC) values in ROC 

analysis indicate better discrimination of the score for the measured outcome. Classification table 

(overall correctly classified percentage = 66.6%) and area under the ROC curve (AUC = 0.688, 0.674–

0.702) were applied to check model fitness. 

4. Discussion 

In this study, LOAD is defined as the onset of AD after 65 years of age, and this de-

scription is used in other studies [26,45]. In general, AD has a deceiving and gradual onset 

making it occasionally difficult to distinguish from an age-related decline in the com-

mencement of the disease [46]. The cut-off age of >65 years is subjective and may not as-

sociated any biological criteria; rather a social factor such as the traditional retirement age 

of 65 has been used as the cut-off age for LOAD [36,46]. The current study evaluated gen-

der differences in LOAD patients treated with ChEI therapy. In the univariate analysis, 

our findings reveal that more women patients treated with ChEIs therapy received galan-

tamine, while men with ChEI therapy were more likely to also receive SGAs including 

aripiprazole, and SSRIs such as citalopram, escitalopram, memantine, and buspirone. 

SSRIs are antidepressant agents that may delay the onset of AD [18]. As AD progresses, 

patients may become agitated, aggressive, or experience psychosis. SGA are used to treat 

these behavioral and psychological symptoms associated with this disease [47]. Similarly, 

buspirone is an anxiolytic medication commonly used to treat AD. In addition, meman-

tine is an N-methyl-D-aspartate (NDMA) receptor regulates glutamate, which is the pri-

mary excitatory neurotransmitter in the brain [48,49]. 

Older and fewer men Caucasians with ChEI therapy presented with a history of 

ETOH. Few of the men patients who were treated with SGAs and SSRIs such as cital-

opram, escitalopram, memantine, and buspirone also received ChEI therapy. In addition, 

we found that fewer older Caucasians with a history of ETOH, were treated with SSRIs 

such as escitalopram and memantine also received ChEI therapy. In the adjusted analysis 

for the whole patients with LOAD, older patients were not likely to be treated with ChEI 

therapy, while those with a history of ETOH that received SSRIs including memantine 

were more likely to be treated with ChEI therapy. For the men patients, the effect of age 

which was associated with not being treated with ChEI therapy in the whole LOAD pop-

ulation were sustained in the men LOAD population, following an adjusted analysis. In 

Figure 6. ROC curve associated with prediction of receiving cholinesterase inhibitor (ChEI) for
women late onset Alzheimer’s disease patients. Higher area under the curve (AUC) values in
ROC analysis indicate better discrimination of the score for the measured outcome. Classification
table (overall correctly classified percentage = 66.6%) and area under the ROC curve (AUC = 0.688,
0.674–0.702) were applied to check model fitness.
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4. Discussion

In this study, LOAD is defined as the onset of AD after 65 years of age, and this
description is used in other studies [26,45]. In general, AD has a deceiving and gradual
onset making it occasionally difficult to distinguish from an age-related decline in the
commencement of the disease [46]. The cut-off age of >65 years is subjective and may not
associated any biological criteria; rather a social factor such as the traditional retirement
age of 65 has been used as the cut-off age for LOAD [36,46]. The current study evaluated
gender differences in LOAD patients treated with ChEI therapy. In the univariate anal-
ysis, our findings reveal that more women patients treated with ChEIs therapy received
galantamine, while men with ChEI therapy were more likely to also receive SGAs includ-
ing aripiprazole, and SSRIs such as citalopram, escitalopram, memantine, and buspirone.
SSRIs are antidepressant agents that may delay the onset of AD [18]. As AD progresses,
patients may become agitated, aggressive, or experience psychosis. SGA are used to treat
these behavioral and psychological symptoms associated with this disease [47]. Similarly,
buspirone is an anxiolytic medication commonly used to treat AD. In addition, memantine
is an N-methyl-D-aspartate (NDMA) receptor regulates glutamate, which is the primary
excitatory neurotransmitter in the brain [48,49].

Older and fewer men Caucasians with ChEI therapy presented with a history of
ETOH. Few of the men patients who were treated with SGAs and SSRIs such as citalopram,
escitalopram, memantine, and buspirone also received ChEI therapy. In addition, we found
that fewer older Caucasians with a history of ETOH, were treated with SSRIs such as
escitalopram and memantine also received ChEI therapy. In the adjusted analysis for the
whole patients with LOAD, older patients were not likely to be treated with ChEI therapy,
while those with a history of ETOH that received SSRIs including memantine were more
likely to be treated with ChEI therapy. For the men patients, the effect of age which was
associated with not being treated with ChEI therapy in the whole LOAD population were
sustained in the men LOAD population, following an adjusted analysis. In addition, the
effect of ETOH and SSRIs including memantine, citalopram, and buspirone, which were
significant in the univariate analysis, were sustained in adjusted analysis and associated
with ChEI therapy.

Older women LOAD patients were less likely to receive ChEI therapy. On the other
hand, African American women with LOAD and a history of ETOH and taking SSRIs
such as memantine were more likely to be treated with ChEI therapy. In general, while
there were similarities in the effect of increasing age being less likely to be associated
with treatment with ChEI therapy, and memantine being associated with ChEI therapy
for both men and women patients, there were also specific differences. For example,
while citalopram and buspirone were associated with ChEI therapy for the men patients,
African American women with a history of ETOH and taking SSRIs were more likely to be
treated with ChEI therapy. In general, the cholinergic hypothesis in AD is thought to be
associated with a decrease in acetylcholine resulting in symptoms, and this represents the
basis for the symptomatic treatment of AD [50]. Previous strategies, including the focus on
agonists of the preserved postsynaptic muscarinic receptors such as choline, pilocarpine,
and precursors of acetylcholine such as phosphatydylcholine have not been very successful
due to severe side effects and discouraging trial results [51]. This provides a rationale for the
new focus on the use of cholinomimetics which are known to imitate action of endogenously
released acetylcholine [52]. Moreover, combining cholinomimetics, antipsychotics and
memantine is known to have a modest effect on cognition [53]. For example, a combination
of memantine and AChE inhibitors, in particular galantamine, show a significant effect in
cognitive impairment because of their complementary pharmacological effects [54]. Our
finding that a combined treatment using SSRIs with memantine or that SSRIs including
memantine, citalopram, and buspirone were more likely to be treated with ChEI therapy
supports the synergistic interaction between ChEI such as galantamine and memantine
and SSRIs on cognition of AD patients [55].
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In our finding, citalopram and buspirone were associated with ChEI therapy for
the men patients, while African American women with a history of ETOH and taking
SSRIs were more likely to be treated with ChEI therapy. A short-term positive cognitive
response to ChEIs in men when compared with women was reported for tacrine and
galantamine [37,38], and this was linked to the role of sex hormones in AD [39], and
larger cerebral hemispheres were observed in men [40]. It is also possible that the existing
explanation on the role of sex hormones in AD [39], and hemispheres differences reported
in men and women may play a major role in a possible gender difference [40].

AD is known to reduce life expectancy in untreated conditions, especially in people
affected at younger ages [56]. Whether ChEI treatment has a positive or negative effect on
increasing age is not very clear, as the few AD studies that investigated this association
reported inconsistent results [57,58]. For example, a mean survival age of 5.80 years
following AD diagnosis and the commencement of ChEI therapy was comparable to that
of patients without treatment [58–60]. However, the survival rate after 2 years was higher
in the ChEI-treated group compared with the untreated group [61]. Another study that
compared patients treated with untreated AD conditions found no difference between
these groups in patients aged < 85 years; however, a longer lifespan was observed among
the oldest ChEI-treated participants [41]. The aforementioned association between age
and ChEI-treated patients was not observed in another study [56]. Taken together, these
studies support our current findings that increasing age was not associated with ChEI
therapy in our men and women LOAD AD population. It is possible that older people are
receiving more aggressive pharmacological therapies rather than ChEI against other co-
morbid disorders [61]. It is also possible that older individuals may present less aggressive
forms of AD, and this could lead to the early detection of the AD, diagnosis and ChEI
therapy at an earlier stage [36,62]. These factors might imply a lower mortality rate with
increasing age in older AD patients in our LOAD population.

The neuropsychiatric symptoms of AD are associated with abnormalities in the sero-
tonergic, noradrenergic, cholinergic, and dopaminergic neurotransmitter systems [63]. The
hypothesis is that agitation in AD is caused by disruption in the afferent brain monoamine
system resulting in the degeneration of the serotonergic pathways disrupting the homeosta-
sis of the serotonergic–dopaminergic axis [64]. Studies on buspirone and citalopram found
that both interventions reduced agitation and were better tolerated in AD patients [65,66].
Therefore, SSRIs such as citalopram and buspirone offer alternatives for the treatment
of atypical antipsychotics where the side effect symptoms counterbalance the potential
benefits [67]. Our finding that men AD dementia with LOAD were more likely to be treated
with citalopram and buspirone is supported by existing studies that in AD patients with
dementia, men with agitation are more likely to be treated with antipsychotics than are
women with agitation [7,68]. Therefore, our current finding reveals the use of citalopram
and buspirone for the treatment of men with AD dementia that co-occur with agitation in a
population of LOAD patients.

The clinical manifestation of AD may differ for African Americans compared to non-
Hispanic whites, in that the former often present with an earlier age of onset and exhibit
greater severity of symptoms at the time of presentation [69]. A growing body of evidence
suggests that the prevalence of AD may be three times higher in older African Americans
than in older non-Hispanic whites [70,71]. While African Americans with AD present with
a slower functional decline [72] and longer survival rates [73], our finding indicates that
women African American AD patients are more likely to be treated with ChEI therapy.
This finding may lay the foundation for understanding pharmacological factors to manage
LOAD among African Americans and other minority groups. Our finding that men and
women LOAD patients treated ChEI therapy also received memantine is supported by
existing studies [74], indicating that memantine is beneficial for AD patients with moderate-
to-severe AD. Since ChEIs may be used for mild, moderate, and severe disease [75], adding
memantine for moderate to severe symptoms in LOAD may together work better than the
ChEI drugs on their own.
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5. Limitations

As with all retrospective studies, there are a number of potential limitations that must
be kept in mind in interpreting the study results. The retrospective data were from a
single institution. For this reason, the results cannot be extrapolated to other institutions.
Since the study is a retrospective data collection of electronic medical records, there is
tendency for human error as data from some study candidates may have been excluded
which could have altered the results. In addition, the retrospective nature of this study did
not include data on reasons why patients were presented for care. Moreover, data on the
systematic evaluation of behavioral disorders were not available, since issues in behavioral
disorders and the drugs used for treatment are usually considered for the prescription
of ChEIs. In addition, data on MMSE and CDR were not available to determine disease
progression and/or behavioral alterations, while information on the duration of ChEIs was
not included the data base. The problem of distinguishing age-associated decline following
the commencement of the disease made individual’s age at the onset of symptoms difficult
to estimate accurately. Due to this fact, there is a possibility that some patients were
misclassified as either EAOD or LOAD. In addition, data for a young group of populations
suffering with AD and who received ChEI therapy were not included in our analysis. All
of our subgroup analyses were predetermined, and our analyses were repeated several
times to eliminate the possibility of type 1 statistical errors. While this is a single study, the
demonstration of consistent gender disparities in the demographic and pharmacological
characteristics increases the generalizability of our findings.

6. Conclusions

In the current study, we observed similarities in men and women LOAD patients in
the effect of increasing age being associated with not being treated with ChEI therapy, and
memantine was associated with ChEI therapy. We also observed differences in that citalo-
pram and buspirone were associated with ChEI therapy for the men patients, while women
African American patients were more likely to be treated with ChEI therapy. This finding
highlights the importance for clinicians to optimize the ChEI and other pharmacological
agents in AD, regardless of gender, to improve treatment effectiveness.

Author Contributions: M.J.B.-T., N.P., L.T.R., R.L.G. and T.I.N. designed the concept, experiment,
and data analysis, while B.M. and T.I.N. critically revised the drafts, interpreted the results, read and
approved the last version of this manuscript. All authors have read and agreed to the published
version of the manuscript.

Funding: Funding for this study was provided by NIH NIA Grant number 1R25AG067934-01.

Institutional Review Board Statement: Ethics approval and consent to participate. This is a retro-
spective data collection. This study was approved by the institutional review board of PRISMA Health
institutional committee for ethics (approval number: 00052571). All data were fully anonymized
before they were accessed. Patients’ data used in our retrospective analysis were from PRISMA
Health Alzheimer data registry.

Informed Consent Statement: Not applicable. All authors have provided the corresponding author
with permission to be named in the manuscript and consented to the submission of this manuscript.

Data Availability Statement: The retrospective datasets are available by request from the corre-
sponding author of this manuscript.

Acknowledgments: We thank the stroke unit of PRISMA Health-Upstate for helping in the data
collection.

Conflicts of Interest: The authors have declared that no competing interests exist.

Abbreviations

AD: Alzheimer’s disease; AChE: Acetylcholinesterase inhibitors; IRB: Institutional Review Board;
APOE: Apolipoprotein E; CDR; clinical dementia rating; ChEI: Cholinesterase inhibitor; EOAD:



Brain Sci. 2022, 12, 160 13 of 15

Early-onset Alzheimer’s disease; LOAD: Late-onset Alzheimer’s disease; NSAIDs; non-steroidal
anti-inflammatory drugs; NMDA: N-methyl-D-aspartate; ETOH: Ethanol; MMSE: mini mental exam;
SSRIs; Selective Serotonin Reuptake Inhibitor; AUROC: Area Under the Receiver Operating Char-
acteristics: ROC; receiver operating characteristic curve; OR: Odd ratio; SGA: second generation
antipsychotics; VIF: Variance Inflation factor.

References
1. Haque, M.A.; Khalil, M.I.; Barman, N.; Islam, M.T.; Mannan, M.; Rob, M.A.; Saha, A.; Hossain, M.A. Gender variation in the risk

factors with ischemic stroke: Bangladesh perspective. Mymensingh Med. J. MMJ 2015, 24, 710–716. [PubMed]
2. Alzheimer‘s association report (2020) Alzheimer’s disease facts and figures. Alzheimers Dement. 2020, 16, 391–460. [CrossRef]

[PubMed]
3. Alzheimer’s, A. 2018 Alzheimer’s disease facts and figures. Alzheimers Dement. 2018, 14, 367–429. [CrossRef]
4. Gaugler, J.; James, B.; Johnson, T.; Marin, A.; Weuve, J.; Alzheimer’s, A. 2019 Alzheimer’s disease facts and figures. Alzheimers

Dement. 2019, 15, 321–387. [CrossRef]
5. Mielke, M.M.; Vemuri, P.; Rocca, W.A. Clinical Epidemiology of Alzheimer’s disease: Assessing sex and gender differences. Clin.

Epidemiol. 2014, 6, 37–48. [CrossRef]
6. Nebel, R.A.; Aggarwal, N.T.; Barnes, L.L.; Gallagher, A.; Goldstein, J.M.; Kantarci, K.; Mallampalli, M.P.; Mormino, E.C.; Scott, L.;

Yu, W.H.; et al. Understanding the impact of sex and gender in Alzheimer’s disease: A call to action. Alzheimers Dement. 2018, 14,
1171–1183. [CrossRef]

7. Ott, B.R.; Lapane, K.L.; Gambassi, G.; Grp, S.S. Gender differences in the treatment of behavior problems in Alzheimer’s disease.
Neurology 2000, 54, 427–432. [CrossRef]

8. Lin, K.A.; Choudhury, R.K.; Rathakrishnan, B.G.; Marks, D.M.; Petrella, J.R.; Doraiswamya, P.M. Marked gender differences in
progression of mild cognitive impairment over 8 years. Alzheimers Dement. 2015, 1, 103–110. [CrossRef]

9. Chene, G.; Beiser, A.; Au, R.; Preis, S.R.; Wolf, P.A.; Dufouil, C.; Seshadri, S. Gender and incidence of dementia in the Framingham
Heart Study from mid-adult life. Alzheimers Dement. 2015, 11, 310–320. [CrossRef]

10. Laws, K.R.; Irvine, K.; Gale, T.M. Sex differences in cognitive impairment in Alzheimer’s disease. World J. Psychiatry 2016, 6,
54–65. [CrossRef]

11. Ropacki, S.A.; Jeste, D.V. Epidemiology of and risk factors for psychosis of Alzheimer’s disease: A review of 55 studies published
from 1990 to 2003. Am. J. Psychiatry 2005, 162, 2022–2030. [CrossRef] [PubMed]

12. Mohamed, S.; Rosenheck, R.; Lyketsos, C.G.; Kaczynski, R.; Sultzer, D.L.; Schneider, L.S. Effect of second-generation antipsychotics
on caregiver burden in Alzheimer’s disease. J. Clin. Psychiatry 2012, 73, 121–128. [CrossRef] [PubMed]

13. Sultzer, D.L.; Davis, S.M.; Tariot, P.N.; Dagerman, K.S.; Lebowitz, B.D.; Lyketsos, C.G.; Rosenheck, R.A.; Hsiao, J.K.; Lieberman,
J.A.; Schneider, L.S. Clinical symptom responses to atypical antipsychotic medications in Alzheimer’s disease: Phase 1 outcomes
from the CATIE-AD effectiveness trial. Am. J. Psychiatry 2008, 165, 844–854. [CrossRef] [PubMed]

14. Ballard, C. Atypical antipsychotics fail to improve functioning or quality of life in people with Alzheimer’s disease. Evid.-Based
Ment. Health 2009, 12, 20. [CrossRef]

15. Francis, P.T.; Palmer, A.M.; Snape, M.; Wilcock, G.K. The cholinergic hypothesis of Alzheimer’s disease: A review of progress. J.
Neurol. Neurosurg. Psychiatry 1999, 66, 137–147. [CrossRef]

16. Seyedabadi, M.; Fakhfouri, G.; Ramezani, V.; Mehr, S.E.; Rahimian, R. The role of serotonin in memory: Interactions with
neurotransmitters and downstream signaling. Exp. Brain Res. 2014, 232, 723–738. [CrossRef]

17. Strawn, J.R.; Geracioti, L.; Rajdev, N.; Clemenza, K.; Levine, A. Pharmacotherapy for generalized anxiety disorder in adult and
pediatric patients: An evidence-based treatment review. Expert Opin. Pharmacother. 2018, 19, 1057–1070. [CrossRef]

18. Mdawar, B.; Ghossoub, E.; Khoury, R. Selective serotonin reuptake inhibitors and Alzheimer’s disease. Neural Regen. Res. 2020,
15, 41–46. [CrossRef]

19. Todd, S.; Barr, S.; Roberts, M.; Passmore, A.P. Survival in dementia and predictors of mortality: A review. Int. J. Geriatr. Psychiatry
2013, 28, 1109–1124. [CrossRef]

20. Tom, S.E.; Hubbard, R.A.; Crane, P.K.; Haneuse, S.J.; Bowen, J.; McCormick, W.C.; McCurry, S.; Larson, E.B. Characterization of
Dementia and Alzheimer’s disease in an older population: Updated Incidence and life expectancy with and without dementia.
Am. J. Public Health 2015, 105, 408–413. [CrossRef]

21. Au, B.; Dale-McGrath, S.; Tierney, M.C. Sex differences in the prevalence and incidence of mild cognitive impairment: A
meta-analysis. Ageing Res. Rev. 2017, 35, 176–199. [CrossRef] [PubMed]

22. Liesinger, A.M.; Graff-Radford, N.R.; Duara, R.; Carter, R.E.; Hanna Al-Shaikh, F.S.; Koga, S.; Hinkle, K.M.; DiLello, S.K.; Johnson,
M.F.; Aziz, A.; et al. Sex and age interact to determine clinicopathologic differences in Alzheimer’s disease. Acta Neuropathol.
2018, 136, 873–885. [CrossRef] [PubMed]

23. Kawas, C.H. The oldest old and the 90+ Study. Alzheimers Dement. 2008, 4, S56–S59. [CrossRef] [PubMed]
24. Fratiglioni, L.; Viitanen, M.; von Strauss, E.; Tontodonati, V.; Herlitz, A.; Winblad, B. Very old women at highest risk of dementia

and Alzheimer’s disease: Incidence data from the Kungsholmen project, Stockholm. Neurology 1997, 48, 132–138. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/26620008
http://doi.org/10.1002/alz.12068
http://www.ncbi.nlm.nih.gov/pubmed/32157811
http://doi.org/10.1016/j.jalz.2018.02.001
http://doi.org/10.1016/j.jalz.2019.01.010
http://doi.org/10.2147/CLEP.S37929
http://doi.org/10.1016/j.jalz.2018.04.008
http://doi.org/10.1212/WNL.54.2.427
http://doi.org/10.1016/j.trci.2015.07.001
http://doi.org/10.1016/j.jalz.2013.10.005
http://doi.org/10.5498/wjp.v6.i1.54
http://doi.org/10.1176/appi.ajp.162.11.2022
http://www.ncbi.nlm.nih.gov/pubmed/16263838
http://doi.org/10.4088/JCP.10m06574
http://www.ncbi.nlm.nih.gov/pubmed/21939611
http://doi.org/10.1176/appi.ajp.2008.07111779
http://www.ncbi.nlm.nih.gov/pubmed/18519523
http://doi.org/10.1136/ebmh.12.1.20
http://doi.org/10.1136/jnnp.66.2.137
http://doi.org/10.1007/s00221-013-3818-4
http://doi.org/10.1080/14656566.2018.1491966
http://doi.org/10.4103/1673-5374.264445
http://doi.org/10.1002/gps.3946
http://doi.org/10.2105/AJPH.2014.301935
http://doi.org/10.1016/j.arr.2016.09.005
http://www.ncbi.nlm.nih.gov/pubmed/27771474
http://doi.org/10.1007/s00401-018-1908-x
http://www.ncbi.nlm.nih.gov/pubmed/30219939
http://doi.org/10.1016/j.jalz.2007.11.007
http://www.ncbi.nlm.nih.gov/pubmed/18632002
http://doi.org/10.1212/WNL.48.1.132


Brain Sci. 2022, 12, 160 14 of 15

25. Wu, L.; Rosa-Neto, P.; Hsiung, G.Y.; Sadovnick, A.D.; Masellis, M.; Black, S.E.; Jia, J.; Gauthier, S. Early-onset familial Alzheimer’s
disease (EOFAD). Can. J. Neurol. Sci. 2012, 39, 436–445. [CrossRef]

26. Stanley, K.; Walker, Z. Do patients with young onset Alzheimer’s disease deteriorate faster than those with late onset Alzheimer’s
disease? A review of the literature. Int. Psychogeriatr. 2014, 26, 1945–1953. [CrossRef]

27. Eriksson, H.; Fereshtehnejad, S.M.; Falahati, F.; Farahmand, B.; Religa, D.; Eriksdotter, M. Differences in Routine clinical practice
between early and late onset Alzheimer’s Disease: Data from the Swedish Dementia Registry (SveDem). J. Alzheimers Dis. 2014,
41, 411–419. [CrossRef]

28. Tellechea, P.; Pujol, N.; Esteve-Belloch, P.; Echeveste, B.; Garcia-Eulate, M.R.; Arbizu, J.; Riverol, M. Early- and late-onset Alzheimer
disease: Are they the same entity? Neurologia 2018, 33, 244–253. [CrossRef]

29. Lee, W.J.; Yoon, C.W.; Kim, S.W.; Jeong, H.J.; Seo, S.; Na, D.L.; Noh, Y.; Seong, J.K. Effects of Alzheimer’s and Vascular Pathologies
on Structural Connectivity in Early- and Late-Onset Alzheimer’s Disease. Front. Neurosci. 2021, 15, 1–12. [CrossRef]

30. Birks, J. Cholinesterase inhibitors for Alzheimer’s disease. Cochrane Database Syst. Rev. 2006. [CrossRef]
31. Delrieu, J.; Piau, A.; Caillaud, C.; Voisin, T.; Vellas, B. Managing cognitive dysfunction through the continuum of Alzheimer’s

disease role of pharmacotherapy. CNS Drugs 2011, 25, 213–226. [CrossRef] [PubMed]
32. Shahrivar-Gargari, M.; Hamzeh-Mivehroud, M.; Hemmati, S.; Mojarrad, J.S.; Notash, B.; Kucukkilinc, T.T.; Ayazgok, B.;

Dastmalchi, S. Design, synthesis, and biological evaluation of novel indanone-based hybrids as multifunctional cholinesterase
inhibitors for Alzheimer’s disease. J. Mol. Struct. 2021, 1229, 129787. [CrossRef]

33. Miles, J.A.; Ng, J.H.; Sreenivas, B.Y.; Courageux, C.; Igert, A.; Dias, J.; McGeary, R.P.; Brazzolotto, X.; Ross, B.P. Discovery of
drug-like acetylcholinesterase inhibitors by rapid virtual screening of a 6.9 million compound database. Chem. Biol. Drug Des.
2021, 97, 1048–1058. [CrossRef] [PubMed]

34. Miles, J.A.; Ross, B.P. Recent advances in virtual screening for cholinesterase inhibitors. ACS Chem. Neurosci. 2021, 12, 30–41.
[CrossRef] [PubMed]

35. Riswanto, F.D.O.; Rawa, M.S.A.; Murugaiyah, V.; Salin, N.H.; Istyastono, E.P.; Hariono, M.; Wahab, H.A. Anti-Cholinesterase
activity of chalcone derivatives: Synthesis, in vitro assay and molecular docking study. Med. Chem. 2021, 17, 442–452. [CrossRef]
[PubMed]

36. Wattmo, C.; Wallin, A.K. Early- versus Late-Onset Alzheimer disease: Long-Term functional outcomes, nursing home placement,
and risk factors for rate of progression. Dement. Geriatr. Cogn. Disord. Extra 2017, 7, 172–187. [CrossRef] [PubMed]

37. Wattmo, C.; Wallin, A.K.; Londos, E.; Minthon, L. Predictors of long-term cognitive outcome in Alzheimer’s disease. Alzheimers
Res. Ther. 2011, 3, 1–13. [CrossRef]

38. Wattmo, C.; Wallin, A.K. Early- versus late-onset Alzheimer’s disease in clinical practice: Cognitive and global outcomes over 3
years. Alzheimers Res. Ther. 2017, 9, 1–13. [CrossRef]

39. Xu, J.; Xia, L.L.; Song, N.; Chen, S.D.; Wang, G. Testosterone, estradiol, and sex hormone-binding globulin in Alzheimer’s Disease:
A meta-analysis. Curr. Alzheimer Res. 2016, 13, 215–222. [CrossRef]

40. Raz, N.; Gunning-Dixon, F.; Head, D.; Rodrigue, K.M.; Williamson, A.; Acker, J.D. Aging, sexual dimorphism, and hemispheric
asymmetry of the cerebral cortex: Replicability of regional differences in volume. Neurobiol. Aging 2004, 25, 377–396. [CrossRef]

41. Wattmo, C.; Londos, E.; Minthon, L. Risk factors that affect life expectancy in Alzheimer’s Disease: A 15-year follow-up. Dement.
Geriatr. Cogn. Disord. 2014, 38, 286–299. [CrossRef] [PubMed]

42. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders; American Psychiatric Association:
Washington, DC, USA, 2018.

43. Zhang, S.; Wu, Y.H.; Zhang, Y.; Zhang, Y.; Cheng, Y. Preliminary study of the validity and reliability of the Chinese version of the
Saint Louis University Mental Status Examination (SLUMS) in detecting cognitive impairment in patients with traumatic brain
injury. Appl. Neuropsychol.-Adult 2019, 34, 1–8. [CrossRef] [PubMed]

44. Wattmo, C.; Londos, E.; Minthon, L. Response to cholinesterase inhibitors affects lifespan in Alzheimer’s disease. BMC Neurol.
2014, 14, 1–10. [CrossRef] [PubMed]

45. Konig, T.; Stogmann, E. Genetics of Alzheimer’s disease. Wiener Med. Wochenschr. 2021, 171, 249–256. [CrossRef]
46. Larson, E.B.; Shadlen, M.F.; Wang, L.; McCormick, W.C.; Bowen, J.D.; Teri, L.; Kukull, W.A. Survival after initial diagnosis of

Alzheimer disease. Ann. Intern. Med. 2004, 140, 501–509. [CrossRef]
47. Marvanova, M. Antipsychotic use in elderly patients with dementia: Efficacy and safety concerns. Ment. Health Clin. 2014, 4,

170–176. [CrossRef]
48. Liu, J.P.; Chang, L.R.; Song, Y.Z.; Li, H.; Wu, Y. The role of NMDA receptors in Alzheimer’s Disease. Front. Neurosci. 2019, 13, 43.

[CrossRef]
49. Malinow, R. New developments on the role of NMDA receptors in Alzheimer’s disease. Curr. Opin. Neurobiol. 2012, 22, 559–563.

[CrossRef]
50. Di Carlo, A.; Lamassa, M.; Consoli, D.; Valentia, V.; Inzitari, D. Sex differences in presentation, severity, and management of

stroke in a population-based study. Neurology 2010, 75, 670–671. [CrossRef]
51. McGleenon, B.M.; Dynan, K.B.; Passmore, A.P. Acetylcholinesterase inhibitors in Alzheimer’s disease. Br. J. Clin. Pharmacol. 1999,

48, 471–480. [CrossRef]
52. Jean, J.C.; Moos, W.H.; Johnson, G. Cholinomimetics and Alzheimer’s disease. Bioorganic Med. Chem. Lett. 1992, 2, 777–780.

[CrossRef]

http://doi.org/10.1017/S0317167100013949
http://doi.org/10.1017/S1041610214001173
http://doi.org/10.3233/JAD-132273
http://doi.org/10.1016/j.nrl.2015.08.002
http://doi.org/10.3389/fnins.2021.606600
http://doi.org/10.1002/14651858.Cd005593
http://doi.org/10.2165/11539810-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21323393
http://doi.org/10.1016/j.molstruc.2020.129787
http://doi.org/10.1111/cbdd.13825
http://www.ncbi.nlm.nih.gov/pubmed/33455074
http://doi.org/10.1021/acschemneuro.0c00627
http://www.ncbi.nlm.nih.gov/pubmed/33350300
http://doi.org/10.2174/1573406415666191206095032
http://www.ncbi.nlm.nih.gov/pubmed/31808389
http://doi.org/10.1159/000455943
http://www.ncbi.nlm.nih.gov/pubmed/28626471
http://doi.org/10.1186/alzrt85
http://doi.org/10.1186/s13195-017-0294-2
http://doi.org/10.2174/1567205013666151218145752
http://doi.org/10.1016/S0197-4580(03)00118-0
http://doi.org/10.1159/000362926
http://www.ncbi.nlm.nih.gov/pubmed/24992891
http://doi.org/10.1080/23279095.2019.1680986
http://www.ncbi.nlm.nih.gov/pubmed/31646902
http://doi.org/10.1186/s12883-014-0173-4
http://www.ncbi.nlm.nih.gov/pubmed/25213579
http://doi.org/10.1007/s10354-021-00819-9
http://doi.org/10.7326/0003-4819-140-7-200404060-00008
http://doi.org/10.9740/mhc.n204371
http://doi.org/10.3389/fnins.2019.00043
http://doi.org/10.1016/j.conb.2011.09.001
http://doi.org/10.1212/WNL.0b013e3181ec68b5
http://doi.org/10.1046/j.1365-2125.1999.00026.x
http://doi.org/10.1016/S0960-894X(00)80530-2


Brain Sci. 2022, 12, 160 15 of 15

53. Geerts, H.; Spiros, A.; Roberts, P. Assessing the synergy between cholinomimetics and memantine as augmentation therapy in
cognitive impairment in schizophrenia. A virtual human patient trial using quantitative systems pharmacology. Front. Pharmacol.
2015, 6, 198. [CrossRef] [PubMed]

54. Nikiforuk, A.; Potasiewicz, A.; Kos, T.; Popik, P. The combination of memantine and galantamine improves cognition in rats: The
synergistic role of the α7 nicotinic acetylcholine and NMDA receptors. Behav. Brain Res. 2016, 313, 214–218. [CrossRef] [PubMed]

55. Roberts, P.D.; Spiros, A.; Geerts, H. Simulations of symptomatic treatments for Alzheimer’s disease: Computational analysis of
pathology and mechanisms of drug action. Alzheimers Res. Ther. 2012, 4, 50. [CrossRef]

56. Mueller, C.; Soysal, P.; Rongve, A.; Isik, A.T.; Thompson, T.; Maggi, S.; Smith, L.; Basso, C.; Stewart, R.; Ballard, C.; et al. Survival
time and differences between dementia with Lewy bodies and Alzheimer’s disease following diagnosis: A meta-analysis of
longitudinal studies. Ageing Res. Rev. 2019, 50, 72–80. [CrossRef]

57. Bleckwenn, M.; Kleineidam, L.; Wagner, M.; Jessen, F.; Weyerer, S.; Werle, J.; Wiese, B.; Luhmann, D.; Posselt, T.; Konig, H.H.; et al.
Impact of coronary heart disease on cognitive decline in Alzheimer’s disease: A prospective longitudinal cohort study in primary
care. Br. J. Gen. Pract. 2017, 67, E111–E117. [CrossRef]

58. Rountree, S.D.; Chan, W.; Pavlik, V.N.; Darby, E.J.; Doody, R.S. Factors that influence survival in a probable Alzheimer disease
cohort. Alzheimers Res. Ther. 2012, 4, 1–6. [CrossRef]

59. Fazal, K.; Perera, G.; Khondoker, M.; Howard, R.; Stewart, R. Associations of centrally acting ACE inhibitors with cognitive
decline and survival in Alzheimer’s disease. Bjpsych. Open 2017, 3, 158–164. [CrossRef]

60. Pimouguet, C.; Delva, F.; Le Goff, M.; Stern, Y.; Pasquier, F.; Berr, C.; Tzourio, C.; Dartigues, J.F.; Helmer, C. Survival and early
recourse to care for dementia: A population based study. Alzheimers Dement. 2015, 11, 385–393. [CrossRef]

61. Gasper, M.C.; Ott, B.R.; Lapane, K.L. Is donepezil therapy associated with reduced mortality in nursing home residents with
dementia? Am. J. Geriatr. Pharmacother. 2002, 3, 1–7. [CrossRef]

62. Rajamaki, B.; Hartikainen, S.; Tolppanen, A.M. The effect of comorbidities on survival in persons with Alzheimer’s disease: A
matched cohort study. BMC Geriatr. 2021, 21, 1–9. [CrossRef] [PubMed]

63. Van Dam, D.; Vermeiren, Y.; Dekker, A.D.; Naude, P.J.W.; De Deyn, P.P. Neuropsychiatric disturbances in Alzheimer’s disease:
What have we learned from neuropathological studies? Curr. Alzheimer Res. 2016, 13, 1145–1164. [CrossRef] [PubMed]

64. Simic, G.; Leko, M.B.; Wray, S.; Harrington, C.R.; Delalle, I.; Jovanov-Milosevic, N.; Bazadona, D.; Buee, L.; de Silva, R.; Di
Giovanni, G.; et al. Monoaminergic neuropathology in Alzheimer’s disease. Prog. Neurobiol. 2017, 151, 101–138. [CrossRef]
[PubMed]

65. McDermott, C.L.; Gruenewald, D.A. Pharmacologic management of agitation in patients with dementia. Curr. Geriatr. Rep. 2019,
8, 1–11. [CrossRef]

66. Cruz, M.R.S.; Hidalgo, P.C.; Lee, M.S.; Thomas, C.W.; Holroyd, S. Buspirone for the treatment of dementia with behavioral
disturbance. Int. Psychogeriatr. 2017, 29, 859–862. [CrossRef]

67. Moret, C. Combination/augmentation strategies for improving the treatment of depression. Neuropsychiatr. Dis. Treat. 2005, 1,
301–309.

68. Herrmann, N.; Lanctot, K.L. Pharmacologic management of neuropsychiatric symptoms of Alzheimer disease. Can. J. Psychiatry-
Rev. Can. de Psychiatr. 2007, 52, 630–646. [CrossRef]

69. Matthews, K.A.; Xu, W.; Gaglioti, A.H.; Holt, J.B.; Croft, J.B.; Mack, D.; McGuire, L.C. Racial and ethnic estimates of Alzheimer’s
disease and related dementias in the United States (2015–2060) in adults aged ≥ 65 years. Alzheimers Dement. 2019, 15, 17–24.
[CrossRef]

70. Potter, G.G.; Plassman, B.L.; Burke, J.R.; Kabeto, M.U.; Langa, K.M.; Llewellyn, D.J.; Rogers, M.A.M.; Steffens, D.C. Cognitive
performance and informant reports in the diagnosis of cognitive impairment and dementia in African Americans and whites.
Alzheimers Dement. 2009, 5, 445–453. [CrossRef]

71. Barnes, L.L.; Bennett, D.A. Alzheimer’s Disease In African Americans: Risk Factors and Challenges for the Future. Health Aff.
2014, 33, 580–586. [CrossRef]

72. Barnes, L.L.; Wilson, R.S.; Li, Y.; Aggarwal, N.T.; Gilley, D.W.; McCann, J.J.; Evans, D.A. Racial differences in the progression of
cognitive decline in Alzheimer disease. Am. J. Geriatr. Psychiatry 2005, 13, 959–967. [CrossRef] [PubMed]

73. Babulal, G.M.; Quiroz, Y.T.; Albensi, B.C.; Arenaza-Urquijo, E.; Astell, A.J.; Babiloni, C.; Bahar-Fuchs, A.; Bell, J.; Bowman, G.L.;
Brickman, A.M.; et al. Perspectives on ethnic and racial disparities in Alzheimer’s disease and related dementias: Update and
areas of immediate need. Alzheimers Dement. 2019, 15, 292–312. [CrossRef] [PubMed]

74. Vishwas, S.; Awasthi, A.; Corrie, L.; Singh, S.K.; Gulati, M. Multiple target-based combination therapy of galantamine, memantine
and lycopene for the possible treatment of Alzheimer’s disease. Med. Hypotheses 2020, 143. [CrossRef] [PubMed]

75. Grossberg, G.T.; Tong, G.; Burke, A.D.; Tariot, P.N. Present Algorithms and Future Treatments for Alzheimer’s Disease. J.
Alzheimers Dis. 2019, 67, 1157–1171. [CrossRef]

http://doi.org/10.3389/fphar.2015.00198
http://www.ncbi.nlm.nih.gov/pubmed/26441655
http://doi.org/10.1016/j.bbr.2016.07.023
http://www.ncbi.nlm.nih.gov/pubmed/27435422
http://doi.org/10.1186/alzrt153
http://doi.org/10.1016/j.arr.2019.01.005
http://doi.org/10.3399/bjgp16X688813
http://doi.org/10.1186/alzrt119
http://doi.org/10.1192/bjpo.bp.116.004184
http://doi.org/10.1016/j.jalz.2014.04.512
http://doi.org/10.1016/j.amjopharm.2005.02.001
http://doi.org/10.1186/s12877-021-02130-z
http://www.ncbi.nlm.nih.gov/pubmed/33750334
http://doi.org/10.2174/1567205013666160502123607
http://www.ncbi.nlm.nih.gov/pubmed/27137218
http://doi.org/10.1016/j.pneurobio.2016.04.001
http://www.ncbi.nlm.nih.gov/pubmed/27084356
http://doi.org/10.1007/s13670-019-0269-1
http://doi.org/10.1017/S1041610216002441
http://doi.org/10.1177/070674370705201004
http://doi.org/10.1016/j.jalz.2018.06.3063
http://doi.org/10.1016/j.jalz.2009.04.1234
http://doi.org/10.1377/hlthaff.2013.1353
http://doi.org/10.1097/00019442-200511000-00006
http://www.ncbi.nlm.nih.gov/pubmed/16286439
http://doi.org/10.1016/j.jalz.2018.09.009
http://www.ncbi.nlm.nih.gov/pubmed/30555031
http://doi.org/10.1016/j.mehy.2020.109879
http://www.ncbi.nlm.nih.gov/pubmed/32474382
http://doi.org/10.3233/JAD-180903

	Introduction 
	Methods 
	Study Population 
	Statistical Analysis 

	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

