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Alzheimer’s disease (AD) is a major neurodegenerative disease, affecting more than two third cases of dementia in the world.
Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used anti-inflammatory analgesic agents representing 7.7% of
worldwide prescriptions of which 90% are in patients over 65 years old. Based on mixed findings a systematic review and
meta-analysis were conducted to develop a better understanding of the protective role of NSAIDs in AD. We used three database
PubMed, Web of Science, and Embase to identify the literatures. The studies following cohort and case-control design were
investigated separately to check the effect of NSAIDs on AD, by the using their fundamental indicators (relative risk and odds
ratio). The fixed effect or random effects model were used to estimate the pooled relative risk and pooled odds ratio separately
for both the study design, based on magnitude of heterogeneity. A total of 14 studies were selected for meta-analysis. Eight
studies were following cohort study design, whereas, six studies were following case-control study design. In meta-analysis of
cohort studies, the pooled relative risk was 0.67 with 95% C.1 0.39 to 1.15, which was statistically insignificant. In meta-analysis
of case-control studies, the pooled odds ratio was 0.71 with 95% C.I 0.46 to 1.10, which was statistically insignificant. NSAIDs
do not act as a protective factor for Alzheimer’s disease. Additionally, methodologically sound randomized controlled trials are

required to produce a robust result.
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INTRODUCTION

Alzheimer’s disease (AD) is the crucial neurodegen-
erative malady affecting the geriatric population. Two
third cases of dementia are affected due to AD across
globe (Aisen et al., 2002). Five million is the burden of
Alzheimer’s disease and related dementias in 2014 and
in 2015 it has been projected to be more than 13.9 mil-
lion by 2060 (CDC Newsroom, 2016). It along with other
dementias is a major global health challenge, which
may lead to a high cost of health (Prince et al., 2013,
2016; Wu et al., 2017). Multi factors which are respon-
sible for AD pathogenesis are age, environment, and
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genetic factors, along with the accumulation of senile
plaques and neurofibrillary tangles (Miguel-Alvarez et
al., 2015). The pathogenic cascade is initiated by either
all factors together or one leads to disease onset and
the subsequent factors are involved in disease progres-
sion (Talwar et al., 2016). As per neuroinflammatory
theory proposed for the pathogenesis of AD is after the
brain damage the inflammation of the microglia ap-
pears (Reines et al., 2004; Thal et al., 2005). The same
has been reported in the literatures based on the brain
of patients with AD. These studies have shown chron-
ically activated microglia and increased expression of
the cyclo-oxygenase-2 enzymes in neurotic plaques
and tangles (Cagnin et al., 2001).
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Non-steroidal anti-inflammatory drugs (NSAIDs)
are universally consumed anti-inflammatory analge-
sic factors representing worldwide prescriptions of
7.7%, out of which 90% are in patients over 65 years
old (Veronese et al., 2017). In the United States, the
NSAIDs users increased by 40% between years 2005
and 2010 of which 26% report using more than the
recommended dose (Etminan et al., 2003; Scarpini et
al., 2003; Zhou et al., 2014). Several epidemiological
studies have reported the protective role of NSAIDs
against AD on its prolonged use in low doses by slow-
ing down cognitive decline, especially in patients with
mild to moderate AD (Aisen et al., 2003). NSAIDs in-
hibit COX-2, which is unregulated in neurons leading
to neurodegeneration in AD (McGeer et al., 1996). In
addition to it, studies show that a small number of
NSAIDs like ibuprofen, sulindac acid, and indometh-
acin have anti-amyloidogenic activity in vivo, a func-
tion that is independent of COX inhibition (McGeer et
al., 1996; Stewart et al., 1997).

In literature, studies show contradictory observa-
tions. Veld et al. (2001) suggested that NSAIDs may be
useful in the treatment of AD whereas, Wichmann et
al. (2016) found no significant role of NSAIDs in the
progression of AD, Hence, a systematic review and me-
ta-analysis need to be conducted for generating prom-
ising evidence and to develop a better understanding
of the protective role of NSAIDs in AD.

METHODS
Design

This systematic review adhered to the Preferred Re-
porting Items for Systematic Reviews Meta-Analysis of
Observational Studies in Epidemiology (Stroup et al.,
2000) statements and followed a prior defined and pub-
lished protocol (Asthana et al., 2023a). Our protocol has
been registered on PROSPERO. The registration number
is CRD42022301179.

Search strategy to identify studies

Two investigators (ST and AA) independently
searched three databases (PubMed, Web Science, and
MEDLINE) from 1% January 2000 to 31 December 2021,
with no language restriction. Also, authors of studies
other than the English language were contacted to pro-
vide their English translations. The keywords used for
searching literature in the above-mentioned database
were “cohort” OR/AND “longitudinal” OR/AND “pro-
spective” OR/AND “case-control” OR/AND “retrospec-
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tive” OR/AND “Alzheimer disease” OR/AND “AD” OR/
AND “NSAIDs” OR/AND “NSAID” OR/AND “ibuprofen"
OR/AND “rofecoxib” OR/AND “celecoxib” OR/AND “as-
pirin” OR/AND “naproxen” OR/AND “nimesulide” OR/
AND “tarenflurbil” OR/AND “indomethacin” or more of
a combination of these terms.

The inclusion and exclusion criteria for
systematic review and meta-analysis

The eligibility criteria for including the study in
the present meta-analysis followed PECO (Morgan et
al., 2018) statement. P (Patients), Patients with Alzhei-
mer’s disease. E (Exposure), The patient’s exposed to
NSAID’s. C (Comparator), The patients not exposed to
NSAIDs. O (Outcome), The relative risk (RR) and odds
ratio (OR) reporting relationship between NSAIDs and
AD. Similarly, studies were excluded if: 1) They were
not conducted in humans and used non-placebo group;
2) for cohort study design, relative risk was not giv-
en and neither the data; 3) for the case-control study
design, odds ratio was not given and neither the data;
4) the studies which are not published in English and
also its translation is unavailable.

Data extraction

Two investigators (ST and AA) extracted data from
the articles in a standard file and third independent
investigator (RA) validated data extraction. The data
extraction from the selected studies for meta-analy-
sis were as follows: 1) last name of the author; 2) year
of the publication; 3) country; 4) study design; 5) to-
tal participant in study; 6) types of NSAIDs; 7) age of
participants; 8) duration of study; 9) total AD patients
in exposed group; 10) total AD patients in unexposed
group.

If relative risk and odds ratio are not given then the
reported frequency is used from the primary studies
for analysis.

The relationship between the NSAIDs use and AD
given by RR and OR in cohort and case-control study
designs, respectively. Also, the data to estimate the RR
and OR from both the respective designs were consid-
ered as an important outcome.

Quality of studies
Quality of studies included for meta-analysis was

done by Newcastle-Ottawa Scale (NOS) for non-ran-
domized studies (NEWCASTLE-OTTAWA SCALE CODING
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MANUAL FOR COHORT STUDIES - Health Disparities in
Quality Indicators of Healthcare Among Adults with
Mental Illness - NCBI Bookshelf, n.d.). Three areas in
which studies are judged by this scale are: 1) selection
of study groups; 2) comparability of the group’s; 3) as-
certainment of either exposure or outcome of interest
done by the star system.

Statistical analysis

The pooled RR and OR was estimated from cohort
and case control studies selected for meta-analysis,
respectively. The Q-statistic was used to examine the
heterogeneity across the studies and I>-statistic ex-
plains the degree of heterogeneity in effect size across
all the studies. Based on these two measures of hetero-
geneity (Q and 12), the appropriate model (fixed effect
model and random effects model) is chosen to generate
pooled effect size. If the degree of heterogeneity in ef-
fect size was significantly high (i.e., >>30%) random ef-
fect model is used; otherwise, fixed effect model is used
(Asthana et al., 2023b; Cochrane Handbook for System-
atic Reviews of Interventions, n.d.).
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The forest plot was made to display the result of
individual included studies along with their 95% con-
fidence interval and pooled effect size with its 95%
confidence interval is also displayed at the bottom
of the graph. The funnel plot, the graphical meth-
od to check the publication bias of studies was also
constructed. The funnel plot is a visual and informal
method to examine the publication bias, but there
are quantitative methods like the rank-correlation
test available to examine the existence of publication
bias. Both method (graphical and quantitative) will be
used in the present study. All the estimates and plots
were created by using “meta” package from RStudio
(4.3.1.).

RESULTS

Characteristics of study

The PRISMA flow chart presents the stage wise
selection of studies for meta-analysis (Fig. 1). A total
of 1400 relevant studies were identified during a lit-
erature search on the effect of NSAIDs for the treat-

Fig. 1. PRISMA flow chart for inclusion of studies for systematic review and meta-analysis. The total of 590 articles were screened and only 90 studies were
included following stringent inclusion criteria. Finally, 14 studies (8 cohort and 6 case-control studies) were included in final meta-analysis.
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ment of AD. Out of 590 screened studies, initially, 14
studies could be included for meta-analysis following
inclusion criteria, and the rest 580 studies were ex-
cluded. In 14 included studies, 8 were cohort studies
and 6 were case-control studies. The characteristics
of 14 studies included in meta-analysis is displayed in
Table 1.

In cohort studies, Zandi et al. (2002), Pp et al. (2002),
Wichman et al. (2016), and Aizen et al. (2005) used two
drugs, whereas, Cornelius et al. (2004) used three drugs
and Xue et al. (2018) used seven drugs, therefore a to-
tal number of studies becomes 19 for meta-analysis.
Similarly, In the case-control study, Broe et al. (2000)

Table 1. Characteristics table for studies selected for meta-analysis.
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used two drugs, therefore the total number of studies
becomes 7 for meta-analysis.

Meta-analysis of cohort studies

Meta-analysis was performed using 19 studies
with total number of 273728 participants. Heteroge-
neity across 19 studies in effect size was statistically
significant (Q=1802.68 and p<0.05). The degree of het-
erogeneity was 1’=99.0% with 95% C.I. 98.8% to 99.2%.
Therefore, random effect model was used to esti-
mate pooled RR. Nine studies have shown RR great-

Total AD pg‘t’lt:r'] tASDin
> Author Year Country Study Tp"cal Type of Age Duration patients in unexposed/
No. design participants NSAIDs exposed/ control

case group
group
cohort Rofecoxib, >44
1 Aizen et al. 2005 Israel study 49 ! 7 days 15 15
desi Ibuprofen years
esign
. case-control Aspirin, 75
2 Broe et al. 2000 Australia study 647 NSAIDs years 4 years 18 190
cohort >50
3 Chang et al. 2016 Taiwan study 28321 Aspirin 8 years 93 308
desi years
esign
cohort Aspirin >75
4 Corneliusetal. 2004 Sweden study 1301 [PIin 6 years 131 919
g NSAIDs years
esign
5 Dreganetal. 2015 UK case-control 20673 NSAIDs 72 14 years 42349 158460
study years
6 Landietal. 2003 Italy GEsts el 2708 NSAIDs 722 4 vears 56 269
study years
cohort 65
7 Linsday et al. 2002 Canada study 4615 NSAIDs 5years 45 1224
desi years
esign
cohort ~65
8 Veld et al. 2001 Netherlands study 6989 NSAIDs 8 years 3 210
desi years
esign
9 viad et al. 2008 USA case-control 5 46199 NSAIDs 74 5 years 20825 79134
study years
cohort Aspirin, 43
10 Wichmanetal. 2016 USA study 4926 non-aspirin T 2 years 214 133
design NSAIDs y
11 Wolfsonetal. 2002 Canada case-control 599 NSAIDs >75 1 years 17 327
study years
cohort e
12 Xue et al. 2019 Taiwan study 68676 ! 180 days 213 8137
desi naproxen, years
gn :
diclofenac
13 Yip et al. 2005 USA case-control 691 NSAIDs 70 6 years 24 66
study years
@Il Non-aspirin >65
14 Zandi et al. 2002 USA study 3227 NSAIDS years 3years 59 143

design
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er than 1 (1.32(1.02, 1.69), 1.11(0.89,1.40), 1.78(0.76,
4.19), 1.25(0.91, 1.72), 1.13(0.85, 1.50), 1.12(0.89, 1.40),
1.03(0.80,1.32), 1.74(0.67, 4.52), 1.01(0.70, 1.46)) and 10
studies shows RR less than 1 (0.16(0.05, 0.49), 0.66(0.41,
1.05), 0.93(0.63, 1.39), 0.64(0.51, 0.80), 0.82(0.54, 1.26),
0.56(0.24, 1.32), 0.32(0.10, 0.97), 0.77(0.37, 1.61),
0.01(0.01, 0.01), 0.97(0.47, 2.02). The pooled effect size
was 0.67 with 95% C.I. 0.39 to 1.15 which was statisti-
cally insignificant (p=0.15). The lowest weight was as-
signed to Veld et al. (2001) and Xue et al. (2018) 4.5%
and the highest weight was assigned to Linsday et al.
(2002), Aizen et al. (2005), Chang et al. (2016), and Xue
et al. (2018) is 5.6%. The forest plot represents the me-
ta-analysis of cohort studies (Fig. 2). The funnel plot
shows only 3 studies inside an inverted funnel (Fig. 3).
A rank correlation test shows statistically significant
result for publication bias (p<0.05).

Meta-analysis of case-control studies

Meta-analysis was performed using 7 studies with
total observations of 783826 and the number of events
was 301735. Heterogeneity across 7 studies in effect
size was statistically significant (Q=3554.89 and p<0.05).
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The degree of heterogeneity was 12=99.8% with a 95%
CI of 99.8% to 99.9%. Therefore, random effect model
was used to estimate pooled OR. Here, 1 study shows
OR greater than 1, [1.11(1.09, 1.12)] whereas 06 stud-
ies have shown an odds ratio less than 1 [0.47(0.24,
0.91), 0.28(0.12, 0.66), 0.65(0.33, 1.27), 0.77(0.57, 1.04),
0.49(0.31, 0.80), 0.87(0.86, 0.88)]. The pooled OR was 0.71
with 95% C.1 0.46 to 1.10, which was statistically insig-
nificant (p=0.12). Two studies (Vlad et al., 2008 and Dre-
gan et al., 2015) were given the highest weight (17.3%)
and Broe et al., 2000 got the lowest weight (10.3%). The
forest plot represents the meta-analysis of cohort stud-
ies (Fig. 4). The funnel plot shows 6 studies out of the
inverted funnel (Fig. 5). Rank-correlation test shows
a statistically insignificant result for publication bias
(p=0.88).

Quality of studies

NOS score for 7 cohort studies (Veld et al., 2001,
Linsday et al., 2002, Cornelius et al., 2004, Aizen et al.,
2005, Wichman et al., 2004, Chang et al., 2016, and Xue
et al., 2018) was above the threshold i.e., these stud-
ies came under good quality domain. Whereas, Zandi

Fig. 2. Graphical display of results of individual studies and summary effect size with 95% C.I for meta-analysis of relative risk. In meta-analysis of 19 cohort
studies, the |2 statistics was 99%. Hence, the pooled RR using random-effects model was 0.67 with 95% Cl 0.39 to 1.16.
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Fig. 3. Funnel plot to check publication bias of studies following cohort
study design. Only three studies were present inside the inverted funnel
created for case-control studies. Hence publication bias was present.

et al. (2002) came under fair quality domain. The NOS
results for cohort studies are displayed in Table 2.
For case-control studies, all the studies were in good
quality domain i.e., NOS score ranges from 8 to 9. The
NOS results for case-control studies are displayed in
Table 3.

DISCUSSION

The meta-analysis performed on the cohort study
design shows the insignificant result for use of NSAIDs
in AD. The graphical method and mathematical meth-
od shown the presence of publication bias. Similar-

Fig. 5. Funnel plot to check publication bias of studies following case-control
study design. Only one study was present inside the inverted funnel
created for case-control studies. Hence publication bias was present.

ly, the meta-analysis performed on the case-control
study design shows the insignificant result for use
of NSAIDs in AD. The publication bias was present by
use of the graphical method, but not by mathematical
method.

During the study, no evidence of the protective
effect of NSAIDs was observed across 8 cohorts and
6 case-control studies, when exposed to years before
the development of symptoms of AD. We can improve
our understanding on relationship between NSAIDs
and AD by making several conjectures. First, the age
of subjects taken in the present meta-analysis, out of
15 studies, 11 studies were done in diagnosed AD cases
having more than 65 years of age. AD starts to occur

Fig. 4. Graphical display of results of individual studies and summary effect size with 95% C.I for meta-analysis of odds ratio in Alzheimer's disease. In
meta-analysis of 07 case-control studies, the |? statistics was 100%. Hence, the pooled OR using random-effects model was 0.71 with 95% CI 0.46 to 1.10.
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Table 2. Newcastle-Ottawa scale result for cohort studies included in the meta-analysis.

Selection Comparability Outcome

Study Represen- Selection T)??n(igizms Comparability Sufficient Score
(year) tativeness of non- Ascertainment of the cohorton | Assessment Adequacy

of exposed exposed of exposure not present basis of design of outcome follpw P of follow-up
at the start of . time
cohort cohort or analysis
the study

Veld et al. * « * - o - - «

(2001) 9/9

Zandi
et a|. * * * * * 5/9

(2002)

Linsday
etal. * * * * * * * 7/9
(2002)

Cornelius
etal. X €3 * * * * * 7/9
(2004)

Aizen
et aL * * * * *%* * * 8/9
(2005)

Wichman
et a|. * * * * *% * * * 9/9

(2016)

Chang
etal. * * * * * * * 7/9
(2016)

Xue et al. P - " - - . -

(2018) 7/9

Table 3. Newcastle-Ottawa scale result for case-control studies included in the meta-analysis.

Selection Comparability Outcome

Study
(year)

Comparability of ) Same method
Adequate  Represen- ¢ 0 o Definition | cases and control | AScertain-

) for ascertain-
case tativeness . . ment of
- of controls  of controls | on basis of design ment of case
definition of cases

; exposure
or analysis P and control

Non- Score
response
rate

Broe et al. - - N B - « - B

(2000) 8/9

WOlfson * * * * * * * *

et al. (2002) e

Landi et al. - % * * % % % -

(2003) 8/9

Yip etal. * * * * *x * * *
(2005) 9/9

Vlad et al. * * * * ok * * *
(2008) 9/9

Dregan * * * * ** * * *
et al. (2015) 9/9
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over 20 years before cognitive decline with pathologi-
cal changes. Szekely et al. (2008a) suggested a reduced
risk of AD in NSAID users was significant in the young-
er age group. Hayden et al. (2007) also reported use of
NSAIDs before 65 years age group had lower cognitive
decline as compared to individuals more than 65 years
of age group. Therefore, it can be inferred that NSAIDs
might show a protective effect at an early stage of AD
but not effective in the later stage of AD. It suggested
performing RCT to study NSAID’s role as a protective
effect in AD after stratification of subjects by age. Sec-
ond, the duration of exposure to NSAIDs can be taken
as the second hypothesis similar to the age of subjects,
NSAIDs exposure for a long period cannot reverse the
outcome. As suggested by Szekely et al. (2008b) sub-
jects with less age have less risk of AD, therefore it can
be inferred that subjects who were exposed to NSAIDs
for a longer period have less risk of development of
AD. Third, the duration in the 15 studies included var-
ies from 7 days to 14 years, and the dosage of NSAIDs
varies from 12.5 mg to 1000 mg per day which could
be a major factor that may affect the therapeutic rel-
evance of Y-secretase modulator effect in AD subjects
(Szekely et al., 2004). Fourth, co-morbidities in AD sub-
jects may be taken as one of the important factors for
such results, which modifies the protective effect (Ve-
ronese et al., 2017). Fifth, apolipoprotein E in AD sub-
jects plays a vital role in the occurrence of the disease
(Szekely et al., 2008b). Every individual have a unique
gene, therefore NSAIDs will react differently for dif-
ferent individuals. APOE gene may alter the associa-
tion between NSAID use and the risk of developing AD.
Study Szekely et al. (2008) has found a lower risk of
AD only in NSAIDs users with an APOE<4 allele. Finally,
poor adherence to NSAIDs like aspirin and ibuprofen
due to its severe gastrointestinal effects leads to loss
of subjects in follow-up during these studies (Veronese
et al., 2017).

Subjects recruited in studies already have patho-
genesis set after microglia activation or they have
recent NSAID exposure as shown by Rotterdam and
Cache County observational studies (Veld et al., 2001;
Szekely et al., 2004). These studies show no protection
with NSAIDs used 2 years before the onset of demen-
tia. Subjects with the healthier brain (i.e., those sub-
jects whose onset of AD would be some years in the
future) exposed to NSAIDs may explain the weak but
non-significant protective effect of NSAIDs for AD,
as effect of NSAIDs exposure vary depending on the
stage of brain disease progression (ADAPT Research
Group et al., 2007). Asthana et al. (2023b), used the
different study design (randomized control trials),
shown insignificant result of NSAIDs as protective ef-
fect on AD.
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Any study is incomplete without its limitations,
similar to the current investigation had the following
limitations. First, studies included for meta-analysis
are few in number. Second, the dosage in each includ-
ed study varies by a huge margin. Third, for inclusion
of more studies, more studies are suggested to be done
on subjects with less than 65 years age and are in long
term use of NSAIDs. Fourth, no included study has as-
sessed the effect of genetic factors (like APOE geno-
type) association with NSAID use and AD risk.

Also, there are few strengths of our study. First, the
literature search strategy was rigorous. Second, the re-
search question was supported by clear eligibility cri-
teria. Third, each step in the review was done by mul-
tiple reviewers to ensure accuracy. Fourth, preferred
reporting items of a systematic review and meta-analy-
sis during the preparation of manuscript was followed.
Lastly, meta-analysis was conducted adhering guide-
lines Cochrane handbook of systematic review and me-
ta-analysis.

CONCLUSION

After conducting meta-analysis on observational
studies (cohort and case-control study design) there
was no evidence found to support that non-steroidal
anti-inflammatory drug act as a protective factor in
AD. Further, methodologically sound randomized con-
trolled trials are required to produce a robust result.

REFERENCES

ADAPT Research Group, Lyketsos CG, Breitner JCS, Green R C, Martin B
K, Meinert C, Piantadosi S, Sabbagh M (2007) Naproxen and celecoxib
do not prevent AD in early results from a randomized controlled trial.
Neurology 68: 1800-1808.

Aisen PS, Schafer KA, Grundman M, Pfeiffer E, Sano M, Davis KL, Farlow MR,
Jin S, Thomas RG, Thal LJ, Alzheimer’s Disease Cooperative Study (2003)
Effects of rofecoxib or naproxen vs. placebo on Alzheimer disease pro-
gression: A randomized controlled trial. JAMA 289: 2819-2826.

Aisen PS, Schmeidler J, Pasinetti GM (2002) Randomized pilot study
of nimesulide treatment in Alzheimer's disease. Neurology 58:
1050-1054.

Aizen E, Kagan G, Assy B, lobel R, Bershadsky Y, Gilhar A (2005) Effect of
non-steroidal anti-inflammatory drugs on natural killer cell activity in
patients with dementia. Isr Med Assoc ] 7: 78-81.

Asthana A, Agarwal R, Tripathi S (2023a) Non-steroidal anti-inflammatory
drugs as protective factor in Alzheimer's diseases: A systematic review
and meta-analysis protocol. Adv Alzheimer’s Dis 12: Article 2.

Asthana A, Tripathi S, Agarwal R (2023b) A systematic review and me-
ta-analysis of randomized control trials to check role of non-steroidal
anti-inflammatory drugs as protective factor in Alzheimer disease sub-
jects. Adv Alzheimer’s Dis 121: Article 1.

Broe GA, Grayson DA, Creasey HM, Waite LM, Casey BJ, Bennett HP,
Brooks WS, Halliday GM (2000) Anti-inflammatory drugs protect against
Alzheimer disease at low doses. Archives Neurol 57: 1586-1591.



394 Asthana et al.

Cagnin A, Brooks DJ, Kennedy AM, Gunn RN, Myers R, Turkheimer FE,
Jones T, Banati RB (2001) In-vivo measurement of activated microglia in
dementia. Lancet 358: 461-467.

CDC Newsroom (2016, January 1). CDC. https://www.cdc.gov/media/
releases/2018/p0920-alzheimers-burden-double-2060.html

Cochrane Handbook for Systematic Reviews of Interventions. (n.d.). Retrieved
August 17, 2023, from https://training.cochrane.org/handbook/current/.

Cornelius C, Fastbom ], Winblad,B, Viitanen M (2004) Aspirin, NSAIDs, risk
of dementia, and influence of the apolipoprotein E epsilon 4 allele in an
elderly population. Neuroepidemiology 23: 135-143.

Etminan M, Gill S, Samii A (2003) Effect of non-steroidal anti-inflammatory
drugs on risk of Alzheimer’s disease: Systematic review and meta-analy-
sis of observational studies. BM) 327: 128.

Hayden KM, Zandi PP, Khachaturian AS, Szekely CA, Fotuhi M, Norton MC,
Tschanz JT, Pieper CF, Corcoran C, Lyketsos CG, Breitner JCS,
Welsh-Bohmer KA, Cache County Investigators (2007) Does NSAID use
modify cognitive trajectories in the elderly? The Cache County study.
Neurology 69: 275-282.

in t' Veld BA, Ruitenberg A, Hofman A, Launer LJ, van Duijn CM, Stijnen T,
Breteler MM, Stricker BH (2001) Nonsteroidal antiinflammatory drugs
and the risk of Alzheimer's disease. N Engl ] Medicine 345: 1515-1521.

McGeer PL, Schulzer M, McGeer EG (1996) Arthritis and anti-inflammatory
agents as possible protective factors for Alzheimer’s disease: A review of
17 epidemiologic studies. Neurology 47: 425-432.

Miguel-Alvarez M, Santos-Lozano A, Sanchis-Gomar F, Fiuza-Luces C,
Pareja-Galeano H, Garatachea N, Lucia A (2015) Non-steroidal anti-in-
flammatory drugs as a treatment for Alzheimer’s disease: A system-
atic review and meta-analysis of treatment effect. Drugs Aging 32:
139-147.

Morgan RL, Whaley P, Thayer KA, Schiinemann HJ (2018) Identifying the
PECO: A framework for formulating good questions to explore the as-
sociation of environmental and other exposures with health outcomes.
Environment Int 121: 1027-1031.

NEWCASTLE-OTTAWA SCALE CODING MANUAL FOR COHORT STUDIES -
Health Disparities in Quality Indicators of Healthcare Among Adults with
Mental Ililness—NCBI Bookshelf. (n.d.). Retrieved August 18, 2023.

Prince M, Ali GC, Guerchet M, Prina AM, Albanese E, Wu YT (2016) Recent
global trends in the prevalence and incidence of dementia, and survival
with dementia. Alzheimer’s Res Ther 8: 23.

Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP (2013) The glob-
al prevalence of dementia: A systematic review and metaanalysis. Alz-
heimer’s Dementia 9: 63-75.

Reines SA, Block GA, Morris JC, Liu G, Nessly ML, Lines CR, Norman BA,
Baranak CC, Rofecoxib Protocol 091 Study Group (2004) Rofecoxib: No
effect on Alzheimer’'s disease in a 1-year, randomized, blinded, con-
trolled study. Neurology 62: 66-71.

Scarpini E, Scheltens P, Feldman H (2003) Treatment of Alzheimer's dis-
ease: Current status and new perspectives. Lancet Neurol 2: 539-547.
Stewart WF, Kawas C, Corrada M, Metter EJ (1997) Risk of Alzheimer's dis-

ease and duration of NSAID use. Neurology 48: 626-632.

Stroup DF, Berlin JA, Morton SC, Olkin |, Williamson GD, Rennie D, Moher D,

Becker BJ, Sipe TA, Thacker SB (2000) Meta-analysis of observation-

Acta Neurobiol Exp 2023, 83: 386-394

al studies in epidemiology: A proposal for reporting. Meta-analysis
Of Observational Studies in Epidemiology (MOOSE) group. JAMA 283:
2008-2012.

Szekely CA, Breitner JCS, Fitzpatrick AL, Rea TD, Psaty BM, Kuller LH,
Zandi PP (2008a) NSAID use and dementia risk in the Cardiovascular
Health Study: Role of APOE and NSAID type. Neurology 70: 17-24.

Szekely CA, Green RC, Breitner JCS, @stbye T, Beiser AS, Corrada MM,
Dodge HH, Ganguli M, Kawas CH, Kuller LH, Psaty BM, Resnick SM,
Wolf PA, Zonderman AB, Welsh-Bohmer KA, Zandi PP (2008b) No advan-
tage of A beta 42-lowering NSAIDs for prevention of Alzheimer demen-
tia in six pooled cohort studies. Neurology 70: 2291-2298.

Szekely CA, Thorne JE, Zandi PP, Ek M, Messias E, Breitner JCS,
Goodman SN (2004) Nonsteroidal anti-inflammatory drugs for the
prevention of Alzheimer's disease: A systematic review. Neuroepide-
miology 23: 159-169.

Talwar P, Sinha J, Grover S, Rawat C, Kushwaha S, Agarwal R, Taneja V,
Kukreti R (2016) Dissecting complex and multifactorial nature of Alzhei-
mer's disease pathogenesis: A clinical, genomic, and systems biology
perspective. Mol Neurobiol 53: 4833-4864.

Thal L, Ferris SH, Kirby L, Block GA, Lines CR, Yuen E, Assaid C, Nessly ML,
Norman BA, Baranak CC, Reines SA, Rofecoxib Protocol 078 study
group (2005) A randomized, double-blind, study of rofecoxib in pa-
tients with mild cognitive impairment. Neuropsychopharmacology 30:
1204-1215.

Veronese N, Stubbs B, Maggi S, Thompson T, Schofield P, Muller C,
Tseng PT, Lin PY, Carvalho AF, Solmi M (2017) Low-dose aspirin use and
cognitive function in older age: A systematic review and meta-analysis.
J Am Geriatr Soc 65: 1763-1768.

Vlad SC, Miller DR, Kowall NW, Felson DT (2008) Protective effects of
NSAIDs on the development of Alzheimer disease. Neurology 70:
1672-1677.

Wichmann MA, Cruickshanks K], Carlsson CM, Chappell R, Fischer ME, Klein
BEK, Klein R, Schubert CR (2016) NSAID use and incident cognitive im-
pairment in a population-based cohort. Alzheimer Dis Assoc Disord 30:
105-112.

Wu YT, Beiser AS, Breteler MMB, Fratiglioni L, Helmer C, Hendrie HC,
Honda H, lkram MA, Langa KM, Lobo A, Matthews FE, Ohara T, Péres K,
Qiu C, Seshadri S, Sjélund BM, Skoog |, Brayne C (2017) The changing
prevalence and incidence of dementia over time - Current evidence. Nat
Rev Neurol 13: 327-339.

Xue YH, Peng YS, Ting HF, Peijer Hsieh J, Huang YK, Wang YH, Chiou JY,
Wei JCC (2018) Etoricoxib and diclofenac might reduce the risk of
dementia in patients with osteoarthritis: A nation-wide, popula-
tion-based retrospective cohort study. Dement Geriatr Cogn Disord
45:262-271.

Zandi PP, Anthony JC, Hayden KM, Mehta K, Mayer L, Breitner JC; Cache
County Study Investigators (2002) Reduced incidence of AD with NSAID
but not H2 receptor antagonists: the Cache County Study. Neurology
59: 880-886.

Zhou Y, Boudreau DM, Freedman AN (2014) Trends in the use of aspirin
and nonsteroidal anti-inflammatory drugs in the general U.S. popula-
tion. Pharmacoepidemiol Drug Saf 23: 43-50.



