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Drug-induced dementia: a real-world 
pharmacovigilance study using the FDA 
Adverse Event Reporting System database
Lisi Xu , Ruonan Zhang, Xiaolin Zhang, Xiuli Shang and Daifa Huang

Abstract
Background: Dementia is a serious adverse event (AE) that requires attention in clinical 
practice. However, information on drug-induced dementia is limited. The U.S. FDA Adverse 
Event Reporting System (FAERS) serves as an important resource for identifying real-world 
adverse drug reactions and safety signals.
Objective: This study aimed to use FAERS data to identify drugs associated with increased 
dementia risk.
Design: A secondary analysis of the FAERS database was conducted using disproportionality 
analysis methods.
Methods: We reviewed dementia-related reports in the FAERS database from the first quarter 
of 2004 to the fourth quarter of 2023, used the Medical Dictionary for Regulatory Activity to 
identify dementia cases and summarized the corresponding list of potential medications, 
counted the dementia-causing medication classes with the highest frequency of reports, and 
disaggregated all medications.
Results: The study identified 31,881 dementia-related AEs in the FAERS database, with an 
increasing trend over time, particularly among females and individuals over 65. Apixaban had 
the most reports (1631). Disproportionality analyses revealed that rivastigmine, nicergoline, 
aducanumab, amlodipine/atorvastatin, and dihydroergometrine had the highest risk, based on 
reporting odds ratio, proportional reporting ratio, and information component. Only valproate 
and tramadol among the top 50 drugs included a potential dementia risk in their package 
inserts.
Conclusion: This study identified a list of medications associated with dementia risk, many of 
which lack dementia warnings on their labels. Increased monitoring is necessary for high-risk 
individuals, and further research is required to clarify these associations and improve patient 
safety.
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Introduction
Dementia is a neurodegenerative syndrome 
characterized by a profound deterioration in 
cognitive abilities, significantly impacting an 
individual’s daily functioning and occupational 
performance.1 The disease mainly affects people 
aged 65 and above, with a prevalence rate of 697 
per 10,000, and the number of people suffering 

from dementia doubles approximately every 
5 years.2 Studies indicate that the economic bur-
den of dementia is poised to escalate substan-
tially, with estimates suggesting a total cost 
reaching $507.49 billion by the year 2030.3 This 
financial strain places substantial pressure on 
both familial support structures and societal 
resources.
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Drug-induced dementia, a subset of dementia 
cases, is generally considered reversible upon dis-
continuation of the medication. However, some 
researchers have reported that certain drugs, par-
ticularly those with anticholinergic drug, may be 
associated with an increased risk of persistent 
cognitive impairment.4,5 This indicates that drug-
induced dementia is a complex disorder influ-
enced by various factors, warranting focused 
attention and prevention efforts.

Recognizing and preventing drug-induced 
dementia is crucial. Currently, there is a lack of 
information on the adverse effects (AEs) of phar-
macologic dementia. Drugs may indirectly impair 
cognitive performance through metabolic effects.6 
Dementia, on the other hand, is not easily diag-
nosed and detected due to a variety of factors, 
and research on the use of nonantidementia med-
ications leading to dementia is limited. As a result, 
the understanding of the relationship between 
medications and dementia remains incomplete.

Postmarketing surveillance serves as a crucial 
methodology for elucidating the correlation 
between drugs and adverse reactions. The FDA 
adverse event reporting system (FAERS) data-
base functions as a self-reporting system designed 
to aggregate post-marketing AEs associated with 
drugs and therapeutic biologics. FAERS data, 
being extensive and publicly accessible, are fre-
quently employed in drug signal mining endeav-
ors.7 Previous studies have investigated the 
relationship between specific drugs and dementia 
using the FAERS database.6,8 To our knowledge, 
however, there is a lack of comprehensive studies 
exploring the relationship between medications 
and dementia risk.

The objective of this study was to conduct a thor-
ough investigation into the risk of drug-induced 
dementia using the FAERS database. The pri-
mary aim was to identify pharmaceuticals that 
pose a risk of dementia development. By shed-
ding light on these associations, we hope to 
emphasize the importance of recognizing poten-
tial dementia-related risks and maintaining vigi-
lant monitoring within medical practice.

Methods

Data source
This study comprised three primary components: 
(1) data collection, (2) drug translation 

and collation, and (3) data analysis. It served as a 
retrospective pharmacovigilance investigation 
leveraging the FAERS database. The FAERS 
database encompasses post-marketing surveil-
lance programs for all marketed drugs and thera-
peutic biologics. Since 2004, the database has 
consistently aggregated AE reports received by 
the FDA, incorporating submissions from health-
care professionals, consumers, and manufactur-
ers, with quarterly updates. An extensive array of 
demographic information, drug profiles, indica-
tions, timelines of AEs, and associated clinical 
outcomes is available within the FAERS data-
base.9 As the FAERS is a publicly available and 
anonymized database, institutional review board 
approval and informed consent requirements 
were waived.

Data collection
We initiated data collection by utilizing the pre-
ferred terms (PTs) listed in the Medical Dictionary 
for Regulatory Activities (MedDRA) version 
26.0. Our search spanned adverse reaction reports 
from the first quarter of 2004 to the fourth quar-
ter of 2023. Specifically, we targeted adverse 
reactions related to ‘dementia’, resulting in the 
identification of a total of 31,881 adverse reac-
tions. This comprehensive search allowed us to 
gather a robust dataset for further analysis. The 
PT codes utilized in this process are detailed in 
Supplemental Table 1.

Translation and organization of drug names
Given the multiple nomenclature that exists for 
drug names in the FAERS data, including brand 
names, generic names, chemical names, abbrevia-
tions, and even incorrect names of drugs,10 we 
standardized all drug names to generic names 
before data mining. For this process, we utilized 
MedEx-UIMA 1.3.8,11 a specialized natural lan-
guage processing tool designed for extracting and 
normalizing medication information from clinical 
narratives. The standardization process involved 
the following steps:

First, extraction of drug names: extracting all 
reported drug names from the FAERS database, 
including both brand and generic names.

Second, normalization using MedEx-UIMA: the 
DRUG files provided by the FAERS database 
contains two fields related to the name of the 
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drug, namely: ‘drugname’ and ‘prod_ai’. The 
‘drugname’ and ‘prod_ai’ fields are mapped to 
RxNorm using MedEx-UIMA 1.3.8 so that each 
extracted drug name is mapped to the corre-
sponding single active ingredient. MedEx-UIMA 
uses advanced algorithms to ensure accurate 
mapping and standardization of drug names.

Third, verification and quality control: cross-ref-
erencing a subset of normalized names manually 
to ensure the accuracy of the automated process 
and to confirm that all drug names were appropri-
ately standardized.

To minimize the probability of false positives, we 
selected only ‘role_cod’ fields that play the role of 
‘primary suspect (PS)’.

Statistical analysis
Following the FDA’s recommendations, we per-
formed data cleaning on the DEMO table. Most 
importantly, duplicate records were excluded. If 
multiple records had the same CASEID (the 
identifier for FAERS cases), we retained the one 
with the latest FDA_DT (the date the FDA 
received the case). If records had the same 
CASEID and FDA_DT, we selected the one with 
the highest PRIMARYID (the unique identifier 
for the reports). After the de-duplication process, 
the total number of adverse reactions reported 
from 2004 to 2023 was 17,381,210, with 31,881 
cases specifically related to dementia 
(Supplemental Table 2).

Descriptive analyses were employed to summa-
rize the clinical profiles of patients with drug-
induced dementia, encompassing factors such as 
age, sex, indication, regression, and reporting 
country. The top 50 drugs were identified based 
on the frequency of dementia-associated AE. In 
order to detect potential safety signals that may 
have gone undetected in pre-market clinical trials 
of drugs, we chose a case-number-based 
approach.12 The method is effective for this pur-
pose, as it allows us to quickly identify drugs with 
a higher-than-expected number of reports. These 
drugs underwent meticulous manual validation 
to ensure data accuracy and reliability. 
Subsequently, potential associations between 
drugs and dementia were hypothesized using dis-
proportionality analysis, which calculates the 
ratio of observed drug-related adverse reactions 
to expected reactions, detecting imbalances above 

a predetermined threshold.13 In this study, we 
deployed three signal detection methods to iden-
tify potential adverse drug reactions (ADRs) 
within the FAERS database: (a) Reporting Odds 
Ratio (ROR)14: This method identifies potential 
signals by calculating the odds of an AE being 
reported for a drug in question versus other drugs. 
A higher ROR suggests a more likely association 
between the drug and the event. (b) Proportional 
Reporting Ratio (PRR)15: The PRR evaluates the 
ratio of reports for a specific event with a drug 
versus all other drugs, with a significant value 
greater than 1 indicating a potential signal. (c) 
Bayesian Confidence Propagation Neural 
Network (BCPNN)16: The BCPNN uses 
Bayesian logic to compute the information com-
ponent (IC), where a positive IC indicates a 
strong association between the drug and the AE. 
We aimed to leverage the distinct advantages of 
these techniques to enhance our detection capa-
bilities, validate findings from multiple perspec-
tives, and ensure a comprehensive and reliable 
identification of safety signals. The synergistic 
application of these diverse algorithms enables 
mutual validation, thereby reducing the occur-
rence of false positives. Furthermore, by optimiz-
ing thresholds and variances, we can identify a 
greater number of potential rare ADRs. An ADR 
is considered significant if it meets the following 
criteria: (1) The lower limit of the 95% confi-
dence interval (CI) for ROR is greater than 1; (2) 
PRR is at least 2 with its 95% CI not dropping 
below 1; (3) IC025 value is positive.14 The for-
mulas and criteria are detailed in Table 1.

In this study, R version 4.3.1 was used for data 
acquisition, processing, and analysis.

Results

Descriptive analysis
Between the first quarter of 2004 and the fourth 
quarter of 2023, a total of 17,381,210 adverse 
events were reported in the FAERS database after 
de-duplication, of which 31,881 were related to 
dementia (Supplemental Table 2). As illustrated 
in Figure 1, the number of reports concerning 
ADRs associated with dementia exhibited a con-
sistent upward trajectory from 2004 to 2023, 
reaching its zenith at 3272 cases in 2021. 
Thereafter, a modest decline in the number of 
reports was observed in both 2022 and 2023. 
The detailed characteristics of these cases are 
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Table 1.  Summary of algorithms used for signal detection.

Algorithms Equation Criteria

ROR ROR = ad/bc Lower limit of 95% CI >1, a ⩾3

95% CI = eln(ROR) ± 1.96(1/a + 1/b + 1/c + 1/d)^0.5

PRR PRR = a(c + d)/c(a + b) PRR ⩾2, χ2 ⩾4, a ⩾3

χ2 = [(ad – bc)2](a + b + c + d)/[(a + b)(c + d)(a + c)(b + d)]
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95% CI = E (IC) ± 2 ×  V(IC)

a = Number of reports containing both suspected drug and suspected adverse drug reactions.
b = Number of reports containing suspected adverse drug reactions with other drugs (other than the drug of interest).
c = Number of reports containing suspected adverse drug reactions with other drugs (other than the event of interest).
d = Number of reports containing both other drugs and other adverse drug reactions.
BCPNN, Bayesian confidence propagation neural network; CI, confidence interval; IC, information component; PRR, 
proportional reporting ratio; ROR, reporting odds ratio; χ2, chi-squared.

presented in Table 2. According to the data pre-
sented in Table 2, 16,953 cases (53.18%) were 
attributed to females, 12,954 cases (40.64%) to 
males, and 1971 cases (6.18%) to instances where 
sex values were unknown. Regarding age, 44.23% 
of the data did not provide age information, limit-
ing our in-depth understanding of the relation-
ship between age and drug-induced dementia. 
However, in the reports with clear data, the high-
est prevalence of dementia was observed among 
patients aged over 65 years (46.88%), followed by 
the age group of 41–64 years (7.74%). Conversely, 
a lower prevalence of dementia was noted among 

patients aged 19–40 years (0.91%), and those 
under 19 years of age (0.24%). Among these 
reports, only 3.52% involved patients with 
dementia, whereas a larger proportion of patients 
without dementia experienced dementia. The 
most commonly reported outcomes were other 
serious conditions (59.71%) and hospitalization 
(22.59%), followed by death (11.76%), disability 
(3.81%), and life-threatening (1.8%). These top 
five clinical outcomes all represent serious AEs 
that can significantly impact patients and their 
families and need to be taken seriously. The 
median time to onset of drug-induced dementia 
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Figure 1.  Number of reported cases of drug-induced dementia from 2004 to 2023.

was day 142 postdose. The country with the high-
est number of reports of drug-induced dementia 
was the United States (47.55%), well ahead of 
Japan (5.36%), Canada (4.61%), the United 
Kingdom (3.8%), and Brazil (3.08%). Notably, 
these AEs were predominantly reported by non-
health professionals (56.43%), with only 40.04% 
reported by health professionals.

Figure 2 presents a summary of the top 50 drugs 
linked to dementia, ranked by the frequency of 
AE reports. Apixaban topped the list with 1631 
reported cases, followed by rivastigmine (1094 
cases), pimavanserin (863 cases), lenalidomide 
(834 cases), carbidopa/levodopa (776 cases), 
adalimumab (719 cases), insulin glargine (627 
cases), quetiapine (553 cases), sacubitril/valsar-
tan (546 cases), and etanercept (530). Of these 
50 drugs, antipsychotics, antineoplastics, and 
antirheumatic drugs were the most prevalent, 
with 6 (12%) each, as well as anti-osteoporosis, 
hypoglycemic, and anticoagulant drugs, all at 3 
(6%), and statin lipid-lowering, antihypertensive, 
and antimultiple sclerosis drugs at two each, each 
accounting for 4% of the total. Of these 50 drugs, 
there is only one antidementia drug: rivastigmine. 
Notably, of these 50 drugs associated with 
dementia-related adverse reactions, only five 

explicitly indicated dementia risks in their specifi-
cations: pregabalin, atorvastatin, enzalutamide, 
oxycodone, and rosuvastatin, leaving the remain-
ing 45 without such warnings.

Disproportionality analysis
Table 3 presents the top 50 drugs with the highest 
signal intensity according to the ROR criteria and 
the top 10 drugs are rivastigmine (ROR = 46.3, 
PRR = 43.39, χ2 = 43,813.4, IC = 5.39), nicergo-
line (ROR = 43.34, PRR = 40.69, χ2 = 155.08, 
IC = 5.35), aducanumab (ROR = 30.19, 
PRR = 28.89, χ2 = 592.9, IC = 4.85), amlodipine/
atorvastatin (ROR = 22.68, PRR = 21.95, 
χ2 = 180.17, IC = 4.46), dihydroergocristine 
(ROR = 22.57, PRR = 21.85, χ2 = 99.6, IC = 4.45), 
famotidine (ROR = 22.42, PRR = 21.7, χ2 = 98.88, 
IC = 4.44), timolol (ROR = 20.98, PRR = 20.35, 
χ2 = 257.89, IC = 4.35), vildagliptin (ROR = 18.57, 
PRR = 18.09, χ2 = 113.14, IC = 4.18), triptorelin 
(ROR = 18.45, PRR = 17.97, χ2 = 1823.5, 
IC = 4.16) and human insulin (ROR = 17.57, 
PRR = 17.13, χ2 = 76.06, IC = 4.1). Among the 
top 50 drugs, seven were categorized as antide-
mentia medications, while the remaining drugs 
fell under the classification of nonantidementia 
medications; however, only two drugs had a 
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Table 2.  Clinical characteristics of reported drug-induced dementia.

Characteristics Reports, n (%)

Sex  

  Female 16,953 (53.18%)

  Male 12,954 (40.64%)

  Unknown 1971 (6.18%)

Age  

  ⩽18 77 (0.24%)

  19–40 290 (0.91%)

  41–64 2466 (7.74%)

  ⩾65 14,946 (46.88%)

  Unknown 14,099 (44.23%)

Indications  

  Dementia 1123 (3.52%)

  Others 19,919 (62.46%)

  Unknown 10,850 (34.02%)

Outcomes  

  Hospitalization 9093 (22.59%)

  Death 4733 (11.76%)

  Other serious 24,033 (59.71%)

  Disability 1535 (3.81%)

  Life-threatening 723 (1.80%)

 � Required intervention to prevent permanent 
impairment/damage

111 (0.28%)

  Congenital anomaly 19 (0.05%)

Dementia occurrence time—medication date 
(days)

142.00 (14.00, 719.00)

Reported countries  

  United States 15,158 (47.55%)

  Japan 1710 (5.36%)

  Canada 1469 (4.61%)

  United Kingdom 1211 (3.80%)

  Brazil 982 (3.08%)

  Other 11,348 (35.60%)

Reporter  

 � Nonhealth professionals 17,990 (56.43%)

  Health professionals 12,762 (40.04%)

  Unknown 1126 (3.53%)

possible risk of dementia noted in the label and 
these were valproate and tramadol. In addition, of 
these 50 drugs, anti-Parkinson’s drugs were the 
most common of the 50 drugs with 7 (14%), fol-
lowed by antihypertensive drugs with 6 (12%), 
hypoglycemic drugs with 3 (6%), and anticholin-
ergic drugs with 2 (4%). In addition, to facilitate 
clinical identification of as many relevant drugs as 
possible that may cause dementia, we listed 110 
major drugs according to the criteria14 (Table 1) 
for signal detection (Supplemental Table 3).

Discussion
To the best of our knowledge, this study is the 
first and largest FAERS database-based study 
assessing drug-induced dementia. We elucidate 
the drugs most closely associated with pharmaco-
logical dementia and clarify the clinical features of 
these AEs. The majority of these medications lack 
explicit warnings for dementia in their package 
inserts, and people are not aware of their demen-
tia risks.

Dementia is an easily overlooked AE in medica-
tion, but it can cause serious harm and even 
death. Our study demonstrates that the risk of 
drug-induced dementia escalates with advancing 
age. In general, with increasing age, neurodegen-
erative changes associated with aging make the 
brain more susceptible to adverse effects of cer-
tain medications that centrally affect cognitive 
function that may not manifest in younger indi-
viduals. Furthermore, our findings indicate a 
higher risk of dementia in women compared to 
men, consistent with the results reported by 
Beydoun et al.17 The elevated risk of dementia in 
women compared to men may be attributable to 
various factors, including lifestyle and socio-eco-
nomic influences, among others. In this study, we 
found that among the patients reporting drug-
induced dementia, except for 34.02% who did 
not report indications, which somewhat limited 
our analysis, only 3.52% of patients reporting 
drug-induced dementia had previous dementia, 
while 62.46% of patients reporting drug-induced 
dementia had no previous dementia. Most of the 
reported clinical outcomes were severe, with 
death in 11.76% of patients and hospitalization, 
disability, and other serious consequences in 
86.11% of patients. Therefore, regardless of pre-
vious dementia history, healthcare professionals 
should be vigilant about the risk of dementia asso-
ciated with medications, especially in patients 
with known risk factors for dementia.
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Figure 2.  Top 50 drugs with the highest number of reported dementia.

Table 3.  Top 50 drugs for signal strength.

Drug name Case 
reports

ROR (95% CI) PRR (95% CI) χ2 IC (IC025) Package 
insert 
suggests 
risk for 
dementia

Rivastigminea 1094 46.3 (43.51, 49.28) 43.39 (40.91, 46.02) 43,813.4 5.39 (5.3) N

Nicergolinea 4 43.34 (15.75, 119.25) 40.69 (15.88, 104.25) 155.08 5.35 (4.03) N

Aducanumaba 22 30.19 (19.68, 46.29) 28.89 (19.14, 43.6) 592.9 4.85 (4.25) N

Amlodipine/atorvastatin 9 22.68 (11.67, 44.09) 21.95 (11.5, 41.91) 180.17 4.46 (3.54) N

(Continued)
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Drug name Case 
reports

ROR (95% CI) PRR (95% CI) χ2 IC (IC025) Package 
insert 
suggests 
risk for 
dementia

Dihydroergocristine 5 22.57 (9.25, 55.06) 21.85 (9.22, 51.76) 99.6 4.45 (3.27) N

Famotidine 5 22.42 (9.19, 54.67) 21.7 (9.16, 51.4) 98.88 4.44 (3.26) N

Timolol 14 20.98 (12.32, 35.72) 20.35 (12.22, 33.88) 257.89 4.35 (3.6) N

Vildagliptin 7 18.57 (8.76, 39.38) 18.09 (8.76, 37.36) 113.14 4.18 (3.16) N

Triptorelin 114 18.45 (15.31, 22.24) 17.97 (15.06, 21.44) 1823.5 4.16 (3.9) N

Human insulin 5 17.57 (7.23, 42.71) 17.13 (7.23, 40.58) 76.06 4.1 (2.93) N

Donepezila 210 13.72 (11.96, 15.73) 13.45 (11.73, 15.43) 2408.71 3.74 (3.54) N

Pimavanserina 863 13.49 (12.6, 14.45) 13.24 (12.48, 14.04) 9519.28 3.69 (3.59) N

Galantamine 80 13.42 (10.75, 16.75) 13.17 (10.62, 16.34) 898.9 3.72 (3.4) N

Memantinea 207 13.08 (11.4, 15.02) 12.85 (11.2, 14.74) 2249.95 3.67 (3.48) N

Aspirin 3 10.05 (3.21, 31.44) 9.91 (3.24, 30.29) 24.08 3.31 (1.88) N

Metformin 32 9.6 (6.77, 13.61) 9.47 (6.65, 13.48) 242.63 3.24 (2.75) N

Lecanemaba 3 9.47 (3.03, 29.59) 9.34 (3.06, 28.55) 22.39 3.22 (1.8) N

Indacaterol, 
glycopyrronium bromide

23 9.22 (6.11, 13.92) 9.11 (6.04, 13.75) 166.13 3.19 (2.6) N

Ranolazine 149 8.96 (7.62, 10.54) 8.86 (7.57, 10.36) 1035.21 3.14 (2.91) N

Valproate 5 8.81 (3.64, 21.29) 8.7 (3.67, 20.61) 34.14 3.12 (1.96) Y

Carbidopa/levodopa 776 8.78 (8.18, 9.44) 8.68 (8.03, 9.39) 5154.01 3.09 (2.98) N

Apixaban 1631 8.37 (7.96, 8.8) 8.28 (7.81, 8.78) 9918.55 2.98 (2.91) N

Penicillamine 6 8.33 (3.72, 18.65) 8.24 (3.69, 18.4) 38.23 3.04 (1.97) N

Entacapone 29 8.3 (5.76, 11.98) 8.21 (5.77, 11.68) 183.76 3.04 (2.52) N

Migalastat 5 8.19 (3.39, 19.78) 8.1 (3.42, 19.19) 31.15 3.02 (1.85) N

Dextromethorphan/
quinidine

59 8.09 (6.26, 10.47) 8.01 (6.21, 10.33) 361.71 3 (2.63) N

Tramadol 3 7.99 (2.56, 24.95) 7.91 (2.59, 24.18) 18.13 2.98 (1.56) Y

Brinzolamide 5 7.83 (3.24, 18.92) 7.75 (3.27, 18.36) 29.44 2.95 (1.79) N

Fesoterodine 87 7.73 (6.26, 9.56) 7.66 (6.17, 9.5) 502.82 2.93 (2.63) N

Valsartan 134 7.16 (6.04, 8.49) 7.09 (5.94, 8.46) 699.44 2.78 (1.36) N

Promethazine 3 6.94 (2.22, 21.65) 6.88 (2.25, 21.03) 15.09 2.77 (2.55) N

Table 3.  (Continued)

(Continued)
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Drug name Case 
reports

ROR (95% CI) PRR (95% CI) χ2 IC (IC025) Package 
insert 
suggests 
risk for 
dementia

Valsartan/amlodipine 77 6.82 (5.45, 8.54) 6.76 (5.45, 8.39) 377.52 2.75 (2.43) N

Metoprololsuccinate 38 6.76 (4.91, 9.3) 6.7 (4.9, 9.17) 184.18 2.74 (2.29) N

Zafirlukast 4 6.75 (2.52, 18.09) 6.69 (2.51, 17.83) 19.4 2.74 (1.47) N

Tolterodine 71 6.74 (5.34, 8.52) 6.69 (5.29, 8.46) 343.07 2.74 (2.4) N

Opicapone 8 6.62 (3.3, 13.28) 6.56 (3.3, 13.03) 37.75 2.71 (1.77) N

Rasagiline 28 6.48 (4.47, 9.41) 6.43 (4.43, 9.33) 128.4 2.68 (2.16) N

Triazolam 18 6.31 (3.97, 10.04) 6.26 (3.99, 9.83) 79.61 2.65 (1.99) N

Amlodipine, valsartan, 
hydrochlorothiazide

27 6.29 (4.31, 9.19) 6.24 (4.3, 9.06) 118.93 2.62 (1.2) N

Tafamidis 99 6.12 (5.02, 7.47) 6.08 (5, 7.4) 419.27 2.6 (2.32) N

Dipyridamole 23 5.6 (3.71, 8.44) 5.56 (3.68, 8.39) 86.11 2.47 (1.89) N

Pergolide 4 5.57 (2.08, 14.9) 5.53 (2.08, 14.73) 14.86 2.47 (1.2) N

Digoxin 113 5.47 (4.54, 6.58) 5.43 (4.55, 6.48) 407.36 2.44 (2.17) N

Dutasteride 13 5.4 (3.13, 9.33) 5.37 (3.1, 9.3) 46.26 2.42 (1.66) N

Strontium 89Sr 3 5.31 (1.71, 16.55) 5.28 (1.69, 16.46) 10.42 2.4 (0.98) N

Levodopa, carbidopa, 
entacapone

14 5.19 (3.07, 8.78) 5.16 (3.04, 8.76) 46.96 2.37 (1.63) N

Amlodipine/telmisartan 3 5.08 (1.63, 15.82) 5.05 (1.62, 15.74) 9.75 2.34 (0.91) N

Amantadine 23 4.98 (3.3, 7.5) 4.95 (3.28, 7.47) 72.46 2.31 (1.73) N

Indacaterol 14 4.96 (2.93, 8.38) 4.93 (2.9, 8.37) 43.84 2.3 (1.57) N

Solifenacin 107 4.92 (4.06, 5.95) 4.89 (4.02, 5.95) 330.12 2.28 (2.01) N

CI, confidence interval; IC, information component; IC025, the lower limit of 95% CI of the IC; PRR, proportional reporting ratio; ROR, reporting odds 
ratio; χ2, chi-squared; Y, yes; N, not.
aAntidementia drug.

Table 3.  (Continued)

The top 50 drugs with the most common 
reports of drug-induced dementia
Of the top 50 drugs with the most common 
reports of drug-induced dementia, only pregaba-
lin, atorvastatin, enzalutamide, oxycodone, and 
rosuvastatin were mentioned in the inserts as 
potentially having a risk of dementia, with 

cognitive dysfunction being a common adverse 
reaction to pregabalin, mainly in the form of 
memory deficits and language deficits, while 
dementia was more rare with atorvastatin, enza-
lutamide, oxycodone, and rosuvastatin, which 
can be recovered after discontinuation of the 
drug.
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Apixaban.  As shown in Figure 2, apixaban, the 
drug with the most reported AEs (1631 cases) in 
dementia, is a nonvitamin K antagonist oral anti-
coagulant commonly used for oral anticoagula-
tion in patients with atrial fibrillation (AF).18 AF 
is an independent risk factor for dementia,19 likely 
due to its contribution to microembolism and 
asymptomatic cerebral infarction.20 Oral antico-
agulants may prevent these conditions by inhibit-
ing coagulation factors,21 which may explain why 
multiple studies have shown that oral anticoagu-
lants reduce the risk of dementia.20,22,23 The num-
ber of reports of drug-induced dementia in the 
FAERS database, in turn, is influenced by a range 
of factors, such as high levels of drug use and rec-
ommended levels of therapeutic dosages. Approx-
imately one in six older adults receives oral 
anticoagulants,24 with AF being the most com-
mon reason for such therapy.19 Thus, apixaban 
was reported as the drug with the most dementia 
AEs, probably because AF is a risk factor for 
dementia, and apixaban is widely used in the clin-
ical practice. Overall, apixaban is considered 
safe,22,25 and patients with dementia who have AF 
also benefit from taking it.26 Additionally, elderly 
AF patients gain the greatest benefit from apixa-
ban compared to other oral anticoagulants.27

Anticancer, antipsychotic, and antirheumatic 
drugs.  Anticancer, antipsychotic, and antirheu-
matic drugs were the drug classes with the highest 
number of reported cases of drug-induced 
dementia, with each accounting for six of the top 
50 drugs reporting the highest number of cases.

Anticancer.  Cancer treatment is known to 
have a long-term negative impact on cognitive 
function, often referred to as “chemo brain” or 
“chemo fog,”28 although the exact mechanisms of 
cognitive decline remain unclear. Potential con-
tributing factors include oxidative damage, DNA 
damage, apoptosis, hormonal changes, neuro-
toxicity, dysregulation and reduction of neuro-
transmitters, increased phosphorylation of tau 
proteins, inhibition of cerebral blood flow, and 
a reduction in the number of cortical spines and 
dendrites.29–35 Enzalutamide, a second-genera-
tion androgen receptor (AR) inhibitor, has been 
shown to reduce cognitive function in patients36,37 
and is listed in its specification as having a risk 
of dementia. This may be related to its blood–
brain barrier permeability and direct AR inhibitor 
activity.38 Due to factors such as survival of can-
cer patients, objective clinical diagnostic tools for 

dementia, and short follow-up period, there are 
relatively few studies related to anticancer drugs 
and dementia, and no literature was retrieved on 
the remaining five drugs causing dementia. Neu-
ropsychiatric symptoms of dementia (NPS) are 
prevalent in dementia,39 usually manifesting as 
delusions and/or hallucinations, and may be asso-
ciated with hyperactivation of vertebral neurons 
within the visual cortex and hyperactivation of 
limbic pathways in the midbrain.

Atypical antipsychotics are widely used to treat 
symptoms such as delusions, aggression, and hal-
lucinations in dementia patients.40 The Clinical 
Antipsychotic Trials of Intervention Effective
ness—Alzheimer’s Dementia (CATIE-AD) study 
and a meta-analysis of randomized controlled tri-
als of 10 antipsychotics for the treatment of NPS 
showed that the use of atypical antipsychotics 
(including olanzapine, risperidone, quetiapine, 
and others) tended to lead to deterioration in cog-
nitive functioning, with cognitive impairment 
worsening the longer the trial lasted.41,42 The 
2005 FDA release on atypical antipsychotics 
(quetiapine, clozapine, risperidone, olanzapine, 
and aripiprazole) for the treatment of NPS was 
associated with increased mortality.43 In addition 
it required these drugs to add a black box warning 
on their labeling describing the risks and stating 
that they should not be used to treat NPS, a warn-
ing that could be extended to all antipsychotics.44 
Pimavanserin, a highly selective 5-HT 2A inverse 
agonist that does not block dopamine receptors, 
is approved by the FDA for the treatment of hal-
lucinations and delusions in Parkinson’s disease-
related psychosis without worsening cognitive 
function.45 However, it has a black box warning at 
the FDA that prohibits the use of the drug to treat 
Alzheimer’s and psychosis, and is only indicated 
for psychosis caused by Parkinson’s.46

Rheumatic diseases, particularly rheumatoid arthri-
tis, increase the risk of cognitive impairment47 
and may be linked to systemic inflammation and 
neurologic involvement.48 Several studies49,50 
have shown that in patients with rheumatoid 
arthritis, the risk of dementia is reduced in those 
treated with antirheumatic drugs, while the risk of 
dementia is lower in patients with systemic 
inflammatory diseases who are treated with TNF 
blockers (e.g., adalimumab).50 TNF-α is thought 
to be a major regulator of immune response in 
many organ systems, including the brain, and it is 
significantly elevated in the cerebrospinal fluid of 
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patients with dementia, affecting disease progres-
sion,51 and it has also been shown that targeting 
TNF-α improves cognition in middle-aged  
and older adults and may treat or prevent 
dementia.49

It is clear that the number of reports of pharma-
cologic dementia is influenced by many factors, 
including social use of medications, disease inter-
actions, progression of the disease itself, co-mor-
bid conditions, and other factors. Therefore, the 
number of AE reports does not accurately reflect 
the relationship between medications and AE.

Disproportionality analysis
Following disproportionality analysis, we identi-
fied the 50 drugs exhibiting the strongest signals 
and scrutinized their package inserts. Only two 
drugs describe the risk of dementia in their labe-
ling, the antiepileptic drug valproate and the anal-
gesic tramadol, with dementia being a common 
AE of valproate and a rare AE of tramadol.

Dementia is the most common cause of seizures 
and epilepsy, and epilepsy can also be comorbid 
with dementia; the two disorders are a two-way 
association.52 Valproate is a potent broad-spec-
trum antiepileptic drug, and a review53 that 
included 11 papers (study populations with nor-
mal cognition at baseline and dementia after val-
proate treatment) showed that valproate-induced 
dementia is a reversible form of cognitive decline 
that was first reported in 1986.54 This reversible 
cognitive decline can be reversed after valproate 
dose reduction or discontinuation, but is particu-
larly important to diagnose because it is not easily 
recognized and is mistaken for neurodegenerative 
dementia.53 Therefore, medical personnel should 
pay more attention to and recognize these patients 
in their clinical work, and strengthen the ques-
tioning of medication history to reduce the leak-
age and misdiagnosis.

Tramadol is a useful alternative to traditional 
high-potency opioids for the treatment of severe 
intractable pain,55 but the American Geriatrics 
Society recommends caution in older adults due 
to its risk of central nervous system AEs.56

The three most common drug classes associated 
with AEs in dementia.  Among the 50 drugs with 
the strongest signals in the drug sensitivity analy-
sis, seven were antidementia and anti-Parkinson’s 

disease drugs, and six were antihypertensive 
drugs. This finding prompts a critical examina-
tion of the pharmacodynamics, patient popula-
tions, and potential biases inherent in the 
reporting system.

Antidementia drugs.  It might initially seem 
paradoxical that antidementia drugs, which are 
intended to mitigate the symptoms of dementia, 
are associated with the onset of the condition. 
However, this association could be attributed to 
several factors. First, protopathic bias: patients 
who are in the early, undiagnosed stages of 
dementia might be prescribed these drugs as their 
symptoms emerge, thus the drugs appear in the 
database as associated with dementia onset rather 
than progression. Second, disease progression: 
antidementia drugs might be reported because 
patients on these medications are inherently 
more likely to be diagnosed with dementia due 
to the progression of their underlying condition. 
Third, reporting bias: patients and healthcare 
providers are more likely to report AEs when a 
patient is on medications specifically for demen-
tia, as they are already focused on this condition. 
However, it has been shown that acetylcholinest-
erase inhibitors (AChEI; rivastigmine, donepezil, 
and galantamine) report many adverse outcomes 
in dementia patients, with rivastigmine having a 
higher frequency of reported deaths compared to 
donepezil and galantamine.57 This may be related 
to the fact that rivastigmine is the only AChEI 
available in a transdermal patch form,58 and 
inappropriate use of this mode of administration 
can lead to high-dose exposure, severe AEs, and 
even death.59 AChEI and memantine are effec-
tive treatments for dementia,60 but we need to 
consider the risks and proper use of these medi-
cations to choose the safest, most effective medi-
cations for our patients.

Anti-Parkinson’s drugs. The strong association 
between anti-Parkinson’s drugs and dementia is 
also noteworthy. First, comorbidities: Parkinson’s 
disease (PD) and dementia share several common 
pathological mechanisms. Cognitive impairment 
is a frequent comorbidity in PD,61 which might 
lead to higher reporting of dementia among 
patients taking these medications. Second, medi-
cation side effects: some anti-Parkinson’s medi-
cations, particularly those affecting dopamine 
pathways, can have cognitive side effects that 
might be misclassified or contribute to dementia-
like symptoms.62 Third, advanced disease stages: 
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as PD progresses, the likelihood of dementia 
increases,62 and thus the prescription of anti-Par-
kinson’s drugs in these stages may coincide with 
the emergence of dementia symptoms.

Antihypertensive drugs.  First, vascular con-
tributions: hypertension is a known risk factor 
for dementia.63,64 The use of antihypertensive 
drugs in patients at risk for vascular dementia 
could result in these medications being flagged in 
dementia reports. Second, polypharmacy: patients 
on anti-hypertensive medications are often older 
and have multiple comorbidities, increasing the 
risk of dementia and the likelihood of polyphar-
macy, which complicates attributing causation to 
a single drug class. Similarly, glucose-lowering 
drugs, antiplatelet aggregating drugs, and antico-
agulants.

The remaining drugs also generated new signals, 
including H2 receptor antagonists (famotidine), 
antiarrhythmics (ranolazine), antihistamines 
(promethazine), and positive inotropic agents 
(digoxin). Despite these drugs being on the mar-
ket for a long time, there are few studies examin-
ing their association with dementia. Additionally, 
according to the detection criteria for signaling, 
dementia was reported at least three times as a 
signal, which may lead to false-positive results. 
Table 3 shows that these drugs do not report a 
large number of dementia cases. Therefore, fur-
ther research is needed to determine whether the 
risk of dementia should be indicated in the labe-
ling of these drugs.

This real-world pharmacovigilance study was 
designed to identify drugs that may be associated 
with dementia. While the associations found are 
significant, they should be interpreted with cau-
tion. This study has several limitations that should 
be acknowledged. First, incomplete demographic 
data: a significant proportion of the FAERS 
reports lacked detailed demographic information. 
Specifically, 44.23% of reports did not include 
age data, and 6.18% lacked gender information. 
This limited our ability to analyze age and gender 
as covariates, which are known to influence 
dementia risk. Consequently, while we observed a 
higher prevalence of dementia in older individu-
als and women, these findings should be inter-
preted with caution. Second, there is the issue of 
causation versus correlation: FAERS data can 
highlight correlations but cannot establish causa-
tion. The associations identified require further 

investigation through prospective cohort studies 
and randomized controlled trials to elucidate the 
underlying mechanisms and determine whether 
these drugs contribute to dementia development 
or if the associations are due to underlying disease 
mechanisms. Third, reporting bias is a concern: 
the spontaneous reporting system of FAERS is 
subject to underreporting, selective reporting, 
and reporting bias, which can affect perceptions 
of the strength of associations. Fourth, confound-
ing variables such as patients’ general health sta-
tus, education level, cognitive function, 
comorbidities, and complications may have influ-
enced the observed relationships. Finally, due to 
the lack of a known denominator (number of pre-
scriptions for the drug), it was not possible to cal-
culate the incidence rate using the FAERS 
database. Based on these limitations, further 
research is needed to determine whether the risk 
of dementia should be stated in the labeling of 
these drugs. Despite these limitations, the FAERS 
database remains an important tool for pharma-
covigilance, providing valuable information for 
clinical practice and further research efforts.

Conclusion
In this study, we conducted a comprehensive 
assessment of dementia reports and their corre-
sponding medications using data from the 
FAERS database. While only a few medications 
explicitly list dementia risk in their package 
inserts, our findings emphasize the importance 
of ongoing monitoring and assessment of drug 
safety, especially for medications commonly 
used by people at high risk for dementia. 
Healthcare providers should raise awareness of 
the potential cognitive effects of these medica-
tions and the importance of individualizing 
patient instructions. Additionally, it is crucial 
to review relevant medication histories (e.g., 
valproate, anticancer medications) for patients 
with suspected dementia to reduce misdiagno-
sis. Furthermore, it is imperative to explore 
and confirm the potential associations and 
pathogenesis between these drugs and dementia 
through further research.

Declarations

Ethics approval and consent to participate
This study involved only anonymized patient-
reported open access data that did not require 

https://journals.sagepub.com/home/tan


L Xu, R Zhang et al.

journals.sagepub.com/home/tan	 13

ethics committee approval, and the information 
in these analyses did not identify patients. 
Informed consent to participate was therefore not 
applicable.

Consent for publication
Not applicable.

Author contributions
Lisi Xu: Conceptualization, Data curation, 
Methodology, Writing – original draft, Writing – 
review & editing.

Ruonan Zhang: Methodology, Visualization.

Xiaolin Zhang: Formal analysis, Supervision.

Xiuli Shang: Conceptualization, Supervision, 
Writing – review & editing.

Daifa Huang: Conceptualization, Project 
administration, Supervision.

Acknowledgements
We thank the FAERS dataset for generously 
sharing its data, all subjects who provided sam-
ples, and all researchers who supported this 
study.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials

The data described in the article are freely and 
publicly available at https://fis.fda.gov/extensions/
FPD-QDE-FAERS/FPD-QDE-FAERS.html 
(accessed 4/17/2024).

ORCID iDs
Lisi Xu  https://orcid.org/0000-0003-2159- 
8024

Daifa Huang  https://orcid.org/0009-0001- 
9719-3974

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Gale SA, Acar D and Daffner KR. Dementia. Am 

J Med 2018; 131: 1161–1169.

	 2.	 Cao Q, Tan CC, Xu W, et al. The prevalence of 
dementia: a systematic review and meta-analysis. 
J Alzheimers Dis 2020; 73: 1157–1166.

	 3.	 Jia J, Wei C, Chen S, et al. The cost of 
Alzheimer’s disease in China and re-estimation 
of costs worldwide. Alzheimers Dement 2018; 14: 
483–491.

	 4.	 Ancelin ML, Artero S, Portet F, et al. Non-
degenerative mild cognitive impairment in 
elderly people and use of anticholinergic drugs: 
longitudinal cohort study. BMJ 2006; 332: 
455–459.

	 5.	 Jessen F, Kaduszkiewicz H, Daerr M, et al. 
Anticholinergic drug use and risk for dementia: 
target for dementia prevention. Eur Arch 
Psychiatry Clin Neurosci 2010; 260(Suppl 2): 
S111–S115.

	 6.	 Takada M, Fujimoto M and Hosomi K. 
Association between benzodiazepine use and 
dementia: data mining of different medical 
databases. Int J Med Sci 2016; 13: 825–834.

	 7.	 Alomar M, Tawfiq AM, Hassan N, et al. Post 
marketing surveillance of suspected adverse drug 
reactions through spontaneous reporting: current 
status, challenges and the future. Ther Adv Drug 
Saf 2020; 11: 2042098620938595.

	 8.	 Wu B, Hu Q, Tian F, et al. A pharmacovigilance 
study of association between proton pump 
inhibitor and dementia event based on FDA 
adverse event reporting system data. Sci Rep 
2021; 11: 10709.

	 9.	 Duggirala HJ, Tonning JM, Smith E, et al. 
Use of data mining at the Food and Drug 
Administration. J Am Med Inform Assoc 2016; 23: 
428–434.

	10.	 Khaleel MA, Khan AH, Ghadzi SMS, et al. A 
standardized dataset of a spontaneous adverse 
event reporting system. Healthcare (Basel) 2022; 
10: 420.

	11.	 Jiang M, Wu Y, Shah A, et al. Extracting and 
standardizing medication information in clinical 
text – the MedEx-UIMA system. AMIA Jt 
Summits Transl Sci Proc 2014; 2014: 37–42.

	12.	 Noguchi Y, Tachi T and Teramachi H. 
Detection algorithms and attentive points of 
safety signal using spontaneous reporting systems 
as a clinical data source. Brief Bioinform 2021; 22: 
bbab347.

https://journals.sagepub.com/home/tan
https://fis.fda.gov/extensions/FPD-QDE-FAERS/FPD-QDE-FAERS.html
https://fis.fda.gov/extensions/FPD-QDE-FAERS/FPD-QDE-FAERS.html
https://orcid.org/0000-0003-2159-8024
https://orcid.org/0000-0003-2159-8024
https://orcid.org/0009-0001-9719-3974
https://orcid.org/0009-0001-9719-3974


Therapeutic Advances in 
Neurological Disorders Volume 18

14	 journals.sagepub.com/home/tan

	13.	 Caster O, Aoki Y, Gattepaille LM, et al. 
Disproportionality analysis for pharmacovigilance 
signal detection in small databases or subsets: 
recommendations for limiting false-positive 
associations. Drug Saf 2020; 43: 479–487.

	14.	 Ooba N and Kubota K. Selected control events 
and reporting odds ratio in signal detection 
methodology. Pharmacoepidemiol Drug Saf 2010; 
19: 1159–1165.

	15.	 Evans SJ, Waller PC and Davis S. Use of 
proportional reporting ratios (PRRs) for signal 
generation from spontaneous adverse drug 
reaction reports. Pharmacoepidemiol Drug Saf 
2001; 10: 483–486.

	16.	 Bate A, Lindquist M, Edwards IR, et al. A 
Bayesian neural network method for adverse drug 
reaction signal generation. Eur J Clin Pharmacol 
1998;54(4): 315–321.

	17.	 Beydoun MA, Weiss J, Beydoun HA, et al. 
Pathways explaining racial/ethnic disparities 
in incident all-cause and Alzheimer’s disease 
dementia among older US men and women. 
Alzheimers Dement (N Y) 2022; 8: e12275.

	18.	 Eschler CM, Woitok BK, Funk GC, et al. Oral 
anticoagulation in patients in the emergency 
department: high rates of off-label doses, no 
difference in bleeding rates. Am J Med 2020; 133: 
599–604.

	19.	 Islam MM, Poly TN, Walther BA, et al. 
Association between atrial fibrillation and 
dementia: a meta-analysis. Front Aging Neurosci 
2019; 11: 305.

	20.	 Diener HC, Hart RG, Koudstaal PJ, et al. Atrial 
fibrillation and cognitive function: JACC review 
topic of the week. J Am Coll Cardiol 2019; 73: 
612–619.

	21.	 Friberg L and Rosenqvist M. Less dementia 
with oral anticoagulation in atrial fibrillation. Eur 
Heart J 2018; 39: 453–460.

	22.	 Grymonprez M, Petrovic M, De Backer 
TL, et al. Comparing the risk of dementia 
in subjects with atrial fibrillation using non-
vitamin K antagonist oral anticoagulants  
versus vitamin K antagonists: a Belgian 
nationwide cohort study. Age Ageing 2023; 52: 
afad038.

	23.	 Kim D, Yang PS, Yu HT, et al. Risk of dementia 
in stroke-free patients diagnosed with atrial 
fibrillation: data from a population-based cohort. 
Eur Heart J 2019; 40: 2313–2323.

	24.	 Chen Q, Lapane K, Nunes AP, et al. Prevalence 
and the factors associated with oral anticoagulant 

use among nursing home residents. J Clin Pharm 
Ther 2021; 46: 1714–1728.

	25.	 Kim D, Yang PS, Jang E, et al. Association of 
anticoagulant therapy with risk of dementia 
among patients with atrial fibrillation. Europace 
2021; 23: 184–195.

	26.	 Lin KJ, Singer DE, Bykov K, et al. 
Comparative effectiveness and safety of oral 
anticoagulants by dementia status in older 
patients with atrial fibrillation. JAMA Netw 
Open 2023; 6: e234086.

	27.	 Grymonprez M, Steurbaut S, De Backer 
TL, et al. Effectiveness and safety of oral 
anticoagulants in older patients with atrial 
fibrillation: a systematic review and meta-analysis. 
Front Pharmacol 2020; 11: 583311.

	28.	 Fleming B, Edison P and Kenny L. Cognitive 
impairment after cancer treatment: mechanisms, 
clinical characterization, and management. BMJ 
2023; 380: e071726.

	29.	 Merriman JD, Von Ah D, Miaskowski C, et al. 
Proposed mechanisms for cancer- and treatment-
related cognitive changes. Semin Oncol Nurs 2013; 
29: 260–269.

	30.	 Lim I, Joung HY, Yu AR, et al. PET evidence of 
the effect of donepezil on cognitive performance 
in an animal model of chemobrain. Biomed Res 
Int 2016; 2016: 6945415.

	31.	 Zhou W, Kavelaars A and Heijnen CJ. 
Metformin prevents cisplatin-induced cognitive 
impairment and brain damage in mice. PLoS One 
2016; 11: e0151890.

	32.	 Makale MT, McDonald CR, Hattangadi-Gluth 
JA, et al. Mechanisms of radiotherapy-associated 
cognitive disability in patients with brain 
tumours. Nat Rev Neurol 2017; 13: 52–64.

	33.	 Geraghty AC, Gibson EM, Ghanem RA, et al. 
Loss of adaptive myelination contributes to 
methotrexate chemotherapy-related cognitive 
impairment. Neuron 2019; 103: 250–265.e258.

	34.	 Ongnok B, Chattipakorn N and Chattipakorn 
SC. Doxorubicin and cisplatin induced cognitive 
impairment: The possible mechanisms and 
interventions. Exp Neurol 2020; 324: 113118.

	35.	 Du J, Zhang A, Li J, et al. Doxorubicin-induced 
cognitive impairment: the mechanistic insights. 
Front Oncol 2021; 11: 673340.

	36.	 Thiery-Vuillemin A, Hvid Poulsen M, Lagneau 
E, et al. Impact of abiraterone acetate plus 
prednisone or enzalutamide on fatigue and 
cognition in patients with metastatic castration-

https://journals.sagepub.com/home/tan


L Xu, R Zhang et al.

journals.sagepub.com/home/tan	 15

resistant prostate cancer: initial results from the 
observational AQUARiUS study. ESMO Open 
2018; 3: e000397.

	37.	 Pilon D, Behl AS, Ellis LA, et al. Assessment 
of real-world central nervous system events in 
patients with advanced prostate cancer using 
abiraterone acetate, bicalutamide, enzalutamide, 
or chemotherapy. Am Health Drug Benefits 2017; 
10: 143–153.

	38.	 Ryan C, Wefel JS and Morgans AK. A review of 
prostate cancer treatment impact on the CNS 
and cognitive function. Prostate Cancer Prostatic 
Dis 2020; 23: 207–219.

	39.	 Cummings J. The role of neuropsychiatric 
symptoms in research diagnostic criteria for 
neurodegenerative diseases. Am J Geriatr 
Psychiatry 2021; 29: 375–383.

	40.	 Cummings J, Lanctot K, Grossberg G, et al. 
Progress in pharmacologic management of 
neuropsychiatric syndromes in neurodegenerative 
disorders: a review. JAMA Neurol 2024; 81: 
645–653.

	41.	 Vigen CL, Mack WJ, Keefe RS, et al. Cognitive 
effects of atypical antipsychotic medications in 
patients with Alzheimer’s disease: outcomes from 
CATIE-AD. Am J Psychiatry 2011; 168: 831–
839.

	42.	 Wolf A, Leucht S and Pajonk FG. Do 
antipsychotics lead to cognitive impairment 
in dementia? A meta-analysis of randomised 
placebo-controlled trials. Eur Arch Psychiatry Clin 
Neurosci 2017; 267: 187–198.

	43.	 Mittal V, Kurup L, Williamson D, et al. Risk 
of cerebrovascular adverse events and death in 
elderly patients with dementia when treated with 
antipsychotic medications: a literature review of 
evidence. Am J Alzheimers Dis Other Demen 2011; 
26: 10–28.

	44.	 Rubino A, Sanon M, Ganz ML, et al. Association 
of the US Food and Drug Administration 
antipsychotic drug boxed warning with 
medication use and health outcomes in elderly 
patients with dementia. JAMA Netw Open 2020; 
3: e203630.

	45.	 Cummings J, Isaacson S, Mills R, et al. 
Pimavanserin for patients with Parkinson’s 
disease psychosis: a randomised, placebo-
controlled phase 3 trial. Lancet 2014; 383: 
533–540.

	46.	 Deng Z, Liu J, Gong H, et al. Psychiatric 
disorders associated with PCSK9 inhibitors: 
a real-world, pharmacovigilance study. CNS 
Neurosci Ther 2024; 30: e14522.

	47.	 Yang W, Luo H, Ma Y, et al. Effects of 
antihypertensive drugs on cognitive function in 
elderly patients with hypertension: a review. Aging 
Dis 2021; 12: 841–851.

	48.	 Kinney JW, Bemiller SM, Murtishaw AS, 
et al. Inflammation as a central mechanism in 
Alzheimer’s disease. Alzheimers Dement (N Y) 
2018; 4: 575–590.

	49.	 Chou RC, Kane M, Ghimire S, et al. Treatment 
for rheumatoid arthritis and risk of Alzheimer’s 
disease: a nested case-control analysis. CNS 
Drugs 2016; 30: 1111–1120.

	50.	 Zhou M, Xu R, Kaelber DC, et al. Tumor 
necrosis factor (TNF) blocking agents are 
associated with lower risk for Alzheimer’s 
disease in patients with rheumatoid arthritis and 
psoriasis. PLoS One 2020; 15: e0229819.

	51.	 Tarkowski E, Andreasen N, Tarkowski A, et al. 
Intrathecal inflammation precedes development 
of Alzheimer’s disease. J Neurol Neurosurg 
Psychiatry 2003; 74: 1200–1205.

	52.	 Cacabelos R. Pharmacogenomics of cognitive 
dysfunction and neuropsychiatric disorders in 
dementia. Int J Mol Sci 2020; 21: 3059.

	53.	 Alsukhni RA, Johnson J and Nashef L. 
Valproate-induced reversible cognitive decline 
presenting as dementia and associated clinical 
features: a literature review. Seizure 2023; 111: 
45–50.

	54.	 Lewis C, Deshpande A, Tesar GE, et al. 
Valproate-induced hyperammonemic 
encephalopathy: a brief review. Curr Med Res 
Opin 2012; 28: 1039–1042.

	55.	 Pergolizzi JV Jr, LeQuang JA, Taylor R Jr, et al. 
Designing safer analgesics: a focus on mu-opioid 
receptor pathways. Expert Opin Drug Discov 2018; 
13: 965–972.

	56.	 By the American Geriatrics Society Beers 
Criteria Update Expert Panel. American 
Geriatrics Society 2019 Updated AGS Beers 
Criteria(R) for potentially inappropriate 
medication use in older adults. J Am Geriatr Soc 
2019; 67: 674–694.

	57.	 Ali TB, Schleret TR, Reilly BM, et al. Adverse 
effects of cholinesterase inhibitors in dementia, 
according to the pharmacovigilance databases of 
the United-States and Canada. PLoS One 2015; 
10: e0144337.

	58.	 Emre M, Bernabei R, Blesa R, et al. Drug profile: 
transdermal rivastigmine patch in the treatment 
of Alzheimer disease. CNS Neurosci Ther 2010; 
16: 246–253.

https://journals.sagepub.com/home/tan


Therapeutic Advances in 
Neurological Disorders Volume 18

16	 journals.sagepub.com/home/tan

	59.	 Lövborg H, Jönsson AK and Hägg S. A fatal 
outcome after unintentional overdosing of 
rivastigmine patches. Curr Drug Saf 2012; 7: 
30–32.

	60.	 She X, Yin D, Guo Q, et al. Electrolyte 
disorders induced by six multikinase inhibitors 
therapy for renal cell carcinoma: a large-scale 
pharmacovigilance analysis. Sci Rep 2024; 14: 
5592.

	61.	 Goldman JG and Sieg E. Cognitive impairment 
and dementia in Parkinson disease. Clin Geriatr 
Med 2020; 36: 365–377.

	62.	 Baiano C, Barone P, Trojano L, et al. Prevalence 
and clinical aspects of mild cognitive impairment 
in Parkinson’s disease: a meta-analysis. Mov 
Disord 2020; 35: 45–54.

	63.	 Takeda S, Rakugi H and Morishita R. Roles 
of vascular risk factors in the pathogenesis of 
dementia. Hypertens Res 2020; 43: 162–167.

	64.	 Rundek T, Tolea M, Ariko T, et al. Vascular 
cognitive impairment (VCI). Neurotherapeutics 
2022; 19: 68–88.

Appendix

Abbreviations
ADR	 adverse drug reaction
AE	 adverse event
FDA	 Food and Drug Administration
FAERS	� FDA Adverse Event Reporting 

System
MedDRA	� Medical Dictionary for Regulatory 

Activity
ROR	 reporting odds ratio
PRR	 proportional reporting ratio
PTs	 preferred terms
CI	 confidence interval
AF	 atrial fibrillation
AR	 androgen receptor
NPS	� neuropsychiatric symptoms of 

dementia
CATIE-AD	� Clinical Antipsychotic Trials of 

Intervention Effectiveness—
Alzheimer’s Dementia

AChEI	 acetylcholinesterase inhibitors
PD	 Parkinson’s disease
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