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Abstract

Background: Alzheimer’s disease is the major neurodegenerative disease, af-
fecting more than two third cases of dementia in the world. NSAIDs are
widely used anti-inflammatory analgesic agents representing 7.7% of world-
wide prescriptions of which 90% are in patients over 65 years old. Based on
mixed findings observed by different RCTs, a systematic review and me-
ta-analysis were conducted to develop a better understanding of the protec-
tive role of Non-steroidal anti-inflammatory drugs (NSAIDs) in AD. Me-
thods: Database search was Pubmed, WebScience, and Embase. RCTs inves-
tigating the effect of NSAIDs on AD or test scores assessing cognitive func-
tion in people without AD at baseline were included. Three indicators were
MMSE Score, ADAS-cog score, and CDR-sob. 10 studies were included in the
present Meta-analysis. Results: For the ADAS-cog score, the pooled effect
size was —0.31 with 95% CI —0.06 to 0.02, which was statistically significant (p
= 0.03). MMSE score difference, the pooled effect size was —0.06 with 95% CI
—0.22 to 0.10, which was statistically insignificant (p-value = 0.47). For the
MMSE average score, the pooled effect size was —0.002 with 95% CI —0.03 to
0.07, which was statistically insignificant (p-value = 0.87). For the CDR-sob
score difference, the pooled effect size calculated using the random effect
model was —0.06 with 95% CI —0.39 to 0.05 which was statistically insignifi-
cant (p = 0.14). For CDR-sob average score, the pooled effect size calculated
using the random effect model was 0.21 with 95% CI —0.09 to 0.51, which was
statistically insignificant (p-value = 0.17). Conclusion: Present Meta-analysis
shows that NSAIDs in general are not effective in the treatment of AD. They
also have no protective effect against the development of AD on their sus-
tained use.
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1. Background

Alzheimer’s disease (AD) is the major neurodegenerative disease affecting the
geriatric population, affecting more than two third cases of dementia in the
world [1]. The burden of Alzheimer’s disease and related dementias in 2014 was
5 million in 2015 which has been projected to be more than 13.9 million by 2060
[2]. It along with other dementias is a major global health challenge, which may
lead to a high cost of health [3] [4] [5]. Multifactor-like age, environment, and
genetic factors, along with the accumulation of senile plaques and neurofibrillary
tangles [6] are responsible for the pathogenesis of AD. Either all factors initiate
the pathogenic cascade together or one lead to disease onset and the subsequent
factors are involved in disease progression [7]. As per neuroinflammatory theory
proposed for the pathogenesis of AD, inflammation of the microglia appears be-
fore brain damage [8] [9]. The same has been reported in the literature based on
the study of the brain of patients with AD. These studies have shown chronically
activated microglia and increased expression of the cyclo-oxygenase-2 enzymes
in neurotic plaques and tangles [10] [11].

Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used anti-infla-
mmatory analgesic agents representing 7.7% of worldwide prescriptions of
which 90% are in patients over 65 years old [12]. In the United States, there has
been a 40% increase in over-the-counter NSAID use between 2005 and 2010 of
which 26% reported using more than the recommended dose [13] [14] [15].
Several epidemiological studies have reported the protective role of NSAIDs
against AD on its prolonged use in low doses by slowing down cognitive decline,
especially in patients with mild to moderate AD [16]. NSAIDs inhibit COX-2,
which is upregulated in neurons leading to neurodegeneration in AD [16]. In
addition to it, studies show that a small number of NSAIDs like ibuprofen, su-
lindac acid, and indomethacin have ant-amyloidogenic activity in vivo, a func-
tion which is independent of COX inhibition [17] [18].

In literature, studies show contradictory observations. Aisen et al [16] sug-
gested that NSAIDs may be useful in the treatment of AD whereas, Reines et al.
[8] found no significant role of NSAIDs in the progression of AD. Hence a sys-
tematic review and meta-analysis need to be conducted for generating promising
evidence and to develop a better understanding of the protective role of NSAIDs
in AD.

2. Methods and Material
2.1. Design

This systematic review adhered to the Preferred Reporting Items for Systematic
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Reviews and Meta-Analysis (PRISMA) and followed a prior defined but unpub-
lished protocol [19].

2.2. Protocol Registration

Our protocol has been registered on PROSPERO. Registration number is
[CRD42022301179].

2.3. Data Source and Literature

Two investigators (ST & AA) independently searched three databases PubMed,
WebScience, and MEDLINE for the studies published between 1* January 2000
to 31* December 2021, with no language restriction. Studies published in anoth-
er language than English were included if their English translation is available.
Also, the authors of studies other than the English language were contacted to
provide their English translations.

To evaluate the use of NSAIDs as a treatment for AD in subjects with proven
or probable ADs, the effect of NSAIDs on AD or test scores assessing cognitive
function in people without AD at baseline were included.

keywords used for searching kinds of literature in the above-mentioned data-
base where “RCT”, “Alzheimer’s Disease”, “AD”, “NSAIDs”, “NSAID”, “ibupro-

» o« » o« » o«

fen”, “Rofecoxib”, “celecoxib”, “Aspirin”, “Naproxen”, “Nimesulide”, “Taren-

flurbil” and “indomethacin” or more of a combination of these terms.

2.4. Indicators Used in Meta-Analysis

There is a total of three indicators used in the Meta-analysis from the RCT study
design to assess the effect of NSAIDs on AD.

2.4.1. AD Assessment Scale-Cognitive Subscale (ADAS-COG)
This scale focused on AD subjects’ cognition that includes 11 items to assess
memory, understanding, temporal and spatial orientation, and spontaneous
speech. 00 to 70 is the total score range, with higher scores indicating the worst
cognitive function (10).

The above-mentioned scale was developed in the 1980s, with aim of assessing
the level of cognitive dysfunction in AD. This scale is the Gold standard for as-
sessing the efficacy of anti-dementia treatments. The ADAS-cog was developed

to use in studies with dementia where there is severe cognitive impairment [20].

2.4.2. The Mini-Mental State Examination (MMSE)

This score is widely used to assess memory problems. It is defined by question
and test. The maximum score is 30 points. A score between >27 is considered
normal, a score between 10 & 26 indicates mild-to-moderate AD, and a score
<10 indicates severe AD [19].

2.4.3. Clinical Dementia Rating Scale—Sum of Boxes (CDR-Sob)
CDR-sob is a useful scale to examine the AD severity with global assessment

measures. This scale helps in the management, communication, and rapid selec-
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tion of treatments which is approved for different stage of AD.

Compared with the Washington University Clinical Dementia Scale (CDR),
CDR-sob considers more detailed quantities general index, and more informa-
tion is provided in subjects with mild-to-moderate dementia. CDR-sob score
combines both scores in a single score.

Memory, Orientation, Judgement, Problem-Solving, Hobbies, and Personal
Care are 06 items included in the score. Each domain is rated on a 5-point scale
from 0 (normal) to 3 (severe dementia) so that the final result varies from 0 to 18
[21].

2.5. Study Selection

The eligibility criteria for including the study in the present Meta-analysis were
as follows:

1) Studies conducted on a population of age 55 years and above.

2) Randomized Clinical Trials, to evaluate the use of NSAIDs as a treatment
for AD in subjects with Alzheimer’s.

3) Studies using diagnostic criteria NINDS-AIREN for the outcome of AD
describe exposure to NSAIDs.

4) Paper published in English Language only.

5) Studies published from 2000 to 2021.

Studies were excluded if:

1) They were not conducted on humans and used a non-placebo group.

2) The RCTs where mean difference or mean score was not able to calculate
from a data set.

3) The studies are not published in English and also its translation is unavaila-
ble.

2.6. Data Extraction

Two investigators (ST & AA) extracted data from the articles in a standard file &
third independent investigator (RA) validated data extraction. For experimental
study design, data collected from each paper are shown in Table 1 as follows: the
study subjects’ characteristics (number of groups and number of participants in
each group); the characteristics of the subject (subject type, age, range); the ex-
perimental treatment (type of treatment, active ingredients, dose, frequency of
dose and duration of treatment); the results (mainly quantitative scores of dif-
ferent cognitive tests expressed as mean and SD between baseline and the last
follow-up assessment).

If in studies data were reported as mean and Standard Error, the Standard Er-

ror was transformed into SD using the formula SD =S.E.* Jn.

2.7. Outcomes

The change between follow-up and baseline on a test assessing cognition (MMSE,
ADAS-cog, CDR-sob) was determined for subjects without AD at baseline in
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Table 1. Characteristics table of studies selected for meta-analysis.

Frequency

Study (year) N (% of female) Age (SD) Treatment Dose (mg) (dose/day) Duration
19 (47.4 74 (8.7 Placeb 2 84
Aisen et al. (2002) ( ) 8.7) . ace (,)
21 (38.1) 73 (9.1) Nimesulide 100 2 84
111 (55.9) 73.8 (8.0) Placebo 2 365
Aisen et al. (2003) 118 (48.3) 74.1 (7.8) Naproxen 220 2 365
122 (54.9) 73.7 (7.2) Rofecoxib 25 1 365
732 (31.1 74.8 (6.0 Placeb 1 1460
Thal et al. (2005) (3L.1 (6.0) acevo
723 (34.3) 75.1 (6.0) Rofecoxib 25 1 1460
, 66 (65.0) 74.0 (7.8) Placebo 2 365
Pasqualetti et al. (2009)
66 (61.0) 73.7 (7.3) Ibuprofen 400 2 365
17 (70.8% 74 (6.5 Placeb
Babiloni et al, (2009) (70.89%) (6.5) acebo 365 days
18 (78.2%) 75.6 (6.7) Ibuprofen 400
19 (76.0) 72.2 (9) Placebo 1 365
t al. (2008
Jong et al. (2008) 19 (53.8) 72.7 (6.9) Indomethacin 100 1 365
809 (52.5) 74.7 (8.4) Placebo 800 2 540
G t al. (2009
reen et al. (2009) 840 (49.4) 74.6 (8.5) Tarenflurbil 2 540
92525 (56.4) 65 - 73 years Placebo 1 1716
Ryan et al (2004) ] .
9589 (56.4) (median age group) Asprin 100 1 1716
46 (41.0) 75.6 (6.8) Placebo 2 365
Wilcock et al. (2008
ileock et al. (2008) 48 (50.0) 75.7 (7.6) Tarenflurbil 800 2 365
722 (NR) NR Placebo 1 1460
Jeannie et al. (2011) 722 (NR) NR Naproxen 220 1 1460
1084 (NR) NR Celecoxib 200 1 1460

taking NSAIDs and the control group (placebo). For the MMSE score both mean
difference and mean score was used separately. Similarly, for CDR-sob both

mean difference and mean score was used separately.

2.8. Data Synthesis & Statistical Analysis

All analysis was done using RStudio. A meta-analysis to estimate the overall
treatment effect of AD with NSAIDs relative to placebo was performed. The
Pooled Standardized mean differences across all NSAIDs (last evaluation at the
end of follow-up minus baseline data) were computed using the fixed effect
model and Random effect model.

When there was significant heterogeneity in effect size across all studies,
Q-statistics was used to examine this heterogeneity, which follows chi-square
distribution and I*-statistics was also calculated which explains the degree of
heterogeneity in effect size across all the studies [22]. Heterogeneity in Meta-
analysis means effect sizes vary from study to study, therefore identifying these
effect sizes and quantifying Heterogeneity is an important point to be consi-
dered. Based on these two measures of heterogeneity (Q and I?), the appropriate
model (Fixed effect Model Vs Random effect Model) is chosen to calculate a
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pooled effect size. If the degree of heterogeneity in effect size was significantly
high (ie I* > 30%) Random effect model is used; otherwise fixed effect model is
used. The I” statistic is an intuitive and simple expression of the inconsistency of
studies’ results. Unlike Q statistics, it does not inherently depend upon the
number of studies considered [22]. Therefore, the I? statistic must be calculated
along with a 95% confidence interval while conducting any meta-analysis to ex-
plore the degree of heterogeneity in effect size across various selected studies.
Forest Plot was made to display the result of the present meta-analysis. A
funnel plot, the graphical method 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 quantitative methods (rank-correlation test) were also

used to examine the association between effect size and variance.

3. Results
3.1. Characteristics of Study

A total of 1200 relevant studies were identified during the literature search on
the effect of NSAIDs on the treatment of AD. Out of 490 studies, initially, 10
studies could be included for meta-analysis following inclusion criteria, and the
rest of 480 studies were excluded (Figure 1).

NSAIDs used in 10 studies were Ibuprofen, Indomethacin, Tarenflurbil, Aspi-
rin, Rofecoxib, Naproxen and Celecoxib. Among 10 studies, a meta-analysis was
performed based on MMSE score, MMSE mean difference, ADAS-cog, CDR-sob
score, and CDR-sob mean difference. The study characteristics of these studies
are summarised in Table 1. 10 studies included in the Meta-analysis had repre-
sentation from 108,436 subjects, out of which 13,370 were treated with NSAIDs
and 95,066 with placebo.

Identification of new studies via databases and registers Identification of new studies via other methods

.§ Records removed before screening: Fewems R fan
g Records identfied from: Duplicate records (n = 450) e\?vtgb:itleser(]r: 535"00)""
£ Databases (n = 1,200) R Records marked as ineligible by Organisations (n = 20)
5 automation tools (n = 260) g
o
Records screened Records excluded

(n =490) (n =20)
=
s Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
o (n =470) (n=70) (n=370) " (n=0)
é.))

Reports assessed for eligibility Reports excluded: Reports assessed for eligibility » Reports excluded:

(n = 400 data not available (n = 390) (n = 370) data not available (n = 370)
o New studies included in review
{53 =
° n=10 -
T:> Reports of new included studies
< (n=0)

Figure 1. Flow diagram for selection of studies in systematic review and meta-analysis.

DOI: 10.4236/aad.2023.121001

6 Advances in Alzheimer’s Disease


https://doi.org/10.4236/aad.2023.121001

A. Asthana et al.

For ADAS-cog score, 01 study (Aisen 2002 [1]) used 02 drugs and 01 study
(Wilcock et al. 2008 [23]) used 02 dosages of the drug, therefore the number of
studies used for meta-analysis of ADAS-cog score was 08. For the MMSE score,
03 studies were used for meta-analysis. For MMSE score difference, 01 study
(Jennie et al 2012 [24]) used two drugs therefore the number of studies used for
meta-analysis of MMSE score difference was 05. For the CDR-sob score, total of
02 studies were used for meta-analysis. For CDR-sob score difference, 01 study
(Aisen et al 2003 [16]) used 02 drugs and 01 study (Wilcock et al 2008 [23])
used two dosages of the drug, therefore the total number of studies in me-

ta-analysis becomes 07 for this particular score.

3.2. Result of Meta-Analysis

ADAS-cog Score
Meta-analysis was performed on 08 studies with 2380 observations. Hetero-

geneity across 08 studies in effect size was statistically significant (Q-value =
37.95, p-value< 0.0001), but the degree of heterogeneity was I> = 81.6% with 95%
C.I164.7% to 90.4%. Therefore, random-effect-model was used to summarize the
ADAS-cog score. Forest plot to display the result of meta-analysis is shown in
Figure 2. 02 studies (Pasqualetti et a/ 2007 [25] and Green et al 2009 [26])
shown positive SMD [0.00 (—0.34, 0.34), 0.02 (-0.08, 0.12)]. Whereas, 06 studies
(Aisen et al 2002 [1], Aisen et al. 2003 [16], Jong et al. 2008 [27], Wilcock et al
2008 [23]) shown negative SMD —-0.45 (-1.08, 0.18), —0.01 (-027, 0.25), —0.24
(-0.50, 0.02), —0.17 (—0.80, 0.47), —1.19 (1.63, —0.75), —0.66 (-1.11, —0.22). The
pooled effect size was —0.31 with 95% CI —0.60 to 0.02, which was statistically
significant (p-value = 0.03). Green et al 2009 [26] were assigned the highest
weight (15.9%), whereas Jong et al 2008 [27] were assigned the lowest weight
(9.1%) due to the small sample size.

The funnel plot (Figure 3) shows 02 studies out of the inverted funnel; there-
fore it indicates the presence of publication Bias. Rank-correlation test shows the
statistically insignificant result of publication bias (p-value = 0.32).

MMSE average score
Meta-analysis was performed on 03 studies with 18263 numbers of subjects.

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
Aisen et al (2002) 19 -050 43000 21 0.90 0.9000 + -0.45 [-1.08; 0.18] 1.6% 9.2%
Aisen et al (2003) 118 -5.80 8.0000 111 -570 8.2000 —i— 0.01 [-0.27; 0.25] 9.7% 14.4%
Aisen et al (2003) 122 -760 7.7000 111 -570 8.2000 —*—i -0.24 [-0.50; 0.02] 9.8% 14.4%
Pasqualetti et al (2007) 66 -3.10 10.5600 66 -3.10 10.5600 H 0.00 [-0.34; 0.34] 5.6% 13.3%
Jong et al (2008) 19 780 76000 19 930 100000 | -0.17 [-0.80; 0.47] 16% 91%
Wilcock et al (2008) 43 220 27700 46 564 29800 —— : -1.19 [-1.63;-0.75] 3.4% 11.9%
Wilcock et al (2008) 36 372 27000 46 5.64 29800 —_—! 066 [[1.11;-0.22] 3.2% 11.7%
Green et al (2009) 786 7.27 105200 746 7.08 9.2400 ! 0.02 [-0.08; 0.12] 65.0% 15.9%
Common effect model 1214 1166 -0.08 [-0.16; 0.00] 100.0% --
Random effects model == | -0.31 [-0.60; -0.02] - 100.0%

Heterogeneity: 12 = 82%, <2 = 0.1363, p < 0.01 T roT
15 1 05 0 05 1 15

Figure 2. Forest plot showing the effects size of all studies included for meta-analysis and summary effect size of in-
dicator ADAS-cog with their respective C.1.
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1 1 1 1

1

Standard Error
0.30 0.25 0.20 0.15 0.10 0.05 0.00

1

1

T
-1.0 -0.5 0.0 0.5

Standardised Mean Difference

Figure 3. Funnel plot for publication bias for studies included in the meta-analysis of ADAS-cog.

Heterogeneity across 03 studies in effect size was statistically insignificant.
(Q-value = 3.48, p-value = 0.17). Degree of Heterogeneity was I* = 42.5% with
95% CI 0.0% to 82.7%. Therefore Random-effect model was used to summarize
the result of the MMSE score. Forest plot to display the result of the meta-
analysis is shown in Figure 4. 01 study (Ryan ef a/ 2004 [28]) shows null SMD
0.0 (-1.61, 0.10), whereas 02 studies (Thal et al 2005 [9], Babiloni et al 2009
[29]) show negative SMD [-0.04 (-0.15, 0.07), —0.76 (1.61, 0.10)]. The pooled
effect size was —0.0024 with 95% C.I. —0.03 to 0.02, which was statistically insig-
nificant (p = 0.87). Babiloni et al 2009 [29] were assigned the lowest weight
(0.1%), whereas the highest weight (93.2%) was assigned to Ryan et al 2020 [28].

The funnel plot (Figure 5) shows no study out of the inverted funnel, there-
fore no publication bias was present. Rank-correlation test shows statistically in-
significant results of publication bias (p-value = 0.11).

MMSE score difference

Meta-analysis was performed on 05 studies with 5025 subjects. Heterogeneity
across 05 studies in effect size was statistically significant (Q-value = 27.23,
p-value < 0.0001). The degree of Heterogeneity was I* = 85.3% with 95% C.I
67.5% to 93.4%. Therefore Random effect model was used to summarize the re-
sult of the MMSE difference score. Forest plot to display the result of me-
ta-analysis is shown in Figure 6. 02 studies (Jong et al 2008 [27], Jennie et al
2011 [24]) shows positive SMD [0.40 (-0.25, 1.04), 0.09 (0.00, 0.19)] and 03 stu-
dies (Pasqualetti et al 2009 [25], Green et al 2009 [26] and Jennie et al 2011
[24]) shows negative SMD [-0.13 (-0.48, 0.21), —0.07 (-0.19, 0.04), —0.25
(—0.34, 0.15)]. The pooled effect size was —0.06 with 95% C.I. —0.22 to 0.10,
which was statistically insignificant (p-value = 0.47).

The lowest weight (5.2%) was observed in a study by Jong et al 2008 [27] and
the highest weight (27.6%) was observed in the study by Jennie et al. 2011 [24].

The funnel plot (Figure 7) shows two studies out of the inverted funnel;
therefore publication bias was present in the study. Rank-correlation test statis-

tically insignificant result of publication bias (p-value = 1).
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Study

Thal et al (2005)
Babiloni et al (2009)
Ryan et al (2020)

Common effect model
Random effects model
Heterogeneity: I~ = 42%, 1~

Total Mean

Control
SD

Experimental
SD Total Mean

624 27.20 2.5000 659 27.30 2.4000

13 20.90 2.8000 10 23.00 2.5000
8895 94.20 4.8000 8974 94.20 4.8000
9532 9643

<0.0001, p = 0.18

Standardised Mean Weight Weight
Difference SMD 95%-Cl (common) (random)

- -0.04 [-0.15;0.07] 6.7% 6.7%

e — 0.76 [-1.61;0.10] 0.1% 0.1%
0.00 [-0.03;0.03] 93.2% 93.2%

-0.00 [-0.03; 0.02] 100.0% -

-0.00 [-0.03; 0.02] - 100.0%

I I I I I |
15 1 05 0 05 1 15

Figure 4. Forest plot showing the effects size of all studies included for meta-analysis and summary effect size for indicator

MMSE average score with their respective C.1.

0.0
I

Standard Error

04 03 02 o041

\
IR

E Tt 4
5

o
o

Standardised Mean Difference

Figure 5. Funnel plot for publication bias for studies included in the meta-analysis of MMSE

average score.

Experimental Control

Study Total Mean SD Total Mean SD
Jong et al (2008) 19 -3.40 4.3000 19 -540 5.5000
pasqualetti et al (2009) 66 210 4.0600 66 270 4.8000
Green et al (2009) 630 -365 51300 615 -327 50900
Jeannie et al (2012) 722 2490 492000 1083 -11.23 59.2000
Jeannie et al (2012) 722 1.12 194.1000 1083 -11.23 59.2000
Common effect model 2159 2866

Random effects model

Heterogeneity I~ = 85%, 1~ = 00223, p =001

Standardised Mean Weight Weight
Difference SMD 95%-Cl| (common) (random)
—:* 0.40 [-0.25; 1.04] 0.8% 5.2%
— -0.13 [-0.48; 0.21] 2.7% 12.9%
~S8r -0.07 [0 19' 0.04] 25 6% 26.6%
- -0.25 [0.34;-0.15] 35.4% 27.6%
E == 0.09 [0.00; 0.19] 35.6% 27.6%
P
<:> -0.07 [-0.13; -0.02] 100.0% --
[ | =<:IP | | -0.06 [-0.22; 0.10] --  100.0%
-1 05 0 0.5 1

Figure 6. Forest plot showing the effects size and summary effect size of all studies included for meta-analysis using indicator

MMSE score difference with their respective C.I.

o
S
o
— o .7 . ©
= -~ \\
s 2 |
— < e N
w o
1B
T O -~ o \\
T N
§ o -
-— Pid Sl
w . L .
o L ‘e
o - o .
T T I T T T T
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

Standardised Mean Difference

Figure 7. Funnel plot for publication bias for studies included in the meta-analysis of MMSE

score difference.
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CDR-sob Score difference
Meta-analysis was performed on 06 studies with 2246 subjects. Heterogeneity

across 07 studies in effect size was statistically significant. (Q-value = 25.31,
p-value = 0). The degree of Heterogeneity was I* = 76.3% with 95% C.I 50.2% to
88.7%. Therefore Random-effect-model was used to summarize the result of the
CDR-sob score difference. A Forest plot to display the result of the meta-analysis
is shown in Figure 8. 01 studies (Aisen et al 2003 [16]) shown null SMD [0.00
(-0.26, 0.26)]. 01 study (Green et al 2009 [26]) shown positive SMD [0.15 (0.05,
0.25)], whereas 05 studies (Aisen et al. 2002 [1], Aisen et al. 2003 [16], Wilcock
et al. 2008 [23], Pasqualetti et al 2009 [25]) shows negative SMD [-0.38 (-1.00,
0.25), —0.04 (-0.30, 0.21), —0.74 (-1.16, 0.32), —0.38 (—1.82,-0.06), —0.17 (-0.51,
0.17)]. The pooled effect size was —0.06 with 95% C.I —0.39, 0.05 which was sta-
tistically insignificant (p = 0.14). Green ef al 2009 [26] show the highest weight
(20.3%) and Aisen et al 2002 [1] show the lowest weight (8.1%).

The funnel plot (Figure 9) shows two studies out of the inverted funnel, so the
publication bias was present. Rank-correlation shows the statistically insignifi-

cant result for publication bias (p-value = 0.0509).

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
Aisen et al (2002) 19 020 13000 21 0.70 1.3000 , -0.38 [-1.00; 0.25] 1.7% 8.1%
Aisen et al (2003) 118 -2.20 24000 111 -2.20 2.3000 7 0.00 [-0.26; 0.26] 9.9% 16.6%
Aisen et al (2003) 122 -2.30 23000 111 -2.20 2.3000 ' -0.04 [-0.30; 0.21] 10.0% 16.6%
Wilcock (2008) 48 112 08300 46 181 10100 ———— ' -0.74 [-1.16;-0.32] 3.8% 12.3%
Wilcock (2008) 36 14508400 46 1.81 1.0100 : -0.38 [-0.82; 0.06] 3.4% 11.8%
Pasqualetti et al (2009) 66 -1.70 0.3000 66 -1.30 3.2400 X -017 [-0.51; 0.17] 57% 14.3%
Green et al (2009) 782 29132100 746 243 31200 :—'— 015 [005; 0.25] 65 6% 20.3%
Common effect model 1191 1147 <;f 0.04 [-0.04; 0.12] 100.0% -
Random effects model -0.17 [-0.39; 0.06] - 100.0%

I 1 1 1 1
105 0 0.5 1

Heterogeneity: I* = 76%, v° = 0.0629, p < 0.01

Figure 8. Forest plot showing the effects size and summary effect size of all studies included for meta-analysis using indicator

MMSE score difference with their respective C.I.

o
S
o
0
9
o
o
o =
oo
—_
w o) o o
25
L °
(=]
5 8 1 :
) ° Ve
o A
el
9 -
o
o
=
d °
T T T T T T T
-0.6 -0.4 0.2 0.0 0.2 0.4 0.6

Standardised Mean Difference

Figure 9. Funnel plot for publication bias for studies included in the meta-analysis of CDR-sob score
difference.
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CDR-sob Average Score
Meta-analysis was performed on 02 studies with 394 subjects. Heterogeneity

across 02 studies in effect size was statistically insignificant (Q-value = 1.16,
p-value = 0.28). The degree of heterogeneity was I* = 14.0% with no C.I because
only 02 studies are involved in meta-analysis. The Random-effect-model was
used to summarise the result of the CDR-sob score. A Forest plot to display the
result of the meta-analysis is shown in Figure 10. Both the studies (Thal er al
2005 [9], Babiloni ef al 2009 [29]) shows positive SMD [0.15 (—0.05, 0.36), 0.63
(—0.21, 1.48)]. The pooled effect size was 0.21 with 95% CI —0.09 to 0.51, which
was statistically insignificant (p-value = 0.17). The lowest weight (11.7%) was
obtained by a study by Babiloni et al 2009 [29] whereas, the highest weight
(88.3%) was observed in the study by Thal et aZ 2005 [9].

The funnel plot (Figure 11) shows both studies inside an inverted funnel,
therefore no publication bias was present. Only 02 studies were involved, there-
fore no statistical test was used to check the statistical significance of publication

bias.

4. Discussion

Meta-analysis performed with ADAS-cog score showed the statistically signifi-
cant result in improvement of AD by use of NSAIDs, but the p-value was 0.03

which is very close to 0.05, therefore no valid conclusion could be drawn based

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
Thal et al (2005) 176 240 13000 195 220 1.3000 0.15 [-0.05; 0.36] 94 5% 88.3%
Babiloni et al (2009) 13 5.00 25000 10 360 1.5000 063 [-0.21;1.48] 55% 11.7%

Common effect model
Random effects model

Heterogeneity: I© = 14%, t° = 0.0161, p = 0.28

205 0.18 [-0.02; 0.38] 100.0%

0.21 [-0.09; 0.51] - 100.0%

-1 05 0 05 1

Figure 10. Forest plot showing the effects size and summary effect size of all studies included for meta-analysis using

indicator CDR-sob average score with their respective C.I.
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Funnel plot for publication bias for studies included in the meta-analysis of CDR-sob score dif-
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on only this score. Meta-Analysis findings of the current study suggest that
NSAID has shown no protective role in AD subjects in Standardized Mean dif-
ference of MMSE mean difference, MMSE mean score, CDR-sob mean differ-
ence and CDR-sob mean score. Therefore such findings indicate that there is no
clinical improvement in subjects taking NSAIDs over subjects who are not ex-
posed to NSAIDs.

A funnel plot created to check the publication bias has shown no publication
bias present in ADAS-cog, MMSE-score, or CDR-sob, but publication bias was
present in MMSE score difference and CDR-sob difference. Rank correlation test
was used to check the statistical significance of publication shows the statistically
insignificant result of publication bias in studies included in ADAS-cog, MMSE
score, and MMSE mean difference score but statistically, a significant result was
observed in CDR-sob mean difference score.

During this study, no evidence of the protective effect of NSAIDs was ob-
served across 10 randomized control studies, when given years before the devel-
opment of symptoms of AD. The use of NSAIDs as a protective factor in AD in
the present study may improve our understanding of the role of NSAIDs in AD
by making several conjectures like, firstly, the age of subjects taken in the present
meta-analysis; all 10 studies were done in diagnosed AD cases having more than
65 years of age. AD starts to occur over 20 years before cognitive decline with
pathological changes. Szekely et al. 2008 [30] suggested a reduced risk of AD in
NSAIDs users was significant in the younger age group. Hayden et al 2007 [31]
also reported the use of NSAIDs before the 65 years age group had less 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 in the early stage of
AD but are not effective in the later stage of AD. It suggested performing RCT to
study the protective role of NSAIDs in AD after stratification of subjects by age.
Secondly, the duration of exposure to NSAIDs can be taken as a secondary hy-
pothesis, similarly, the age of subjects NSAID exposure for a long time cannot
reverse the outcome. As suggested by Szekely 2008 [30] subjects 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 developing AD. The duration of
10 studies included varies from 84 days to 1716 days. Thirdly, the dosage of
NSAIDs varies from 25 mg to 800 mg per day which could be a major factor that
may affect the therapeutic relevance of Y-the secretase modulator effect in AD
subjects [32]. Fourthly, the co-morbidities in AD subjects may be taken as one of
the important factors for such results, which modifies the protective effect [12].
Fifth, the scores used in current meta-analysis like MMSE (both mean score and
mean difference), ADAS-cog, CDR-sob (both mean score and mean difference),
and NPI are not only scores to measure the cognitive decline in an older person,
there is “n” number of scores still available in the clinical market to measure the
cognitive decline in older persons more than 60 years of age. Most of these

scores used in the study are for the educated population and younger age group

DOI: 10.4236/aad.2023.121001

12 Advances in Alzheimer’s Disease


https://doi.org/10.4236/aad.2023.121001

A. Asthana et al.

for accurate measure. Sixth, Apo lipoprotein E in AD subjects plays a vital role
in the occurrence of disease. Every individual with unique gene, therefore
NSAIDs will react differently for different individuals [30]. The APOE gene may
alter the association between NSAID use and the risk of developing AD. Study
[30] has found a lower risk of AD only in NSAIDs users with an APOEe4 allele.
Seventh, finally poor adherence to NSAIDs like aspirin and ibuprofen due to
their severe gastrointestinal effects, leads to the loss of subjects in follow-up
during these studies [12].

Subjects recruited in the selected studies already have pathogenesis set in after
microglia activation or they have recent NSAID exposure as shown by Rotter-
dam and Cache County observational studies [33] [34]. These studies show no
protection with NSAIDs used 2 years before the onset of dementia. Subjects with
healthier brains (Ze. for those subjects in which onset of AD would be some
years later in the future) exposed to NSAIDs may explain the weak but
non-significant protective effect of NSAIDs for AD as the effect of NSAIDs ex-
posure vary depending on the stage of brain disease progression [32].

The present meta-analysis neither shows that NSAID treatment decreases the
progression of cognitive decline in AD nor any protective effect against the de-
velopment of AD on its sustained use.

Any study is incomplete without its limitations. Therefore limitation of the
present study was as follows, the number of RCT's taken for meta-analysis is few,
dosage in each included study varies by a huge margin, and 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, no study included in the present
meta-analysis, assessed the effect of genetic factors like APOE genotype with on
association of NSAID use and AD risk and Meta-regression and sub-group
analysis is not advisable as a number of studies were less than 10.

The strength of the study was, that the literature search strategy was rigorous,
the research question was supported by clear eligibility criteria, each step in the
review was done by multiple reviewers to ensure accuracy, and preferred re-
porting items of a systematic review and meta Analysis during the preparation of
manuscript is followed and meta-analysis was conducted adhering guidelines
Cochrane handbook of systematic review and meta-analysis.

It is suggested to perform studies after stratification of subjects by age and
gender, to check the role of NSAIDs as a protective factor in AD subjects, dura-
tion of exposure should also be considered, and the uniform dosage of NSAIDs
should be taken, so that the robust results can be generated, variation in dosage
of NSAIDs disturbs the outcome. All studies should be also adjusted for APOE
genotyping before conducting the study so that robust results can be obtained.
The study which assessed the effect of genetic factors like APOE genotype with
an association between NSAID use and AD risk must be included. The NSAIDs
in a present meta-analysis must be divided into subgroups based on their chem-

ical structure and mechanism of action, appropriate techniques should be taken
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into consideration for subjects who are lost in the follow-up of the study, and
more number of studies adhering to a standard pre-defined protocol must be
conducted to get a more clear scenario of the situation and the meta-regression
with a large number of selected studies, may also be conducted for better under-
standing the role of the use of NSAID’s in AD.

5. Conclusions

As 03 scores were used to check the protective role of NSAIDs in AD subjects
followed by 05 meta-analysis, only one score has shown a significant protective
role of NSAIDs, but because its p-value was very close to 0.05, hence solid con-
clusion should not be drawn based only on this score. However, more rando-
mized control trials with sound methodology are required on the current topic.

So we concluded from the present study is NSAIDs do not act as a protective
factor in AD subjects.
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