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Background: Increasing evidence suggests that demographic and pharmacologic factors may play a significant role in the epidemiology of dementia. Sex differences in prevalence also depend on dementia subtypes, such as Alzheimer's dementia (AD), vascular dementia (VaD), and mixed vascular-Alzheimer's dementia (MVAD). Therefore, studies are needed to investigate sex-specific differences, and identify potential therapeutic targets for both sexes.

Methods: Data was collected from the Prisma Health-Upstate Alzheimer's registry from 2016 to 2021 for 6,039 VaD patients, 9,290 AD patients, and 412 MVAD patients. A logistic regression was used to determine demographic and pharmacological factors associated with gender differences in patients with VaD, AD, and MVAD.

Results: In patients with VaD, African Americans (OR = 1.454, 95% CI, 1.257–1.682, p < 0.001) with increasing age (OR = 1.023, 95% CI, 1.017–1.029, p < 0.001), treated with aripiprazole (OR = 4.395, 95% CI, 2.880–6.707, p < 0.001), were associated with females, whereas patients treated with galantamine (OR = 0.228, 95% CI, 0.116–0.449, p < 0.001), memantine (OR = 0.662, 95% CI, 0.590–0.744, p < 0.001), with a history of tobacco (OR = 0.312, 95% CI, 0.278–0.349, p < 0.001), and ETOH (OR = 0.520, 95% CI, 0.452–0.598, p < 0.001) were associated with males. Among AD patients, African Americans (OR = 1.747, 95% CI, 1.486–2.053, p < 0.001), and Hispanics (OR = 3.668, 95% CI, 1.198–11.231, P = 0.023) treated with buspirone (OR = 1.541, 95% CI, 1.265–1.878, p < 0.001), and citalopram (OR = 1.790, 95% CI, 1.527–2.099, p < 0.001), were associated with females, whereas patients treated with memantine (OR = 0.882, 95% CI, 0.799–0.974, p = 0.013), and with a history of tobacco (OR = 0.247, 95% CI, 0.224–0.273, p < 0.001), and ETOH (OR = 0.627, 95% CI, 0.547–0.718, p < 0.001) were associated with male AD patients. In patients with MVAD, rivastigmine (OR = 3.293, 95% CI, 1.131–9.585, p = 0.029), memantine (OR = 2.816, 95% CI, 1.534–5.168, p < 0.001), and risperidone (OR = 10.515, 95% CI, 3.409–32.437, p < 0.001), were associated with females while patients with an increased length of stay (OR = 0.910, 95% CI, 0.828–1.000, p = 0.049), with a history of tobacco (OR = 0.148, 95% CI, 0.086–0.254, p < 0.001) and ETOH use (OR = 0.229, 95% CI, 0.110–0.477, p < 0.001) were more likely to be associated with males.

Conclusions: Our study revealed gender differences and similarities in the demographic and pharmacological factors of VaD, AD, and MVAD. Prospective studies are needed to determine the role of demographic and pharmacological factors in reducing sex-based disparities among VaD, AD, and MVAD patients.
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1. Introduction

Vascular dementia (VaD), Alzheimer's disease (AD), and Mixed Vascular-Alzheimer's Dementia (MVAD) are neurodegenerative cognitive disorders that have a variety of effects on each individual (Attems and Jellinger, 2014). Vascular dementia is commonly caused by a reduced blood flow to the cerebrum (Song et al., 2014), which may lead to neuronal death, brain atrophy, and neurocognitive decline (Ashraf et al., 2014). The main contributors to VaD include stroke, cardiovascular disease (CVD), hyperlipidemia, and hypertension (Song et al., 2014). The pathology of AD results from the accumulation of misfolded β-amyloid proteins and neurofibrillary tangles of hyperphosphorylated tau proteins (Ashraf et al., 2014). While dementia in the elderly population is a continuum of pathologies (Serrano-Pozo et al., 2013), AD and VaD represent the two extremes, and “mixed” dementia lies in the middle and comprises most cases (Lambert et al., 2018). The coexistence of AD and cerebrovascular disease in a patient is diagnosed as MVAD (Kalaria, 2002). Both MVAD and AD share components of cerebral vascular degeneration and accumulation of proteins (Podcasy and Epperson, 2016). This poses a challenge in the diagnosis and treatment of MVAD to clinicians, and most diagnostic procedures are biased toward AD (Custodio et al., 2017).

AD disproportionately affects more females than males (Coker-Ayo et al., 2022), and this is frequently attributed to the longer average lifespan for females (Carter et al., 2002) while there has been no clear connection to sex differences in VaD patients. While some studies (Andersen et al., 1999) suggest no sex difference, others (Podcasy and Epperson, 2016) reported a higher incidence of VaD in males than females. Patients with MVAD can either present with AD symptoms and have cerebrovascular lesions detected at autopsy or have combined clinical features of both AD and VaD (Magaki et al., 2014). The only definitive way to diagnose MVAD is by performing an autopsy, making it challenging to study gender differences in living patients. Retrospective data allows for the identification of demographic factors that contribute to sex differences in patients with AD, VaD, or MVAD.

Pharmacologic treatment of dementia is complex (Karakaya et al., 2013), with a majority of treatments focused on the management of AD and related symptoms. The Diagnostic and Statistical Manual for Mental Disorders (DSMMD) divides cognitive function into five domains: (1) learning and memory, (2) language, (3) visuospatial, (4) executive, and (5) psychomotor. An impairment in at least two domains is necessary to diagnose dementia (Tarawneh and Holtzman, 2012). Pharmacologic strategies target the impaired domain attenuating symptoms by reducing the breakdown of acetylcholine and increasing the concentration of neurotransmitters in AD patients (Solomon et al., 2011; Perera et al., 2014). Central acetylcholinesterase inhibitors (AChEIs), donepezil, galantamine, and rivastigmine, are considered to manage the cognitive decline in AD patients (Mehta et al., 2012). In addition, second-generation antipsychotics (SGAs), such as aripiprazole, olanzapine, risperidone, and selective serotonin reuptake inhibitors (SSRIs), including citalopram, escitalopram, and paroxetine, have been used to manage behavioral and psychological conditions (Wang et al., 2016; Kim et al., 2018; Ruberto et al., 2020). Additional pharmacotherapies include memantine, trazodone, buspirone, and valproate (Hersch and Falzgraf, 2007; Madhusoodanan and Ting, 2014; Coker-Ayo et al., 2022).

The different pharmacologic strategies for dementia in AD have shown limited or no effect on patients with other types of dementia, including VaD (Perera et al., 2014), and MVAD (Langa et al., 2004). The therapeutic decision to treat AD, VaD, or MVAD patients with AChEIs is based on the likelihood that AD is the underlying etiology of the patient's symptoms (Grossberg et al., 2019). In addition, other medications can be combined with an AChEI to treat additional symptoms, including the ones in AD, VaD, and MVAD patients.

Understanding similarities and differences in the pharmacological treatments for males and females with AD, VaD, and MVAD might reveal new and improved strategies to eliminate gender differences in treating dementia for males and females. Females present with higher cognitive and functional decline rates (Tarawneh and Holtzman, 2012), and constitute more than two-thirds of AD patients in the United States (Hebert et al., 2013). Our study focused on AD, VaD, and MVAD patients, and our hypothesis is that more females than males are affected, as commonly seen in the AD population (Vina, 2010). Further, we hypothesize that males and females with AD, VaD, and MVAD differ regarding treatment with AChEIs, SSRIs, and SGAs. In addition, since the cognitive progression in AD declines at a faster rate in females compared to males (Lin et al., 2015; Laws et al., 2016), we analyzed specific demographic factors contributing to gender differences in patients who received different medications including AChEIs, SSRIs, and SGAs.



2. Methods


2.1. Study population

Data for AD, VaD, and MVAD patients were collected from the Alzheimer's registry of Prisma Health-Upstate between February 2016 and August 2021. This study was approved by the Prisma Health committee for research compliance (approval number: 00052571). Data were extracted for the patient's medications, including selective serotonin receptor inhibitors (SSRI), citalopram, escitalopram, paroxetine, and central acetylcholinesterase inhibitors (ChEI), such as donepezil, galantamine, and rivastigmine. In addition, data for second-generation antipsychotics (SGA), such as aripiprazole, olanzapine, risperidone, memantine, trazodone, buspirone, and valproate, were extracted. Data for tobacco and alcohol use, race, biologicals sex, age, and ethnicity were also collected. Inclusion factors for this study were medication history, and demographics for patients with VaD, AD, and MVAD. Patients with other forms of dementia not defined as vascular or Alzheimer's were excluded. Dosages, frequencies, and therapy length were unavailable for this cohort. Length of stay was determined from the date of admission to the date of discharge to either home, another hospital, or a long-term care facility.



2.2. Statistical analysis

Descriptive statistics, including frequencies of categorical variables, means and standard deviations of continuous variables were determined for VaD, AD, and MVAD patients for the following variables: sex, age, history of tobacco, ETOH, race, length of stay. We also analyzed medications including, central acetylcholinesterase inhibitors (AChEIs), donepezil, galantamine, and rivastigmine; second-generation antipsychotics (SGAs), such as aripiprazole, olanzapine, risperidone, and selective serotonin reuptake inhibitors (SSRIs), including citalopram, escitalopram, and paroxetine. All continuous variables were analyzed and presented as means, and standard deviations, while categorical variables were presented as percentages. Nominal variables were analyzed with a Pearson χ2 test, while continuous variables were determined using the student's t-test. For this analysis, the variables for AChEIs, SGAs, and SSRIs indicate the number of patients taking at least one medication in the medication category. Since some patients were taking more than one medication in a particular class, the AChEIs, SGAs, and SSRIs variables may be equal or less than the sum of the individual medications. In addition, since our study is non- randomized, the logistic regression analysis was used to adjust for the demographic and pharmacologic factors associated with male or female patients with VaD, AD, or MVAD.

This study also examined demographic and pharmacological factors that could be independently associated with male or female patients with VaD, AD, or MVAD. These factors were examined separately for male and female patients with VaD, AD, or MVAD with adjustment for all demographic and pharmacological factors. The adjusted analysis was performed using the backward selection method based on the likelihood ratio. This approach allowed all of the initially selected factors to be added to the model and then methodically eliminated if they did not add to the overall significance of the model. For each regression model, the dependent variable was male or female. In contrast, the independent variables were the demographic, social, and pharmacologic factors stratified by type of dementia (VaD, AD, or MVAD). Variables with an odds ratio (OR) P-value < 0.05 at 95% confidence intervals (95% CI) were included in the regression models to identify demographic and pharmacological factors that are independently associated with male or female VaD, AD, or MVAD patients. Multicollinearity and interactions of variables in the models were checked using the Hosmer-Lemeshow test. The area under the receiver operating curve (AUROC) was determined to test the model's sensitivity, specificity, and accuracy. All statistical analyses were performed using the Statistical Package for Social Sciences v 26.0 for Windows (SPSS, Chicago, IL).




3. Results

A total of 15,741 patients with either VaD, AD, or MVAD were identified in this study. Of this cohort, 6,039 presented with VaD, 9,290 presented with AD while 412 presented with MVAD (Table 1). Patients with VaD were more likely to be younger, male, African American, or Hispanic. Patients with VaD presented with higher rates of using tobacco, ETOH, had a longer length of stay and were more likely to be treated with aripiprazole, escitalopram, and buspirone. AD patients were more likely to be treated with AChEI, particularly donepezil, galantamine and rivastigmine. In addition, they were more likely to be treated with risperidone and memantine when compared with VaD and MVAD patients. MVAD patients were mostly likely to be treated with a SSRI, specifically, citalopram.


TABLE 1 Demographic and pharmacological characteristics in patients with vascular dementia, Alzheimer's disease, and mixed vascular-Alzheimer's dementia.
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Demographic and pharmacologic factors associated with sex in patients stratified by VaD, AD, or MVAD is presented in Table 2. In VaD, 2,806 were male, and 3,503 were female. Female patients with VaD were more likely to be older, African Americans, but less likely to be Hispanics. Female patients with VaD presented with lower rates of tobacco and ETOH use, had shorter lengths of stay. This group also presented with lower usage of AChEIs, specifically donepezil, galantamine, and rivastigmine, as well as SSRIs, particularly escitalopram, and memantine. However, female patients with VaD were more likely to be treated with aripiprazole and buspirone.


TABLE 2 Demographic and pharmacological characteristics of vascular dementia, Alzheimer's disease, and mixed vascular-Alzheimer's dementia stratified by sex.

[image: Table 2]

As shown in Table 2, of patients with AD, 2,949 were male, and 6,341 were female. Female patients with AD were more likely to be older African Americans or Hispanics. Female patients with AD presented with higher rates in the use of tobacco and ETOH use and shorter lengths of stay than males with AD. This group was more likely to be prescribed a SSRI, specifically citalopram and escitalopram, as well as aripiprazole and buspirone. In contrast, female patients with AD were less likely to be treated with galantamine and memantine. Of the 412 patients with MVAD, 125 were male, and 287 were females. Females with MVAD were more likely to be African American or Hispanic. Compared to males, fewer MVAD females were likely to have history of tobacco and ETOH use, and had shorter lengths of stay in the hospital. Females with MVAD were more likely to be treated with risperidone, citalopram, escitalopram, memantine, and rivastigmine but less likely to be prescribed galantamine and aripiprazole when compared to males with MVAD.

In the adjusted analysis, African Americans with increasing age, treated with aripiprazole, citalopram, and escitalopram were associated with females in all patients, independent of dementia pathology (Figure 1). Males were more likely to present with increased length of stay, to be treated with galantamine, memantine, and have a history of tobacco, and ETOH use. The discriminating capability of the model was moderately strong, as shown by the ROC curve, with the area under the curve (AUROC) = 0.713 (95% CI, 0.705–0.722, P < 0.001).


[image: Figure 1]
FIGURE 1
 Demographic and pharmacological factors that were associated with male or female independent of type of dementia (vascular dementia, Alzheimer's disease, and mixed vascular-alzheimer's dementia). Adjusted OR < 1 denote factors that are associated with male while OR > 1 denote factors that are associated with female patients. Hosmer-Lemeshow test (P < 0.001*), Cox & Snell (R2 = 0.125). The overall classified percentage of 68.3% was applied to check for fitness of the logistic regression model. *Indicates statistical significance (P < 0.05) with a 95% confidence interval. ∧Indicates data were visually adjusted to fit on graph by taking 5th square root.


In patients with VaD (Figure 2), African Americans with increasing age, treated with aripiprazole, and buspirone were more likely to be associated with females. In contrast, treatment with galantamine, rivastigmine, memantine, ETOH and tobacco use were associated with male patients with VaD. The predictive power of the logistic regression was moderately strong. The area under the curve (AUROC) is 0.718 (95% CI, 0.706–0.731, P < 0.001).


[image: Figure 2]
FIGURE 2
 Demographic and pharmacological factors that were associated with being female in vascular dementia patients. Adjusted OR < 1 denote factors that are associated with male while OR > 1 denote factors that are associated with female patients. Hosmer-Lemeshow test (P < 0.001*), Cox & Snell (R2 = 0.269). The overall classified percentage of 66.8% was applied to check for fitness of the logistic regression model. *Indicates statistical significance (P < 0.05) with a 95% confidence interval. ∧Indicates data were visually adjusted to fit on graph by taking 5th square root.


In patients with AD (Figure 3), African American or Hispanic females were more likely to be treated with aripiprazole, buspirone, citalopram, and escitalopram. Galantamine, memantine, tobacco, and ETOH use were associated with males in patients with AD. The predictive power of the logistic regression was moderately strong. The area under the curve (AUROC) is 0.710 (95% CI, 0.698–0.722, P < 0.001). In patients with MVAD (Figure 4), females were found to be associated rivastigmine, memantine, risperidone, buspirone, and citalopram treatment. Males with MVAD were more associated with an increased length of stay and tobacco and ETOH use. The predictive power of the logistic regression was strong. The area under the curve (AUROC) is 0.842 (95% CI, 0.800–0.884, P < 0.001).


[image: Figure 3]
FIGURE 3
 Demographic and pharmacological factors that were associated with Alzheimer's disease. Adjusted OR < 1 denote factors that are associated with male while OR > 1 denote factors that are associated with female. Hosmer-Lemeshow test (P < 0.001*), Cox & Snell (R2 = 0.119). The overall classified percentage of 72.5% was applied to check for fitness of the logistic regression model. *Indicates statistical significance (P < 0.05) with a 95% confidence interval. ∧Indicates data were visually adjusted to fit on graph by taking 5th square root.
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FIGURE 4
 Demographic and pharmacological factors that were associated with being with mixed vascular-Alzheimer's dementia. Adjusted OR < 1 denote factors that are associated with male while OR > 1 denote factors that are associated with female patients. Hosmer-Lemeshow test (P = 0.016*), Cox & Snell (R2 = 0.286). The overall classified percentage of 80.8% was applied to check for fitness of the logistic regression model. *Indicates statistical significance (P < 0.05) with a 95% confidence interval. ∧Indicates data were visually adjusted to fit on graph by taking 5th square root.




4. Discussion

With an increase in AD, VaD, and MVAD cases, researchers have taken an interest in the risk factors associated with their epidemiology. Unfortunately, an overlooked factor is often sex differences. In this study, we investigated the effect of demographic and pharmacologic factors on the reported biological sex among VaD, AD, and MVAD patients. Six major findings originated from this study. First, female patients with VaD are associated with increasing age, use of aripiprazole, buspirone, and race. Specifically, African American patients showed a stronger correlation with females. In contrast, treatment with galantamine, rivastigmine, memantine, tobacco, and ETOH use were associated with male patients with VaD. Second, treatment with aripiprazole, buspirone, and being African American, which were associated with female VaD patients, were sustained in female AD patients. Third, Female AD patients were more likely to have a Hispanic background and be prescribed citalopram or escitalopram. In both male VaD patients, galantamine, memantine, tobacco, and ETOH use displayed a strong association. Fourth, buspirone was associated with female AD patients, and the effect was sustained in female MVAD patients. Treatments with rivastigmine and memantine were associated with male VaD patients, and the effect was sustained in female MVAD patients. Firth, the effect of citalopram was significant for female VaD patients and was also found in female MVAD patients. In contrast, risperidone, which was not significant for female AD or VaD patients, was associated with female MVAD patients. Finally, both ETOH and tobacco use were significant factors in male patients with AD, VaD, and MVAD. Additionally, the length of hospital stay, which was not significant for male or female AD and VaD patients, was significant in male MVAD patients. Findings from this study indicate similarities and differences in the pharmacological treatments and demographic factors for males and females with AD, VaD, and MVAD.

There has been recent recognition that dementia in the elderly is a continuum of pathologies, with pure AD and VaD representing the two extremes and “mixed” dementia in between and possibly comprising the majority of cases (DeTure and Dickson, 2019). “Mixed” dementia is rarely diagnosed in the clinic, however, most diagnostic procedures are biased toward diagnosing AD (DeTure and Dickson, 2019). Therefore, identifying the overlap as well as some of the differences in both demographic and pharmacologic treatments in male and female patients is significant.

We observed that males with AD and VaD were treated with galantamine, while females with MVAD only received rivastigmine indicating differences in the use of ChEIs to treat males and females with AD, VaD, and MVAD. Pharmacologic treatments for AD with galantamine, and rivastigmine include targeting the primary symptoms of cognitive impairments and this is observed in both VaD and MVAD patients (Birks and Harvey, 2018; Bailey-Taylor et al., 2022). In general, ChEIs decrease acetylcholine breakdown in the brain and are used in the treatment of AD, ChEIs also offer a feasible therapeutic target to stabilize cognitive functions (Stanciu et al., 2019). Rivastigmine is a brain-selective inhibitor of acetylcholinesterase (AChE), and its metabolism is independent of cytochrome P450 (Li et al., 2019). Galantamine is a cholinergic drug that counteracts AD by reversibly inhibiting AChE and reducing central cholinergic neurotransmission (Li et al., 2019).

While galantamine and rivastigmine are reported to slow the decline in cognition and improve cognition (Li et al., 2019; Agbomi et al., 2022), rivastigmine may be slightly more efficacious than galantamine (Siddique et al., 2022) among female AD, VaD, and MVAD patients. The pharmacokinetics and pharmacodynamics of drugs vary in females and males (Soldin and Mattison, 2009). Sex-specific factors including diet, concurrent medications, and hormonal transitions are major determinants in pharmacokinetics and the pharmacodynamics of drugs in male and female patients (Beierle et al., 1999; Zucker and Prendergast, 2020). Moreover, neurotransmitter levels reduce with age at different rates in older females than in males (Barth et al., 2015). Our finding of differences in the use of ChEIs as a treatment option for males and females with AD, VaD, and MVAD suggests the need for the development of sex-specific treatment regimens to optimize outcomes in using ChEIs for male and female AD, VAD, and MVAD patients.

Risperidone was not found to be significant for female AD or VaD patients, but significant in female MVAD patients. Female patients with AD, VaD, and MVAD showed a correlation with aripiprazole and buspirone. Medications such as, aripiprazole and risperidone, are widely used as a first-line pharmacological approach to treat dementia-related psychiatric symptoms. Buspirone is a serotonin-norepinephrine reuptake inhibitor (SNRIs) and is commonly used because of its tolerability and safety profile (Crocco et al., 2017; Coker-Ayo et al., 2022). Our finding that females with AD, VaD, and MVAD were more likely to be treated with aripiprazole, buspirone or risperidone reveals a robust approach of using an SGA and SSR in treating female AD, VaD, and MVAD patients.

A major finding in this study is that female VaD and MVAD patients were treated with citalopram and escitalopram. Escitalopram is a specific selective serotonin reuptake inhibitor (SSRI) and it is a therapeutically active S-enantiomer of citalopram (Waugh and Goa, 2003). Both medications are SSRIs that inhibit the serotonin transporters (SERT), to maintain low levels of the peptide and reduce or eliminate toxic Aβ species from the brain. Accumulation of amyloid-β (Aβ) as toxic oligomers and amyloid plaques within the brain represents the pathogenic events in AD (Murphy and LeVine, 2010). One therapeutic approach is to reduce Aβ levels to limit its accumulation (Schenk et al., 2012). The administration of selective serotonin reuptake inhibitors (SSRIs) reduces brain Aβ levels in transgenic mice (Cirrito et al., 2020). Acute treatment with citalopram reduced Aβ levels by more than 20%, while chronic administration of citalopram reduced brain Aβ40 and Aβ42 levels by more than 25% (Cirrito et al., 2011). Therefore, serotonin signaling acutely reduced brain Aβ levels and chronically reduced Aβ plaques in a mouse model of AD. Therefore, serotonin-mediated activation of extracellular regulated kinase (ERK) was necessary for the regulation (Cirrito et al., 2011). The dose of each citalopram administered in mice was within the range used to treat human patients (Reagan-Shaw et al., 2008). Human PET imaging of amyloid plaques indicated that serotonin signaling was associated with less Aβ accumulation in cognitively normal individuals (Cirrito et al., 2011). Animal studies found that males and females differ in their response to citalopram exposure (Kellner and Olsén, 2020). Women are reported to have a better response to the SSRI citalopram than men, which may be due to sex-specific biological differences particularly in serotonergic systems (Young et al., 2009). The sex differences in response to citalopram, acts predominantly on serotonergic systems, and may be related to differences in the biology of men and women, particularly with respect to the role of estrogen on serotonergic systems (Young et al., 2009; Gougoulaki et al., 2021). While we cannot use the results of the current study to address mechanisms by which men and women differ in responsiveness to citalopram, we can only speculate possible differences that may account for this differential response. For example, the differences was observed despite a higher baseline severity of depression in women and no sex differences in side effect or intensity was observed. Sex differences in response to citalopram was not attributed to differences in dose of citalopram. Moreover, differences in treatment regimen were not clinically and significantly different as well. Therefore, the greater response to SSRIs in women may be due to sex-specific biological differences (Gougoulaki et al., 2021). A study comparing escitalopram with citalopram in patients with dementia-related agitation found that both medications significantly reduced agitation (Pollock et al., 2007). A small, randomized study investigating escitalopram and citalopram also found that both interventions reduced agitation in different clinical conditions (Barak et al., 2011). This finding supports our current result of treatment of female VaD and MVAD with citalopram and escitalopram.

Moreover, dementia often exhibits more than one underlying pathology, known as MVAD, and there is no cure for the underlying illness of VaD and MVAD (DeTure and Dickson, 2019). SSRIs medications such as citalopram and escitalopram can attenuate symptoms by inhibiting neuronal nicotinic acetylcholine receptors (nAChR) subtypes by ion channel blockade and induction of receptor desensitization (Arias et al., 2021). Therefore, SSRI-induced inhibition of different nAChRs expressed the different neurotransmitter systems of the brain broadens the complexity by which citalopram and escitalopram may act clinically with an improved tolerability and safety profile for female VaD and MVAD patients (Yevtushenko et al., 2007).

We observed that memantine was associated with male AD, VaD, and MVAD patients. Memantine is a low-affinity non-competitive NMDA receptor antagonist and an approved medication for the treatment of cognitive symptoms of AD (Kikuchi, 2020). Therefore, our finding supports existing studies (Scarpini et al., 2003; Parsons et al., 2013) that memantine can be used for the treatment of cognitive functions in dementia patients. Memantine is reported to block the effect of N-methyl-D-aspartate (NMDA) receptor on neurons, and inhibit microglia activation to reduce pro-inflammatory factor production, such as extracellular superoxide anion, intracellular reactive oxygen species, nitric oxide, prostaglandin E2, and tumor necrosis factor-α (Johnson and Kotermanski, 2006; Wu et al., 2009; Parsons et al., 2013). The neuroprotective effect of memantine is thought to reduce β-amyloid peptide-induced neurodegeneration, as well as prevents the progression of neuronal loss (Wenk et al., 2006; Alley et al., 2010; Tanqueiro et al., 2018). Therefore, memantine may directly or indirectly affect the clearance or accumulation of Aβ species in the brain. Although the mechanism involves is not fully understood, it is possible that memantine prevents or breaks the aggregation of Aβ monomer into oligomeric forms and, subsequently, into Aβ plaques. This possibility is supported by the observation that memantine treatment in severe mice model of AD led to significantly increased soluble Aβ1 − 42 levels but significantly reduced the levels of insoluble Aβ and hippocampal amyloid deposition (Martinez-Coria et al., 2010). Interestingly, the levels of Aβ oligomer, was reduced in memantine-treated mice in the severe pathology group of AD animal models (Martinez-Coria et al., 2010; Figueiredo et al., 2013). Moreover, the levels of fibrillar oligomers were reduced in memantine-treated females, and there was no difference in cognitive performance between the two sexes (Martinez-Coria et al., 2010; Figueiredo et al., 2013). This effect was attributed to the relatively higher plasma memantine levels in females than in males (Figueiredo et al., 2013). While our current data cannot explain why females with AD, VaD, and MVAD were not treated with memantine, memantine can be used alone or in addition to ChEIs in patients with AD (Scarpini et al., 2003). While ChEIs block enzymes that metabolize acetylcholine and increase its levels (Ferreira-Vieira et al., 2016), memantine may prevent glutamate-induced neuronal damage by non-competitive antagonism of the NMDA receptor (Kutzing et al., 2012). This specific combination delays the progression of dementia by suppressing the activation of NMDA receptors (Parsons et al., 2013); however, they do present with side effects such as nausea, dizziness, asthenia, and anorexia that are associated with cholinergic overstimulation (Imbimbo, 2001). Therefore, the adverse events of memantine alone or with ChEIs may outweigh the benefits (Bailey-Taylor et al., 2022) in female AD, VaD, and MVAD patients.

Our results also showed that African American males with a history of ETOH and tobacco use and an increased length of stay were associated with AD, VaD, and MVAD. In contrast, Hispanic females were associated with VaD. This finding is supported by other studies that minority males and females with ETOH use, increasing length of stay for treatment, and increasing age present with higher rates of dementia (Langa et al., 2017). The higher rates of dementia among minorities are reported to be associated with an increased length of stay for care (Hill et al., 2015). While health disparities may be reduced by increasing and disease management among minorities (Chen and Zissimopoulos, 2018), there are other factors including socioeconomic and cultural factors. Health disparities often are mostly viewed through the lens of access to health care. However, the lack of diversity in clinical therapeutic development implies that to reduce disparities, it is also important to improve therapeutic targets for the large proportions in the minority population who are more affected by AD and VaD and MVAD. Prospective studies on factors that are associated with AD and VaD and MVAD among minorities should also focus on different treatment options for minorities by recruiting a diverse pool of participants into clinical trials of existing or new therapeutics.



5. Conclusion

Pharmacologic targets for males and females with AD, VaD, and MVAD show similarities and differences regarding treatment with specific AChEIs, SSRIs, and SGAs. Since males and females with AD, VaD, and MVAD present with differences in cognitive progression, effective therapeutic management of dementia patients should consider improved strategies in pharmacologic treatments to eliminate identified sex differences in the treatment of dementia for males and females.



6. Limitations

This retrospective data analysis was from a single institution, so the data cannot be generalized to other institutions and populations. Additionally, electronic medical records (EMR) were used for the data analysis, limiting the patient information that we could analyze. For example, there was no access to Mini-Mental State Examination (MMSE) data, medication therapy length, dosages, behavioral and psychological diagnoses, or a condition history to explain the length of hospital stay, whether it be dementia-related or related to another comorbidity. Along with these limitations, electronic medical records (EMRs) allow for the possibility of human error to limit the efficacy of the results. In addition to these limitations, this study uses terms to describe sex interchangeably, as the EMR data does not distinguish between them. Therefore, our findings may be due to biological differences between sexes, the social and cultural influence that gender has on an individual, or, more likely, a combination of the two. Further investigation into the distinction of results between sex and gender may further elucidate the cause of the findings and better inform changes for best clinical practices.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

This is a retrospective 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's data registry. This study did not require informed consent for participation in accordance with the national legislation and institutional requirements.



Author contributions

MS, NP, AM, SI-N, AI-N, RG, and TN designed the concept, experiment, and data collection. NP did the data analysis. RG, TN, and AI-N critically revised the drafts, interpreted the results, and read and approved the final version of the manuscript. All authors have read and approved the manuscript.



Funding

Funding was provided by NIH R25 grant (No. 5R25AG067934).



Acknowledgments

We thank the Geriatric Unit of PRISMA Health Upstate for helping in the data collection.



Conflict of interest

AI-N declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

AD, Alzheimer's disease; Aβ, Amyloid beta; AChE, Acetylcholinesterase inhibitors; IRB, Institutional Review Board; APOE, Apolipoprotein E; CDR, clinical dementia rating; ChEI, Cholinesterase inhibitor; ERK, extracellular regulated kinase; EOAD, Early-onset Alzheimer's disease; LOAD, Late-onset Alzheimer's disease; nAChR, neuronal nicotinic acetylcholine receptors; 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 Characteristics; ROC, receiver operating characteristic curve; OR, Odd ratio; SGA, second generation antipsychotics; VIF, Variance Inflation factor.



References

 Agbomi, L. L., Onuoha, C. P., Nathaniel, S. I., Coker-Ayo, O. O., Bailey-Taylor, M. J., Roley, L. T., et al. (2022). Gender differences in Parkinson's disease with dementia and dementia with Lewy bodies. Aging Health Res. 2, 100096. doi: 10.1016/j.ahr.2022.100096


 Alley, G. M., Bailey, J. A., Chen, D., Ray, B., Puli, L. K., Tanila, H., et al. (2010). Memantine lowers amyloid-beta peptide levels in neuronal cultures and in APP/PS1 transgenic mice. J. Neurosci. Res. 88, 143–154. doi: 10.1002/jnr.22172

 Andersen, K., Launer, L. J., Dewey, M. E., Letenneur, L., Ott, A., Copeland, J. R., et al. (1999). Gender differences in the incidence of AD and vascular dementia: The EURODEM Studies. EURODEM Incidence Research Group. Neurology 53, 1992–1997. doi: 10.1212/WNL.53.9.1992

 Arias, H. R., Targowska-Duda, K. M., García-Colunga, J., and Ortells, M. O. (2021). Is the antidepressant activity of selective serotonin reuptake inhibitors mediated by nicotinic acetylcholine receptors? Molecules 26, 2149. doi: 10.3390/molecules26082149

 Ashraf, G. M., Greig, N. H., Khan, T. A., Hassan, I., Tabrez, S., Shakil, S., et al. (2014). Protein misfolding and aggregation in Alzheimer's disease and type 2 diabetes mellitus. CNS Neurol. Disord. Drug Targets. 13, 1280–1293. doi: 10.2174/1871527313666140917095514

 Attems, J., and Jellinger, K. A. (2014). The overlap between vascular disease and Alzheimer's disease - lessons from pathology. BMC Med. 12, 206. doi: 10.1186/s12916-014-0206-2

 Bailey-Taylor, M. J., Poupore, N., Theriot Roley, L., Goodwin, R. L., McPhail, B., Nathaniel, T. I., et al. (2022). Gender differences in demographic and pharmacological factors in patients diagnosed with late-onset of Alzheimer's disease. Brain Sci. 12, 1–15. doi: 10.3390/brainsci12020160

 Barak, Y., Plopski, I., Tadger, S., and Paleacu, D. (2011). Escitalopram versus risperidone for the treatment of behavioral and psychotic symptoms associated with Alzheimer's disease: a randomized double-blind pilot study. Int. Psychogeriatr. 23, 1515–1519. doi: 10.1017/S1041610211000743

 Barth, C., Villringer, A., and Sacher, J. (2015). Sex hormones affect neurotransmitters and shape the adult female brain during hormonal transition periods. Front. Neurosci. 9, 37. doi: 10.3389/fnins.2015.00037

 Beierle, I., Meibohm, B., and Derendorf, H. (1999). Gender differences in pharmacokinetics and pharmacodynamics. Int. J. Clin. Pharmacol. Ther. 37, 529–547.


 Birks, J. S., and Harvey, R. J. (2018). Donepezil for dementia due to Alzheimer's disease. Cochr. Database Syst. Rev. 6, CD001190. doi: 10.1002/14651858.CD001190.pub3

 Carter, C. L., Resnick, E. M., Mallampalli, M., and Kalbarczyk, A. (2002). Sex and gender differences in Alzheimer's disease: recommendations for future research. J. Womens Health 21, 1018–1023. doi: 10.1089/jwh.2012.3789

 Chen, C., and Zissimopoulos, J. M. (2018). Racial and ethnic differences in trends in dementia prevalence and risk factors in the United States. Alzheimers Dement. 4, 510–520. doi: 10.1016/j.trci.2018.08.009

 Cirrito, J. R., Disabato, B. M., Restivo, J. L., Verges, D. K., Goebel, W. D., Sathyan, A., et al. (2011). Serotonin signaling is associated with lower amyloid-β levels and plaques in transgenic mice and humans. Proc. Natl. Acad. Sci. U. S. A. 108, 14968–14973. doi: 10.1073/pnas.1107411108

 Cirrito, J. R., Wallace, C. E., Yan, P., Davis, T. A., Gardiner, W. D., Doherty, B. M., et al. (2020). Effect of escitalopram on Aβ levels and plaque load in an Alzheimer mouse model. Neurology 95, e2666–e74. doi: 10.1212/WNL.0000000000010733

 Coker-Ayo, O. O., Nathaniel, S. I., Poupore, N., Bailey-Taylor, M. J., Roley, L. T., Goodwin, R. L., et al. (2022). Sex differences in demographic and pharmacological factors in Alzheimer patients with dementia and cognitive impairments. Front. Behav. Neurosci. 16, 828782. doi: 10.3389/fnbeh.2022.828782

 Crocco, E. A., Jaramillo, S., Cruz-Ortiz, C., and Camfield, K. (2017). Pharmacological management of anxiety disorders in the elderly. Curr. Treat. Opt. Psychiatry 4, 33–46. doi: 10.1007/s40501-017-0102-4

 Custodio, N., Montesinos, R., Lira, D., Herrera-Pérez, E., Bardales, Y., Valeriano-Lorenzo, L., et al. (2017). Mixed dementia: a review of the evidence. Dement Neuropsychol. 11, 364–370. doi: 10.1590/1980-57642016dn11-040005

 DeTure, M. A., and Dickson, D. W. (2019). The neuropathological diagnosis of Alzheimer's disease. Mol. Neurodegener. 14, 32. doi: 10.1186/s13024-019-0333-5

 Ferreira-Vieira, T. H., Guimaraes, I. M., Silva, F. R., and Ribeiro, F. M. (2016). Alzheimer's disease: targeting the cholinergic system. Curr. Neuropharmacol. 14, 101–115. doi: 10.2174/1570159X13666150716165726

 Figueiredo, C. P., Clarke, J. R., Ledo, J. H., Ribeiro, F. C., Costa, C. V., Melo, H. M., et al. (2013). Memantine rescues transient cognitive impairment caused by high-molecular-weight Aβ oligomers but not the persistent impairment induced by low-molecular-weight oligomers. J. Neurosci. 33, 9626–9634. doi: 10.1523/JNEUROSCI.0482-13.2013

 Gougoulaki, M., Lewis, G., Nutt, D. J., Peters, T. J., Wiles, N. J., Lewis, G., et al. (2021). Sex differences in depressive symptoms and tolerability after treatment with selective serotonin reuptake inhibitor antidepressants: Secondary analyses of the GENPOD trial. J. Psychopharmacol. 35, 919–927. doi: 10.1177/0269881120986417

 Grossberg, G. T., Tong, G., Burke, A. D., and Tariot, P. N. (2019). Present algorithms and future treatments for Alzheimer's disease. J Alzheimers Dis. 67, 1157–1171. doi: 10.3233/JAD-180903

 Hebert, L. E., Weuve, J., Scherr, P. A., and Evans, D. A. (2013). Alzheimer disease in the United States (2010–2050) estimated using the 2010 census. Neurology 80, 1778–1783. doi: 10.1212/WNL.0b013e31828726f5

 Hersch, E. C., and Falzgraf, S. (2007). Management of the behavioral and psychological symptoms of dementia. Clin. Interv. Aging 2, 611–621. doi: 10.2147/CIA.S1698

 Hill, C. V., Pérez-Stable, E. J., Anderson, N. A., and Bernard, M. A. (2015). The National Institute on aging health disparities research framework. Ethn. Dis. 25, 245–254. doi: 10.18865/ed.25.3.245

 Imbimbo, B. P. (2001). Pharmacodynamic-tolerability relationships of cholinesterase inhibitors for Alzheimer's disease. CNS Drugs 15, 375–390. doi: 10.2165/00023210-200115050-00004

 Johnson, J. W., and Kotermanski, S. E. (2006). Mechanism of action of memantine. Curr. Opin. Pharmacol. 6, 61–67. doi: 10.1016/j.coph.2005.09.007

 Kalaria, R. (2002). Similarities between Alzheimer's disease and vascular dementia. J. Neurol. Sci. 203–204, 29–34. doi: 10.1016/S0022-510X(02)00256-3

 Karakaya, T., Fußer, F., and Schroder, J. (2013). Pharmacological treatment of mild cognitive impairment as a prodromal syndrome of Alzheimer's disease. Curr. Neuropharmacol. 11, 102–108. doi: 10.2174/157015913804999487

 Kellner, M., and Olsén, K. H. (2020). Divergent response to the SSRI citalopram in male and female three-spine sticklebacks (Gasterosteus aculeatus). Arch. Environ. Contam. Toxicol. 79, 478–487. doi: 10.1007/s00244-020-00776-1

 Kikuchi, T. (2020). Is memantine effective as an NMDA receptor antagonist in adjunctive therapy for schizophrenia? Biomolecules 10, 1134. doi: 10.3390/biom10081134

 Kim, D., Ryba, N. L., Kalabalik, J., and Westrich, L. (2018). Critical review of the use of second-generation antipsychotics in obsessive–compulsive and related disorders. Drugs Res Dev. 18, 167–189. doi: 10.1007/s40268-018-0246-8

 Kutzing, M. K., Luo, V., and Firestein, B. L. (2012). Protection from glutamate-induced excitotoxicity by memantine. Ann. Biomed. Eng. 40, 1170–1181. doi: 10.1007/s10439-011-0494-z

 Lambert, C., Zeestraten, E., Williams, O., Benjamin, P., Lawrence, A. J., Morris, R. G., et al. (2018). Identifying preclinical vascular dementia in symptomatic small vessel disease using MRI. Neuroimage Clin. 925–938. doi: 10.1016/j.nicl.2018.06.023

 Langa, K. M., Foster, N. L., and Larson, E. B. (2004). Mixed dementia: emerging concepts and therapeutic implications. JAMA 292, 2901–2908. doi: 10.1001/jama.292.23.2901

 Langa, K. M., Larson, E. B., Crimmins, E. M., Faul, J. D., Levine, D. A., Kabeto, M. U., et al. (2017). A comparison of the prevalence of dementia in the United States in 2000 and 2012. JAMA Intern. Med. 177, 51–58. doi: 10.1001/jamainternmed.2016.6807

 Laws, K. R., Irvine, K., and Gale, T. M. (2016). Gale TMJWjop. Sex differences in cognitive impairment in Alzheimer's disease. World J. Psychiatry 6, 54. doi: 10.5498/wjp.v6.i1.54

 Li, D. D., Zhang, Y. H., Zhang, W., and Zhao, P. (2019). Meta-analysis of randomized controlled trials on the efficacy and safety of donepezil, galantamine, rivastigmine, and memantine for the treatment of Alzheimer's disease. Front. Neurosci. 13, 472. doi: 10.3389/fnins.2019.00472

 Lin, K. A., Choudhury, K. R., Rathakrishnan, B. G., Marks, D. M., Petrella, J. R., Doraiswamy, P. M., et al. (2015). Marked gender differences in progression of mild cognitive impairment over 8 years. Alzheimers Dement. 1, 103–110. doi: 10.1016/j.trci.2015.07.001

 Madhusoodanan, S., and Ting, M. B. (2014). Pharmacological management of behavioral symptoms associated with dementia. World J. Psychiatry 4, 72–79. doi: 10.5498/wjp.v4.i4.72

 Magaki, S., Yong, W. H., Khanlou, N., Tung, S., and Vinters, H. V. (2014). Comorbidity in dementia: update of an ongoing autopsy study. J. Am. Geriatr. Soc. 62, 1722–1728. doi: 10.1111/jgs.12977

 Martinez-Coria, H., Green, K. N., Billings, L. M., Kitazawa, M., Albrecht, M., Rammes, G., et al. (2010). Memantine improves cognition and reduces Alzheimer's-like neuropathology in transgenic mice. Am. J. Pathol. 176, 870–880. doi: 10.2353/ajpath.2010.090452

 Mehta, M., Adem, A., and Sabbagh, M. (2012). New acetylcholinesterase inhibitors for Alzheimer's disease. Int. j. Alzheimers Dis. 2012, 728983. doi: 10.1155/2012/728983

 Murphy, M. P., and LeVine, H. III. (2010). Alzheimer's disease and the amyloid-beta peptide. J. Alzheimers Dis. 19, 311–323. doi: 10.3233/JAD-2010-1221

 Parsons, C. G., Danysz, W., Dekundy, A., and Pulte, I. (2013). Memantine and cholinesterase inhibitors: complementary mechanisms in the treatment of Alzheimer's disease. Neurotox. Res. 24, 358–369. doi: 10.1007/s12640-013-9398-z

 Perera, G., Khondoker, M., Broadbent, M., and Breen, G. (2014). Factors associated with response to acetylcholinesterase inhibition in dementia: a cohort study from a secondary mental health care case register in London. PLoS ONE 9, e109484. doi: 10.1371/journal.pone.0109484

 Podcasy, J. L., and Epperson, C. N. (2016). Considering sex and gender in Alzheimer disease and other dementias. Dialog. Clin. Neurosci. 18, 437–446. doi: 10.31887/DCNS.2016.18.4/cepperson

 Pollock, B. G., Mulsant, B. H., Rosen, J., Mazumdar, S., Blakesley, R. E., Houck, P. R., et al. (2007). A double-blind comparison of citalopram and risperidone for the treatment of behavioral and psychotic symptoms associated with dementia. Am. J. Geriatr. Psychiatry. 15, 942–952. doi: 10.1097/JGP.0b013e3180cc1ff5

 Reagan-Shaw, S., Nihal, M., and Ahmad, N. (2008). Dose translation from animal to human studies revisited. FASEBJ 22, 659–561. doi: 10.1096/fj.07-9574LSF

 Ruberto, V. L., Jha, M. K., and Murrough, J. W. (2020). Pharmacological treatments for patients with treatment-resistant depression. Pharmaceuticals 13, 116. doi: 10.3390/ph13060116

 Scarpini, E., Scheltens, P., and Feldman, H. (2003). Treatment of Alzheimer's disease: current status and new perspectives. Lancet Neurol. 2, 539–547. doi: 10.1016/S1474-4422(03)00502-7

 Schenk, D., Basi, G. S., and Pangalos, M. N. (2012). Treatment strategies targeting amyloid β-protein. Cold Spring Harb. Perspect. Med. 2, a006387. doi: 10.1101/cshperspect.a006387

 Serrano-Pozo, A., Qian, J., Monsell, S. E., Frosch, M. P., Betensky, R. A., Hyman, B. T., et al. (2013). Examination of the clinicopathologic continuum of Alzheimer disease in the autopsy cohort of the National Alzheimer Coordinating Center. J. Neuropathol. Exp. Neurol. 72, 1182–1192. doi: 10.1097/NEN.0000000000000016

 Siddique, Y. H., Naz, F., and Rahul, Varshney, H. (2022). Comparative study of rivastigmine and galantamine on the transgenic Drosophila model of Alzheimer's disease. Curr. Res. Pharmacol. Drug Discov. 3, 100120. doi: 10.1016/j.crphar.2022.100120

 Soldin, O. P., and Mattison, D. R. (2009). Sex differences in pharmacokinetics and pharmacodynamics. Clin. Pharmacokinet. 48, 143–157. doi: 10.2165/00003088-200948030-00001

 Solomon, A., Dobranici, L., Kåreholt, I., and Tudose, C. (2011). Comorbidity and the rate of cognitive decline in patients with Alzheimer dementia. Int. J. Geriatr. Psychiatry 26, 1244–1251. doi: 10.1002/gps.2670

 Song, J., Lee, W. T., Park, K. A., and Lee, J. E. (2014). Association between risk factors for vascular dementia and adiponectin. Biomed Res. Int. 2014, 261672. doi: 10.1155/2014/261672

 Stanciu, G. D., Luca, A., Rusu, R. N., Bild, V., Beschea Chiriac, S. I., Solcan, C., et al. (2019). Alzheimer's disease pharmacotherapy in relation to cholinergic system involvement. Biomolecules. 10, 1–21. doi: 10.3390/biom10010040

 Tanqueiro, S. R., Ramalho, R. M., Rodrigues, T. M., Lopes, L. V., Sebastião, A. M., Diógenes, M. J., et al. (2018). Inhibition of NMDA receptors prevents the loss of BDNF function induced by amyloid β. Front. Pharmacol. 9, 237. doi: 10.3389/fphar.2018.00237

 Tarawneh, R., and Holtzman, D. M. (2012). The clinical problem of symptomatic Alzheimer disease and mild cognitive impairment. Cold Spring Harb. Perspect. Med. 2, a006148. doi: 10.1101/cshperspect.a006148

 Vina J, and Lloret, A.. (2010). Why women have more Alzheimer's disease than men: gender and mitochondrial toxicity of amyloid-β peptide. J. Alzheimers Dis. 20, S527–S33. doi: 10.3233/JAD-2010-100501

 Wang, S. M., Han, C., Lee, S. J., Jun, T. Y., Patkar, A. A., Masand, P. S., et al. (2016). Second generation antipsychotics in the treatment of major depressive disorder: an update. Chonnam Med. J. 52, 159–172. doi: 10.4068/cmj.2016.52.3.159

 Waugh, W. J., and Goa, K. L. (2003). Escitalopram: a review of its use in the management of major depressive and anxiety disorders. CNS Drugs 17, 343–362. doi: 10.2165/00023210-200317050-00004

 Wenk, G. L., Parsons, C. G., and Danysz, W. (2006). Potential role of N-methyl-D-aspartate receptors as executors of neurodegeneration resulting from diverse insults: focus on memantine. Behav. Pharmacol. 17, 411–424. doi: 10.1097/00008877-200609000-00007

 Wu, H. M., Tzeng, N. S., Qian, L., Wei, S. J., Hu, X., Chen, S. H., et al. (2009). Novel neuroprotective mechanisms of memantine: increase in neurotrophic factor release from astroglia and anti-inflammation by preventing microglial activation. Neuropsychopharmacology 34, 2344–2357. doi: 10.1038/npp.2009.64

 Yevtushenko, V. Y., Belous, A. I., Yevtushenko, Y. G., Gusinin, S. E., Buzik, O. J., Agibalova, T. V., et al. (2007). Efficacy and tolerability of escitalopram versus citalopram in major depressive disorder: a 6-week, multicenter, prospective, randomized, double-blind, active-controlled study in adult outpatients. Clin. Ther. 29, 2319–2332. doi: 10.1016/j.clinthera.2007.11.014

 Young, E. A., Kornstein, S. G., Marcus, S. M., Harvey, A. T., Warden, D., Wisniewski, S. R., et al. (2009). Sex differences in response to citalopram: a STAR*D report. J. Psychiatr. Res. 43, 503–511. doi: 10.1016/j.jpsychires.2008.07.002

 Zucker, I., and Prendergast, B. J. (2020). Sex differences in pharmacokinetics predict adverse drug reactions in women. Biol. Sex Differ. 11, 32. doi: 10.1186/s13293-020-00308-5



OPS/images/frdem-02-1137856-t001.jpg
Alzheimer’s disease
Number of patients 6,039 9,290 412

Age group: no. (%)

<50 32(0.5) 0(0.0) 0(0.0) <0.001%
50-59 166 (2.6) 0(0.0) 0(0.0)

60-69 724 (11.5) 136 (1.5) 22(53)

70-79 1,707 (27.1) 1,638 (17.6) 91 (22.1)

>80 3,680 (58.3) 7,516 (80.9) 299 (72.6)

Mean £ SD 80.47 £ 10.38 86.28 + 7.41 83.70 +£7.54 <0.001*
Gender: no (%)

Male 2,806 (44.5) 2,949 (31.7) 125 (30.3) <0.001%
Female 3,503 (55.5) 6,341 (68.3) 287 (69.7)

Race: no (%)

White 4,916 (77.9) 7,808 (84.0) 337 (81.8) <0.001%
Black 1,187 (18.8) 1,036 (11.2) 71(17.2)

Other 206 (3.3) 446 (4.8) 4(1.0)

Hispanic ethnicity: no. (%) 71(1.1) 179 (1.9) 3(0.7) <0.001%
Tobacco 3,284 (52.4) 3,898 (42.9) 203 (49.3) <0.001%
ETOH 1,195 (19.1) 1,206 (13.2) 72 (17.5) <0.001%
Length of Stay, day 2524996 1.94 4 4.80 1.69 + 2.67 <0.001%
Medications

Central acetylcholinesterase 2,882 (45.7) 5,885 (63.3) 206 (50.0) <0001
inhibitor

Donepezil 2,552 (40.5) 5,113 (55.0) 188 (45.6) <0.001%
Galantamine 45(0.7) 139 (1.5) 2(05) <0.001%
Rivastigmine 431 (6.8) 1,124 (12.1) 33(8.0) <0.001*
Second generation 986 (15.6) 1,487 (16.0) 71(17.2) 0.615
antipsychotic

Aripiprazole 176 (2.8) 209 (2.2) 5(1.2) 0.026%
Olanzapine 292 (4.6) 398 (4.3) 23 (5.6) 0.315
Risperidone 599 (9.5) 999 (10.8) 43 (10.4) 0.039*
Selective serotonin receptor 2,447 (38.8) 3,066 (33.0) 171 (41.5) <0.001%
inhibitor

Citalopram 732 (11.6) 1,105 (11.9) 65 (15.8) 0.040%
Escitalopram 1,783 (28.3) 2,018 (21.7) 115 (27.9) <0.001%
Paroxetine 0(0.0) 0(0.0) 0(0.0)

Memantine 2,404 (38.1) 4,168 (44.9) 159 (38.6) <0.001%
Trazadone 0(0.0) 0(0.0) 0(0.0)

Buspirone 560 (8.9) 671(7.2) 15 (3.6) <0.001%
Valproate 0(0.0) 0(0.0) 0(0.0)

Results for continuous variables are presented as Mean 2 SD, while discrete data are presented as percentage frequency. Pearson’s chi-square is used to compare differences in demographic and
pharmacologic characteristics in patients with vascular dementia, Alzheimer's disease, and mixed vascular-Alzheimer's dementia.

#Pearson’s Chi-Squared test.

bStudent’s T-test.

*P-value < 0.05.






OPS/images/frdem-02-1137856-t002.jpg
Vascular dementia Alzheimer's disease Mixed vascular and
Alzheimer’s disease

Characteristic Male Female Male Female Male Female

Number of 2,806 3,503 2,949 6,341 P-value 125 287
patients

Age group: no. (%)

<50 20(0.7) 12(0.3) <0.001% 0(0.0) 0(0.0) 0.007*° 0(0.0) 0(0.0) <0.001%
50-59 90 (3.2) 76 (2.2) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

60-69 385 (13.7) 339(9.7) 32(1.1) 104 (1.6) 2(16) 20(7.0)

70-79 857 (30.5) 850 (24.3) 562 (19.1) 1,076 (17.0) 41(328) 50 (17.4)

>80 1,454 (51.8) 2,226 (63.5) 2,355 (79.9) 5,161 (81.4) 82(65.6) 217 (75.6)

Mean % SD 7876+ 1045 | 8165£10.12 | <0001 | 85594715 | 8660£751 | <0001 | 84.15+650 | 8351%7.95 0426

Race: no (%)

White 2,235 (79.7) 2,681 (76.5) 0.007* 2,590 (87.8) 5,218 (82.3) <0.001% 106 (84.8) 231 (80.5) 0.049*
Black 494 (17.6) 693 (19.8) 246 (8.3) 790 (12.5) 16 (12.8) 55(19.2)

Other 77(2.7) 129 (3.7) 113 (3.8) 333(5.3) 3(24) 1(0.3)

Hispanic ethnicity: 45(1.6) 26 (0.7) 0.001*% 31(1.1) 148 (2.3) <0.001% 3(24) 0(0.0) 0.008*
no. (%)

Tobacco 1,913 (68.7) 1,371 (39.4) <0.001% 1,879 (65.5) 2,019 (32.5) <0.001% 88 (70.4) 115 (40.1) <0.001%
ETOH 708 (25.5) 487 (14.0) <0.001% 526 (18.2) 680 (10.9) <0.001% 31(24.8) 41(14.3) 0.010%
Length of stay 293+ 14.06 220 % 4.60 0.009* 2.13+6.88 1.84£3.42 0.030%> 223+3.20 1.46 £2.37 0.016*
Medications

Central 1,399 (49.9) 1,483 (42.3) <0.001** 1,902 (64.5) 3,983 (62.8) 0.117 58 (46.4) 148 (51.6) 0335
acetylcholinesterase

inhibitor

Donepezil 1,216 (43.3) 1,336 (38.1) <0.001% 1,657 (56.2) 3,456 (54.5) 0.128 55 (44.0) 133 (46.3) 0.661
Galantamine 31(1.1) 14(0.4) <0.001% 62 (2.1) 77 (1.2) 0.001* 2(1.6) 0(0.0) 0.032%
Rivastigmine 238 (8.5) 193 (5.5) <0.001% 342 (11.6) 782 (12.3) 0312 5(4.0) 28(9.8) 0.048*
Second generation 436 (15.5) 550 (15.7) 0.860 470 (15.9) 1,017 (16.0) 0.902 13 (10.4) 58(20.2) 0.015%
antipsychotic

Aripiprazole 33(1.2) 143 (4.1) <0.001** 34(12) 175 (2.8) <0.001* 5(4.0) 0(0.0) <0.001**
Olanzapine 143 (5.1) 149 (4.3) 0.113 131 (44) 267 (4.2) 0.608 4(3.2) 19(6.6) 0.164
Risperidone 281 (10.0) 318 (9.1) 0.207 318 (10.8) 681(10.7) 0.950 4(3.2) 39(13.6) 0.002%
Selective serotonin 1,132 (40.3) 1,315 (37.5) 0.023* 806 (27.3) 2,260 (35.6) <0.001% 28 (22.4) 143 (49.8) <0.001*
receptor inhibitor

Citalopram 319 (11.4) 413(11.8) 0.603 286 (9.7) 819 (12.9) <0.001% 2(1.6) 63(22.0) <0.001**
Escitalopram 834 (29.7) 949 (27.1) 0.021% 529 (17.9) 1,489 (23.5) <0.001% 26 (20.8) 89 (31.0) 0.034%
Paroxetine 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Memantine 1,220 (43.5) 1,184 (33.8) <0.001% 1,385 (47.0) 2,783 (43.9) 0.006% 33 (26.4) 126 (43.9) <0.001%
Trazadone 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Buspirone 186 (6.6) 374(10.7) <0.001** 170 (5.8) 501(7.9) <0.001% 3(2.4) 12(4.2) 0375
Valproate 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Results for continuous variables are presented as Mean # SD, while discrete data are presented as percentage frequency. Pearson’s chi-square is used to compare sex differences between
demographic and pharmacological characteristics in vascular dementia, Alzheimer's disease, and mixed vascular-Alzheimer's dementia.

*Pearson’s chi-squared test.

bStudents T-test.

*P-value < 0.05.
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