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Introduction

Alzheimer’s Disease (AD) is a neurodegenera-
tive disorder characterized by manifestations of 
forgetfulness, cognitive impairment, behavioural 
changes, confusion, language trouble and thin-
king inability1. If left untreated, symptoms of 
AD worsen with time, impeding the day-to-day 
normal functioning of the patient1. It has been 
claimed by the AD-International that more than 
30 million people worldwide are victims of de-
mentia, and the prevalence of AD is 60-80%2. 
More than 5 million Americans are reported to 
be living with AD3, and in Japan, around 15% of 
the >65-year-old population suffers from AD4,5. 
AD is also emerging as a major threat to the de-
veloping countries, accounting for about 58% of 
the total population, and is speculated to escalate 
to about 70% by 20506. 

The key pathological hallmarks of AD are 
amyloid beta (Ab) plaques and neurofibrillary 
tangles (NFT) that accumulate in the gaps betwe-
en nerve cells and synaptic junctions7. The Ab 
and NFTs are generally deposited within the 
brain hippocampus, the site for memory and 
cognition, thereby impairing neuronal commu-
nication and resulting in neuronal cell death8-10. 
The major risk factors for AD comprise growing 
age and family history11-13. While aging accounts 
for more than 95% of AD cases, familial AD for-
ms around 2-3% of all cases and demonstra-
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tes AD-like manifestations at an early age14,15. 
The genetic factors, particularly Apolipoprotein, 
APOE-e4 gene, have an immense impact and 
markedly increase the risk for AD pathogene-
sis16,17. Additionally, the deregulated processing 
of amyloid precursor protein, which causes a shift 
towards the amyloidogenic pathway rather than 
the non-amyloidogenic, is a major cause for Ab 
generation18.

Altered expression of the neurotransmitters, 
especially acetylcholine and N-methyl-D-aspar-
tate (NMDA), and neuro-inflammation are major 
mechanisms inducing AD pathogenesis19,20. Hen-
ce, cholinesterase inhibitors (ChEIs) and drugs 
targeting the NMDA receptor, and the non-steroi-
dal anti-inflammatory drugs (NSAID) are usual-
ly used to attenuate the progression of AD21-23. 
Anti-amyloid agents that reduce inflammation, 
oxidative stress, hypercholesterolaemia and cho-
linergic dysfunction are known to block Ab ge-
neration and aggregation24. Drugs that promote 
cholinergic neurotransmission are also useful in 
attenuating AD pathogenesis25. These agents may 
reduce apoptosis in the hippocampal neurons, 
and thereby inhibit AD progression26. Enhanced 
functioning of growth factors and neurotrophins 
that function via the tropomyosin receptor kinase 
A contribute in protecting against AD-induced 
neuronal damage27.

Some documented research studies21-23 are 
available that demonstrate the role of neuro-
transmitters and inflammation in AD. Choliner-
gic neuromodulators, such as tacrine, donepezil, 
rivastigmine and galantamine, NMDA-receptor 
antagonist, memantine (MEM), and NSAIDs ha-
ve also been reported to affect AD pathogene-
sis. Additionally, systematic review and meta-a-
nalyses28,29 on the effects of the therapeutics on 
AD features, particularly cognitive impairments, 
have been carried out. However, to the best of 
knowledge, an umbrella review of the systematic 
reviews and meta-analyses of AD risk factors 
and targeted therapies has not been done so far. 
In the current study, we performed a systematic 
overview of meta-analyses and an exploratory 
collective analysis of previous meta-analyses to 
assess the risk factors of AD and the effects of 
neurotransmitter modulators and NSAIDs in AD 
pathology.

Umbrella Meta-analysis Design
The central cholinergic system significantly 

regulates cognition and learning-memory perfor-
mances30. One of the major pathological features 

of AD is the damaged cholinergic neurons, resul-
ting in decreased neuronal choline levels30. Thus, 
drugs inhibiting the functions of acetylcholine-
sterase enzyme that degrades acetylcholine neu-
rotransmitter are clinically used for attenuating 
AD pathology31. The main therapies that attenuate 
AD symptoms include cholinesterase inhibitors 
(ChEIs), donepezil, galantamine and rivastigmi-
ne and the NMDA receptor antagonist, MEM, 
or their combinations32,33. Meta-analysis studies 
showed the combination therapy of MEM and do-
nepezil to be quite effective in treating moderate 
to severe stages of AD34,35. However, there have 
been contradictions in this concept, and several 
studies hardly claimed any difference between the 
ChEI+MEM-treated patients and placebo exami-
ned through the Alzheimer’s Disease Assessment 
Scale-cognitive subscale (ADAS-cog; Rosen et 
al36) or the standardized Mini-Mental State Exa-
mination (SMMSE; Molloy and Standish, 1997)35. 
Similarly, meta-analysis studies that determined 
the relation between classical NSAIDs and AD 
appeared to have contradictions as well. While 
few scores failed to show any impact of NSAID 
treatment, several others demonstrated an asso-
ciation28,37,38. Thus, heterogeneity in the results 
demanded the need for an umbrella review and 
meta-analysis that include all these meta-analy-
ses. Hence, the present systematic review and 
meta-analysis included the data on modifiable 
risk factors for AD. It comprised results obtained 
from cognitive assessments following treatments 
with the cholinesterase inhibitors, NMDA recep-
tor antagonists and NSAIDs in AD. The methods 
of assessment mainly included Severe Impair-
ment Battery. The data included precise details 
about the disease condition, study population, 
study design, results, significant observations and 
the limitations as well. 

Materials and Methods

Umbrella Review Concept
We carried out an umbrella systematic re-

view on the meta-analysis studies to identify 
the modifiable risk factors for AD. Rather than 
executing the systematic reviews from the be-
ginning, the current umbrella review combines 
the available reviews and meta-analyses of the 
risk factors of AD and the potential therapies. 
We particularly selected cholinergic damage and 
inflammation as the two major factors promo-
ting AD, and examined the effects of ChEIs and 
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NSAIDs on the disease progression. The present 
umbrella review and meta-analyses followed the 
standardized methods and principles described 
before39-41.

Inclusion criteria

Type of Participants
AD patients belonging to different age groups, 

stage and severity were selected for the umbrella 
review. 

Kind of Exposure 
The studies included patients exposed to the 

ChEIs, donepezil, galantamine and rivastigmine, 
and the NMDA receptor antagonist, MEM, or 
their combinations. Our umbrella review also 
comprised meta-analyses of the effects of NSAID 
exposure in AD patients.

Outcome Category
The preventive effects of ChEIs, MEM and 

NSAIDs in attenuating the symptoms of AD 
were the outcome measures. Adverse side-ef-
fects and drug-induced toxicities have also been 
noted.

Study Types
Systematic reviews and meta-analyses were 

generally included. Meta-analyses that were not 
part of organized reviews had been excluded 
from our study (Table I).

Search Strategy and Eligibility Criteria
A two-step search strategy was used to screen 

all pertinent studies and reviews on meta-analy-
ses published in PUBMED. Studies published in 
English, and between January 2000 to August 
2016 were included in our search. The titles and 
abstracts were first examined. From the screened 
articles, the references were checked and the 
cross-references were searched for additional me-
ta-analyses studies and reviews. We scanned the 
key words, “Alzheimer’s disease”, “risk factors”, 
“inflammation”, “NSAID” and “acetylcholineste-
rase inhibitors”. “Alzheimer’s disease” was com-
mon along with all other search words (Figure 1).

Data Extraction and Synthesis
The data collected included minute details regar-

ding the dietary factors, age, sex, education, study 
protocol, statistical analysis methods, results and im-
plications. We considered studies that included health 
controls. The included reviews and meta-analyses 
provided the risk estimates of odds ratio (OR), risk 
ratio (RR), standardized mean difference (SMD), 
confidence intervals (CI) and population size. We 
checked for overlapping references and research stu-
dies within the systemic reviews and meta-analyses.

Results

Patient Health Factors-Risk Factors in AD
The systematic reviews and meta-analyses that 

had been examined considered the diet and ge-

		  Q1	 Q2	 Q3	 Q4	 Q5	 Q6	 Q7	 Q8	 Q9	 Q10	 Q11

Kobayashi et al	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 N
Xu et al	 Y	 Y	 Y	 Y	 NA	 Y	 Y	 N	 Y	 Y	 N
Tariot et al	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 N	 Y	 N	 N
Jansen et al	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 N	 Y	 N	 Y
Jiang et al	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 N	 Y	 N	 Y
Leinonen et al	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 N	 Y	 N	 Y
Matsunaga et al	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 N	 Y	 Y	 N
Miguel-Alvarez et al	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 N	 Y	 Y	 N
Gupta et al	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 N	 Y	 N	 Y
Szekely et al	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 N	 Y	 Y	 Y
Tsoi et al	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 N	 Y	 Y	 Y
Wang et al	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y

Table I. Essential factors examined for meta-analysis.

Abbreviations used: Y-Yes; N-No and NA-Not applicable Q1: Is the objective of the review and meta-analysis article precise 
and prominent? Q2: Was the article relevant in terms of the search? Q3: Was the study population well defined? Q4: Was 
the strategy of the study relevant and proper? Q5: Were the techniques appropriate? Q6: Were the data reliable? Q7: Was the 
study statistically significant? Q8: Were there too many limitations in the study? Q9: Did the study offer any new view on the 
concept? Q10: Was there any bias assessment? Q11: Were there any future directions for the study?
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neral health status of AD patients. There were 
two sets of factors; firstly, diet, psychological 
condition and lifestyle, and secondly age, gender, 
literacy and education (Table II).

Diet, Psychological Condition 
and Lifestyle

Search studies had been conducted for poten-
tial cohort and retrospective case-control studies 
from Cochrane Database of Systematic Reviews 
and PUBMED15. The studies were particularly 
based upon the meta-analysis of “Observational 
Studies in Epidemiology Group” and the “PRI-
SMA 2009 guidelines for systematic review and 
meta-analysis”42-44. The inclusion criteria com-
prised data on OR and RR of AD among a ge-
neral population, and for the exposures that were 
known to affect AD15. The control population 
included the arbitrarily chosen healthy indivi-
duals with no history of cognitive failures. The 

individuals were devoid of cardiac problems15. 
The male and female participants were com-
pared independently15. Additionally, as per the 
Newcastle-Ottawa scale, following proper OR/
RR assessments, no exclusion criteria were in-
corporated in the study15. For obtaining a statisti-
cally significant data (95% probability) through 
the I2 statistic (Egger test and Stata V.12.0), a 
pooled data from several studies were obtained15. 
Firstly, the controls, and then the AD population 
underwent examination15. The risk factor analysis 
was performed, and the conclusions were drawn 
as grade-I, II-B and II, based upon the hetero-
geneities of >5000 (I2≥50%), <5000 (I2≥50%) 
and <5000 (indicating prominent heterogeneity), 
respectively15,45. With a relatively larger pooled 
population (>5000, grade I and II-A), seven fac-
tors, such as neuroticism, Aβ42/40 ratio, fish 
eating habits, dietary pattern, education status, 
physical activities and smoking habits in Asian 

Figure 1. Flow chart of the strategy adopted for searching and selecting relevant reviews and meta-analyses on AD, risk fac-
tors, ChEIs and NSAIDs.
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populations (Table II) appeared as the key factors 
for meta-analysis15. Neurodegeneration, marked 
by impaired gait and behavioral aberrations, and 
cancer and malignancy served as major factors 
regulating AD development15. While degenera-
tion and failed health conditions promoted the 
probabilities of AD, persons with cancer history 
had reduced possibilities, to the extent of about 
37-40% attenuation in the likelihood of develo-
ping AD15. The importance of Ca2+ ion transpired 
from a meta-analysis study that demonstrated 
AD risk, with scores of RR=2.07 and CI value of 
1.22-2.92 in osteoporotic patients15. Supporting 
this concept, exposure to sunshine and treatment 
with vitamin D attenuated the chances of deve-
loping AD15. 

Age, Gender, Literacy and Education
Individual data meta-analysis to understand 

the occurrence of cerebral amyloid pathology was 
conducted on participants having normal memory 
performances in comparison with those with mild 

and prominent cognitive impairments46. The risk 
factors examined were age, gender, literacy, edu-
cation and the ApoE genotype status46,47. To iden-
tify statistical relevance, the meta-analyses were 
carried out on the total study population directly, 
and after combining data, the generalized estima-
ting equations were examined, based on the fre-
quency and OR46,48. The meta-analyses revealed 
that APOE-ε4 carriers and non-carriers, and age 
factor played a marked role in enhancing amyloid 
burden and cognitive dysfunction46,49. Notably, 
while the sex of individuals had no significant im-
pact, education status bore a prominent link with 
the amyloid count46. Mild cognitive impairment 
(MCI) appeared as a risk factor, and differences 
were observed for patients with non-amnestic 
MCI and amnestic MCI, the latter demonstrating 
a greater amyloid burden46,47. However, although 
amnestic MCI showed strong association with AD 
pathology, certain other central nervous system 
disorders, such as cerebrovascular dysfunction, 
depression and hippocampal sclerosis, marked 

Risk factors	 Parameters tested	 Population size	 OR and RR	 CI	 Heterogeneity

Diet (Xu et al)	 Fish eating habits 		  Applied	 95%	 I2 statistic applied
	 and dietary pattern

Sex, 	 Both male and female
(Xu et al; Jansen et al)

Cancer history (Xu et al)	 Both cancerous and 	 >5000
	 non-cancerous population

Osteoporosis	 Both osteoporotic and
(Xu et al)	 non-osteoporotic patients

Family history (Xu et al)	 Cancer and dementia

Habits (Xu et al)	 Smoking

Education (Jansen et al)	 Literacy and awareness	 7583	 NA	 95%	 I2 statistic applied
					      (>50%)
Apo E genotype status	 Apo E alleles
(Jansen et al)

Age (Jansen et al, Morris et al)	 MCI, aging 	 241	 NA	 95%	 I2 statistic applied
	 and amnesia

CNS disorders	 Cerebrovascular
(Jansen et al, Morris et al)	 dysfunction 
	 and depression

Table II. Meta-analyses of risk factors in AD.

Abbreviations used: OR-Odds ratios (OR); RR-Relative risk or risk ratio; CI-Confidence intervals; ApoE-Apolipoprrotein E; 
MCI-Mild cognitive impairment.
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by neuronal loss and gliosis also exhibited MCI 
features46. Comparative analysis of APOE-ε3 and 
the APOE-ε4 alleles revealed the latter to be more 
at risk for AD, being expressed at an early age 
as well46,50. Contrarily, APOE-ε2 allele appeared 
protective, and a comparatively higher APOE-ε4 
level led to the clinical manifestations of AD46,51. 
Thus, all these factors served as inclusion criteria 
for our umbrella review of meta-analyses on AD 
targeted therapies.

Cholinesterase Inhibitors 
and Memantine as AD Therapies

ChEI+MEM Therapy
Meta-analysis using neuropsychiatric inven-

tory (NPI) of three studies indicated that ChEI+-
MEM in combination was a true therapy for 
moderate-to-severe forms of AD, with a high 
significance, p=0.0000135. To explore this aspect, 
a search through Review Manager that included 
seven pooled-up studies on randomized control-
led trials (RCTs) for the combination treatments 
in 2182 patients was performed35. MEDLINE 
and Cochrane database, Google Scholar, Excerp-
ta Medica database (EMBASE), CINAHL and 
PsycINFO citations were searched, and a range 
of drugs and ChEIs were scanned35. The outco-
mes assessed were cognition and neurobeha-
vior, through Severe Impairment Battery (SIB), 
ADAS-cog, SMMSE, MMSE and NPI52. The 
statistical analysis, using the DerSimonian-Laird 
random-effects model, was based on mean stan-
dard deviation (MSD) data with 95% confidence 
intervals53. The NPI for behavioural assessment 
for combination therapy showed better resul-
ts than placebo54. However, contradictions were 
observed in the NPI statistical data, and it could 
be inferred that meta-analyses and studies with 
higher sample numbers may be essential to con-
clude about use of ChEI+MEM as AD therapy.

A meta-analysis study revealed that AD drug 
treatment, whether early or late, had the same 
effects on cognition, behavioral aspects and other 
physical and physiological status55. Using the 
SMD of data obtained from meta-analysis, and 
pooling the data of about 1415 patients and for 
eight trials tested for cognition, revealed no signi-
ficant difference between early and late treatmen-
ts55. A meta-analysis study by another group that 
compared the effects of ChEIs and MEM with 
the placebo for an AD population, along with 
a follow-up period of 3 to 12 months showed a 

prominently better effect for the ChEI compared 
to MEM56,57. However, the adverse side-effects 
of MEM were relatively less than ChEI31,55. No-
netheless, the studies had some deficits. Critically 
assessing the studies, we inferred that the early 
and late time points had not been defined clearly, 
and the follow-up duration was not enough. The 
patients used for the meta-analyses showed very 
slow and little cognitive loss55, and we assumed 
that there was a probable heterogeneity in the 
physical status of patients. Hence, to reach a 
perfect conclusion for early versus late treatment 
effects, we presume that more studies may be 
needed with larger patient size and an extended 
follow-up time following MEM or ChEI treat-
ments (Table III).

Donepezil+MEM Therapy
For meta-analysis of ChEI and MEM, a pooled 

data revealed an MMSE range of 5-14 for some 
studies and 10-22 for few others58-60. However, 
all the groups preferred a combination therapy 
compared with individual. For the study by Tariot 
et al58 with AD patients suffering from severe de-
mentia, a statistical significant improvement appe-
ared in the SIB score following combinatorial tre-
atments58. Furthermore, for donepezil and MEM 
treatments in Moderate to Severe Alzheimer’s 
Disease (DOMINO) trial, a significant difference 
between the combination therapy and individual 
donepezil treatment was hardly apparent59. The 
MMSE study for DOMINO showed a comparable 
effect for combination therapy and donepezil alo-
ne treatment59. A similar trend was also observed 
for the mild to moderate AD61, particularly in the 
open-label trials62. In another meta-analysis that 
had been conducted for a long span of time, from 
1997-2005, an identical pattern was observed63. 
We deduced from the pooled up data for studies 
on donepezil+MEM therapy that patient hetero-
geneity and more importantly an extended period 
of enrolment may have been the pertinent reasons 
behind the differential observations. The Alzhei-
mer’s Disease Co-operative Study - Activities of 
Daily Living Inventory (ADCS-ADL) analysis 
method, based on SMD calculation of the results 
from blinded-randomized clinical trials, signi-
ficantly favored combination therapies for AD 
compared to MEM monotherapy in the DOMI-
NO trial58. However, the data appeared quite dis-
similar for donepezil58, indicating a better effect 
of the drug alone. A variation was observed for 
the different ADCS-ADL studies. While AD-
SC-ADL-19 version of measurement in moderate 
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to severe dementia showed improvements with 
donepezil treatments, ADCS-ADL-23 failed to 

do so60. Diverse observations were also obtai-
ned for primary and secondary outcome measu-

Treatments	 Search strategy	 Scale	 Statistics	 Outcomes	 Limitations

AChEI+memantine	 i. MEDLINE	 i. SIB	 95% CI	 Beneficial for	 Contradictions
(Matsunga et al)	 ii. Cochrane database	 ii. ADAS-cog	 and SMD	 moderate-to-severe	 in NPI
	 iii. Google Scholar	 iii. SMMSE	 values	 AD	 statistical data		
iv. EMBASE	 iv. MMSE
	 v. CINAHL	 v. NPI
	 vi. PsycINFO

AChEI, donepezil, 	 i. MEDLINE,	 i. Cognition	 95% CI	 Early drug treatment	 i. Clinical
galantamine, 	 ii. EMBASE,	 ii. SIB	 and SMD	 based upon	 heterogeneity
rivastigmine 	 iii. AMMED	 iii. NPI	 values	 earlier diagnosis	 ii.Treatment 
or memantine		  iv. ADCS-ADL		  poses no advantage	 conducted
(Tsoi et al)	  	 v. MMSE		  in attenuating	 iii. MMSE very high
		  vi. Physical		  AD manifestations	
		  function	  	 for short term

Donepezil+	 Not mentioned	 i. SIB	 SD value	 Detected inaccuracies	 i. Claimed inclusion
memantine		  ii. MMSE		  in previous	 of patients of
Tariot et al)		  iii. CIBIC-Plus		  meta-analyses studies	 heterogeneous 
					     categories
					     ii. Comparisons were
					     not appropriate

Comparative 	 i. PubMed	 i. ADAS-Cog	 95% CrI	 i. Demonstrated	 i. Variability in
efficacies of ChEIs	 ii. EMBASE	 ii. NPI		  modest beneficial role	 study size
(Kobayashi et al)	 iii. Cochrane 	 iii. CIBIC		  of ChEIs	 ii. The number
	 dementia	 iv. CGIC		  ii. Detected beneficial	 of trials were
				    effects for donepezil	 very small
				    and rivastigmine, 	 iii. Used flexible
				    but not for 	 drug doses
				    galantamine	 iv. Drug tolerability
					     less examined

ChEIs and atypical	 i. PubMed,	 NPI and safety	 95% CI	 ChEIs and atypical	 i. NPI appeared
antipsychotics	 ii. EMBASE,	 outcome	 SMD	 antipsychotics could	 comprehensive
(Wang et al)	 iii. Cochrane 	 ITT analysis		  improve	 ii. Use of other
	 Controlled Trials	 MMSE		  neuropsychiatric 	 drugs consumed
	 iv. Cochrane Database 			   symptoms in AD 	 was unrecorded
	 of Systematic Reviews			   patients, but with	 iii. Trial number
				    bad safety outcomes.	 few for
					     antipsychotics,
					     antidepressants 
					     and mood
					     stabilisers
					     iv. Patients had
					     physiological
					     variability while
					     pooling data

Table III. Meta-analyses of ChEI and memantine therapy in AD.

Abbreviations used: EMBASE-Excerpta Medica database; CINAHL-Current nursing and allied health Literature; AMMED-Ar-
my medical department; SIB-Self-injurious behavior; ADAS-cog-Alzheimer’s disease assessment scale-cognitive; SMMSE: 
Standardized mini-mental state examination; MMSE-Mini mental state exam; CIBIC-Plus: Clinician’s interview-based impres-
sion of change Plus caregiver input; NPI: Narcisistic personality inventory (NPI); ADCS-ADL: Alzheimer’s disease cooperative 
studies activities of daily living inventory; ITT: Intention-to-treat; CGIC: Clinical global impression of change; CI-Confidence 
intervals; CrI-Credible interval; SMD- Standardized mean difference
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res. In Clinician’s Interview-Based Impression 
of Change Plus Caregiver Input (CIBIC)-Plus 
method, results showed prominent improvements 
with the donepezil therapies for mild to moderate 
patients in case of primary outcome measure58, 
whereas the findings were entirely different for 
secondary outcome measure, showing no im-
provements at all60. The CIBIC-Plus method of 
measurement also proved to be less consistent 
and quite insensitive64,65. NPI analysis as a secon-
dary outcome measure also favored combination 
therapy58, especially when compared with MEM 
monotherapy59. Nonetheless, we found that these 
studies had some limitations in assessment of le-
arning-memory and functional outcomes. We ob-
served that a certain degree of variability entered 
in the statistical analysis, and a few data had been 
calculated based on standard errors (SEs) and 
some on standard deviation (SD), and the quanti-
fication for SMD was also on dissimilar versions 
of scales59. There were some variations in the 
patient conditions as well, where some had been 
suffering from severe forms of AD while others 
quite milder59. Minimal clinically important dif-
ference score (MCID) appears to be another me-
ta-analysis score that well correlates the results 
with the chances at the clinical levels66. Of RCTs, 
the study elaborated by Howard et al59 was the 
only one that considered MCID score, while for 
the others, such as Tariot et al58 and Posteinsson 
et al60, results were based upon CIBIC-Plus score 
merely67. A prominently big patient sample size 
and a minimum of one year proved essential for 
the MCID score67 (Table III). 

Comparative Effects of Donepezil, 
Galantamine and Rivastigmine

Using AD and ChEIs as key words in PUBMED 
and EMBASE, a recent systematic meta-analysis 
and Bayesian network meta-analysis (NMA) of 
donepezil, galantamine and rivastigmine were 
carried out to understand their comparative ef-
ficacy and safety in mild to moderate AD68. A 
total of 19 studies were performed on these three 
drugs with AD patients from North America 
and Europe. The average age of the patients was 
around 69 to 78, with about 62% being women68. 
The MMSE score varied between 15-21, and the 
ADAS-Cog and NPI were between 20-35 and 10-
35 respectively68. The cognitive effects were pri-
marily taken into consideration68. Inclusion and 
exclusion criteria and data extraction were based 
on RCTs, and the scores included ADAS-Cog, 
NPI, CIBIC-plus and Clinical Global Impression 

of Change69. A comparative effect of drugs was 
examined68. Severe AD patients, with an MMSE 
value <10, and patients treated at either very high 
or minimum doses of the ChEI inhibitors were 
not included in the study68. The data extraction 
process was performed and cross-checked by 
more than two people68. At first, heterogeneities 
were assessed using the conventional meta-a-
nalysis procedure of I2 statistic and funnel plots, 
followed by Metafor package68. The comparative 
NMA was conducted for two doses of donepe-
zil (5 and 10 mg), galantamine (16 and 24 mg) 
and rivastigmine (6 and 12 mg)68. Following 
this, the assessments were performed through the 
Bayesian hierarchical model using Markov chain 
Monte Carlo estimation and the GeMTC network 
meta-analysis package as a support70. The study 
revealed that ChEIs improved cognitive perfor-
mances, but failed to cause improvements in 
neuropsychiatric symptoms, as evident from the 
funnel plot that hardly showed any change in di-
stribution pattern68. Secondly, donepezil and riva-
stigmine appeared effective in the clinical global 
change data evaluated by the CIBIC+Clinicians’ 
global impression of change (CGIC), whereas 
galantamine failed to show any remarkable im-
provement relative to the placebo68. However, 
cognitive tests demonstrated galantamine dose 
of 24 mg to be helpful68. The I2 values had a 
heterogeneity score of 44-53% and CGIC showed 
I2 heterogeneity between 64-51% respectively68. 
Tolerability assessments for nausea, dizziness, 
drowsiness, vomiting, diarrhea and dysentery, 
and withdrawal effects were the minimum for do-
nepezil and maximum for rivastigmine68. Thus, 
supporting an earlier study, donepezil seemed to 
be the safest ChEI for AD treatment71.

Another study methodically searched for AD, 
ChEI treatments and the disease manifestations 
through PubMed, EMBASE, Cochrane Database 
of Systematic Reviews and Cochrane Controlled 
Trials Register72. In addition to cognitive and 
neuropsychiatric symptoms, the scan also in-
cluded dementia and general behaviour72. Other 
than the typical ChIEs, the effects of a wide-ran-
ge of other closely associated drugs, such as 
anti-depressants, anti-convulsants, sedatives and 
psychotropic drugs were searched72. Double-blin-
ded, RCTs against placebo controls were included 
in the study72. Both crossover and non-crossover 
trials had been carried out, and the patients were 
all prone to AD72. The assessment ranges of doses 
for these drugs were wide, and the NPI was found 
to range between 10 to 1272. The sample size, 
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age, gender, race, treatment schedule and side-ef-
fects were assembled72, and the total search was 
performed by three reviewers72. The statistical 
analysis generated SMD data of NPI-10, NPI-12 
and NPI- with 0.05% p-values72. The RR analysis 
was accomplished and heterogeneity was exami-
ned visually and by a combination of chi-squared 
test (χ²) and I2 tests72. The data analysis and sta-
tistical software, STATA12.0, was used and Bias 
detection funnel plots and Begg’s test method 
were adopted72. A total of 32 studies were analy-
zed that included RCTs and placebo-controlled 
trials72. Sixteen trials were on a single dose of 
drugs, and the others on dose range of the drugs72. 
The number of treated patients in trials was close 
to 7000 and placebo was around 500072. The dru-
gs included ChEIs, anti-depressants, anti-psycho-
tics, mood-elevators, MEM, etc. The patients be-
longed to the age group of 74-86, and the MMSE 
was between values of 4.5 to 21, and the patient 
population was from Europe and North Ameri-
ca72. Fifteen studies that included donepezil (eight 
trials), galantamine (four trials) and metrifonate 
(three trials), and the fifteen RCTs for ChEI tre-
atment showed significant (p<0.05) behavioral 
improvements for all drugs72. The meta-analysis 
study revealed marked improvement in NPI sco-
re, with a standardized mean difference of 0.12 
and CI of 0.2572. A substantial heterogeneity (I2) 
was observed72, probably due to the difference in 
ages, medicine sub-types and brands, population 
heterogeneity, racial differences, MMSE, treat-
ment period, etc. The sensitivity assessment for 
the studies that used intention-to-treat method 
revealed beneficial effects of ChEIs against pla-
cebo73. However, the effects were comparatively 
better for galantamine (SMD −0.13; 0.05%, CI 
−0.2 to −0.03 and I2=0%) in terms of impro-
vements in neurobehavior and neuropsychiatric 
symptoms compared to donepezil (p<0.0, CI 
value between 0.2-0.10 and I2 around 7)73. The 
meta-analysis also revealed marked benefits with 
anti-psychotic drugs, quetiapine, olanzapine, ari-
piprazole, ziprasidone, olanzapine and clozapine, 
compared to placebo on the NPI score scale72. 
Bias risk assessment through Begg’s test and 
the Funnel Plot demonstrated little publication 
bias (z=0.60)72. Comparing the impacts of the 
anti-psychotics proved that olanzapine was the 
most effective in improving neurobehavior and 
neuropsychiatric symptoms (SMD −0.20; p-value 
of 0.0%, CI −0.30 to −0.0 and I2 -0) followed by 
aripiprazole (SMD −0.20; p-value of 0.0%, CI 
−0.30 to −0.04; I2-1)72. RCT on 20-24 AD patien-

ts who belonged to one group and about 120-124 
patients in the other using anti-depressants, such 
as sertraline, fluoxetine, citalopram and trazo-
done, was carried out72. However, the NPI score 
showed a non-significant difference between the 
placebo and treated patient population, indica-
ting minimum beneficial effects of anti-depres-
sants among the patients72. An RCT on 13-14 
AD patients using a valproate mood stabilizer 
treatment for six weeks, followed by a two-week 
observation showed marked changes in the NPI 
scores72. Meta-analysis study for MEM for eight 
RCTs that involved around 1500 MEM-treated 
AD patients compared to 1333 placebo patients 
showed no significant effects in the NPI score, 
indicating the non-beneficial effects of MEM72. 
However, the heterogeneity existed (I2=70-80%), 
based upon variations in age, race, span of drug 
treatment (3-7 months), MMSE, etc.72. Assessing 
the neuropsychiatric changes through NPI or 
another new scale, the Behavioural Pathology in 
Alzheimer’s Disease also revealed significant im-
provements by ChEIs and anti-psychotics (ChEIs, 
SMD −0.11; 95% CI −0.20 to −0.01; atypical an-
tipsychotics, SMD -0.18; 95% CI −0.27 to −0.09). 
The impacts of MEM and anti-depressants were 
very little (MEM, 95% CI −0.27 to 0.01; antide-
pressants, 95% CI −0.35 to 0.37)72 (Table III). 

Treatment Impact of NSAID in AD
AD is a neuro-inflammatory disorder, and 

NSAIDs are used in attenuating the disease pa-
thogenesis19. A meta-analysis search through 
PUBMED, Cochrane Database and biological ab-
stracts using the words, AD, NSAID and inflam-
matory diseases was conducted38. The screening 
identified around 2000 abstract and 35 relevant 
and interesting studies38. The detail regarding 
the participants, such as, location, age, gender, 
family, etc., was taken into consideration38. Ad-
ditionally, the disease onset-time and NSAID tre-
atments were all thoroughly inspected38. The stu-
dies that included drug treatments for 2-3 years or 
life-long were included and the Stata 7.0 software 
package was used for the quantitative analysis. 
The I2 heterogeneity and statistical program, 
such as, Q-statistic, Egger’s plots and Begg’s 
funnel plots were used for the meta-analysis38. 
Of all the studies analyzed, about eleven of them 
appeared to have a tangible link between NSAID 
and AD risk. Of these, there were eight studies 
that demonstrated an apparent association betwe-
en NSAID treatment and AD74-76. Both non-pro-
spective (seven) and prospective (four) studies that 
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included OR and RR respectively was examined, 
and the results from the prospective groups that 
involved NSAID treatment as preventives appe-
ared more conclusive38. Non-prospective studies, 
on the other hand, involved retrograde method 
of data assessment, and showed a chronological 
association between NSAID treatment and AD38. 
A certain degree of discrepancy appeared in 
the meta-analysis, where the prospective studies 
indicated a 25% and 60% lesser risk for AD for 
the 2-3 years and continued life-long treatments 
respectively38. The study also emphasized upon 
the fact that treatment with NSAIDs delayed the 
onset of AD38. Thus, it could be inferred from 
the meta-analysis that a prolong treatment with 
NSAIDs could be more effective compared to a 
shorter span. Analyzing the data from the Cana-
dian Study of Health and Aging revealed a mar-
ked resemblance in the OR values for NSAID and 
its link with AD and the inflammatory disease, 
arthritis76. Meta-analyses were performed to cle-
arly understand the usefulness of NSAIDS, ibu-
profen, rofecoxib, celecoxib, aspirin, naproxen, 
nimesulide, tarenflurbil and indomethacin as the-
rapeutics for AD28. The experimental population 
included AD patients undergoing NSAID treat-
ment, and patients with three-month follow-up28. 
The search was carried out using the “Patient 
Population or Problem, Intervention treatment, 
Comparison, Outcomes, and Setting method”, 
and the Cochrane Library electronic databases 
in combination with PUBMED28. The PRISMA 
guidelines were followed, where a total of 963 ar-
ticles were reviewed77. Following initial screening 
for pertinent publications, the inclusion criteria 
were adopted, and Cochrane Collaboration tool 
was applied28. Age, APOEe4 allele carriers, dose, 
duration and frequency of NSAID treatments of 
the participating patients were the major factors 
taken into considerations28. The cognitive perfor-
mances of patients were examined, and scores 
were determined and the outcome reported as 
ADAS-cog28. The ADAS-cog scale was found to 
be between 0-70, and a lower score indicated bet-
ter performance78. The second measurement scale 
was “Clinical Dementia Rating Scale sum-of-
boxes” that examined learning memory perfor-
mances, rationality, difficulty in solving ability, 
social behaviour, domestic affairs and personal 
hobbies28. Another vital factor contemplated was 
whether the drug had any impact on the ability to 
cope with activities of daily living. It was found 
that each factor was between a scale of 0-3, and 
the total maximum score was 18, signifying worst 

performances79. The third scale used for memory 
impairment was MMSE, where the scale ranged 
from 0-30, and scores <10 suggested severe forms 
of AD77. Statistical examination of the studies 
was based on SD of the changeable variables 
and the size of samples assessed through Begg’s 
test80. The measurements were carried out in 
MIX 2.0 Pro for Excel software, and a 95% p-va-
lue was considered significant80. Interestingly, 
despite a rigorous examination through enough 
patient sample size and relevant controls, the 
effect of NSAID through the meta-analysis study 
appeared less significant, with p-values > 0.0528. 
Analyzing the study, it could be inferred that a 
prior treatment with NSAID may probably have a 
better impact compared to its treatment following 
diagnosis28. Hence, it may also be presumed that 
because the study lacked subjects from preventive 
groups, the observations showed little therapeutic 
effects for the NSAIDs28. Secondly, the number 
of NSAIDs used in meta-analysis was small28. 
However, although the data appeared negative, 
this meta-analysis is one of the very few on 
NSAID and AD, and appears important as it 
emphasized the need for newer studies in this 
context28. Another meta-analysis that explored 
the relationship between NSAIDs and AD ba-
sed on RCTs, PUBMED search, EMBASE and 
Cochrane Database Search Strategy also contra-
dicted the therapeutic role of NSAIDs in AD37. 
The search included seven studies that compri-
sed ADAS-cog and MMSE measures for clinical 
drug trails in AD37. The Neyeloff et al81 method 
for statistical assessment of SMD with 95% pro-
bability factors was adopted81. The I2 statistic 
method of heterogeneity at a range of 0-40%, 
30-60%, 50-90% and 70% to 100% showed 
non-heterogeneity, modest, considerable and ex-
tensive heterogeneity respectively37. Neither the 
ADAS-cog nor MMSE showed any changes in 
NSAID-treatments compared to the placebo and 
differed considerably from the observational fin-
dings82. Additionally, the search from this study 
revealed a match with the “Alzheimer’s Disease 
Anti-inflammatory Prevention Trial study” that 
demonstrated the failure of NSAIDS, naproxen 
or celecoxib, to ameliorate cognitive impair-
ments in an RCT study of USA83. Nonetheless, 
supporting the data obtained from the above 
study, it could be inferred that the RCT for long 
term (more than a year) NSAID exposure may 
be more important for meta-analysis37. Secondly, 
the amount of NSAID that reaches the brain, 
and whether that is sufficient for being effective 
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also needed investigation37. Because of these 
negative results from the meta-analysis studies 
on NSAIDs and clinical trials on AD, few stu-
dies have been conducted along this line. Hence, 
studies on a larger cohort of RCTs and cognition 
are needed. Moreover, it is viewed that rather 
than the conventional NSAIDs, studies may 
better be conducted with the selective Cyclo-
oxygenase (COX)-2 inhibitors as treatments for 
AD84. Meta-analysis of RCTs with a mixture of 
NSAID and COX-2 inhibitors may as well be 
beneficial for the purpose84 (Table IV).

Discussion

To our knowledge, this appears to be the first 
updated umbrella review of meta-analyses that 
examines a wide range, from risk factors to the 
most prevalent therapies in AD. We identified 

diet, psychological condition, lifestyle, age, gen-
der, literacy, education and genotype status as 
major determinants of AD. The current review 
also supports that administration of ChEIs and 
MEM may attenuate AD progression. However, 
although observational studies claim NSAIDs to 
be playing a major therapeutic role in AD, our 
umbrella review fails to reinforce this existing 
concept. 

This appears to be the first complete and 
precise systematic umbrella review and meta-a-
nalysis to date, which considers nearly all known 
variable risk factors for the neurodegenerative 
disorder, AD. Our work involves a detailed search 
of meta-analyses studies of risk factors that could 
be intervened by life-style changes, or through 
preventive, prophylactic, therapeutic and clinical 
measures. Our findings highlighted the hetero-
geneity of variable risk factors for AD and also 
pointed at the intricacies of the disease etiology. 

Treatments	 Search strategy	 Scale	 Statistics	 Outcomes	 Limitations

NSAID: diclofenac, 	 i. MEDLINE,	 i. ADAS-cog.	 95% CI and	 Non-beneficial effect	 All NSAIDs
indomethacin	 ii. Science Direct	 ii. CDR-SOB	 standard deviation	 of NSAIDs for AD	 were given
naproxen, ibuprofen, 	 iii. Cochrane Library	 iii. MMSE			   equal
tarenflurbil					     consideration,
naproxen, ibuprofen 					     despite
or tarenflurbil					     differences	
(Miguel-Alvarez et al). 				   in efficacies

COX-inhibitors	 i. MEDLINE,	 i. MMSE	 95% CI and	 As opposed to	 i. Clinical
(Gupta et al)	 ii. EMBASE, 	 ii. ADAS-cog	 standard deviation	 observational	 heterogeneity
	 iii. COCHRANE			   studies, effects	 ii. Treatment
	 databases	  		  in the meta-analysis 	 conducted for
				    study showed 	 short term	
				    non-significant 	 iii. MMSE 
				    effects of NSAID 	 very high
				    in AD

Non-aspirin NSAIDs	 i. Medline, 	 i. Cognitive	 i. Stata 7.0	 Prospective and	 i. Claimed
Szekely et al)	 ii. Biological abstracts,	 score	 software package	 non-prospective	 inclusion on
	 iii. Cochrane Library	 ii. Activities of	 ii. Q statistic	 tudies showed that	 observational
	 iv. DSM	 daily living score	 (Stata meta program)	NSAIDs reduced	 settings
	 v. NINCDS-ADRDA	 iii. SIB	 iii. Begg’s funnel	 AD risk
		  iv. MMSE	 plots and Egger’s plots	 ii. History of
		  v. CIBIC-Plus	 iv. Stata metabias 		  patients less
					     known
					     iii. Inappropriate 	
					     comparisons

Table IV. Meta-analyses of NSAID therapy in AD.

Abbreviations used: NSAID: Non-steroidal anti-inflammatory drugs; EMBASE: Excerpta Medica database; SIB: Self-injurious 
behavior; ADAS-cog: Alzheimer’s disease assessment scale-cognitive; SMMSE: Standardized mini-mental state examination; 
MMSE-Mini mental state exam; CIBIC-Plus: Clinician’s interview-based impression of change Plus caregiver input; CI-Con-
fidence intervals; CDR-SOB-Clinical Dementia Rating Scale Sum of Boxes (CDR-SOB); NINCDS-ADRDA-National Insti-
tute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association; 
DSM-Diagnostic and Statistical Manual.
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The analysis suggested that a careful conside-
ration of the dietary patterns, education status, 
physical activities and smoking habits may pre-
vent AD pathogenesis. The results indicate that 
potential interventions in behavioral conditions, 
mental and physical degeneration, pre-existing 
disorders, such as cancer, vascular dysfunctions, 
bone erosion, etc., may be promising selective 
strategies for preventing AD15. Additionally, age, 
low education level, and most importantly ApoE 
genotype status played vital determining role in 
AD46,50, and thus deserve special attention. Based 
on our data, additional studies on AD risk factors, 
particularly the physiological conditions and risk 
genotypes of patients appear predominantly es-
sential. Good-quality and large population-based 
investigations and RCTs are also needed to con-
clude upon the risk factors. Moreover, increased 
surveillance and awareness spread may as well 
be promising ways for preventing the disease 
progression, particularly for the less-educated 
and economically backward class.

A major conclusion of this umbrella review 
and meta-analysis is the evidence for the effecti-
veness and safety of ChEIs in AD patients. The 
current review analyzed the effects of ChEIs 
and memantine from several reports and found 
diverse effects. Meta-analysis study by Kobaya-
shi et al68 detected that ChEI treatment si-
gnificantly improved cognitive performances in 
AD68. However, the effects on neuropsychiatric 
symptoms appeared inconclusive. The Bayesian 
NMA data offered a comparative participation 
of donepezil, galantamine and rivastigmine in 
attenuating AD symptoms, and eventually pro-
ved greater therapeutic efficacies of donepezil 
and galantamine relative to rivastigmine68. We 
found the paper by Kobayashi et al68 to be a 
rare and essential one in terms of ChEI and AD. 
However, we observed that few groups sugge-
sted ChEI+MEM as a better therapeutic strategy 
compared to ChEI monotherapy35,55. Matsunaga 
et al35 reported that ChEI+MEM combination 
therapy was more effective for moderate-to-se-
vere AD35. Comparing the studies, we inferred 
that therapeutic strategies in AD are essentially 
dependent on the heterogeneity of stage and se-
verity of AD. However, even for moderate-to-se-
vere AD, the combination of galantamine and 
MEM failed to show any prominent impact35. 
This discrepancy could be explained by the dif-
ferences in their functioning. While galantami-
ne alters the functioning of nicotinic receptors85, 
MEM has the potential to block the same re-

ceptors86. These two contradictory features may 
have nullified the effects of each other, resulting 
in a net non-effectiveness in improving cogniti-
ve performances in AD patients. Interestingly, 
the results of Tsoi et al55 showed that patients 
exposed to early diagnosis and early treatment 
with the ChEIs and MEM had a small beneficial 
effect on the cognitive performances in AD pa-
tients55. Thus it may be deduced that, although 
early recognition of dementia and AD symptoms 
may perhaps have psychosocial advantages, an 
early therapeutic intervention may not be very 
beneficial. Thus, future investigations on ex-
tended follow-up observations may clear the 
doubts on early and late treatments with targe-
ted drugs and the repercussions in AD patients. 
Another meta-analysis study proved that ChEIs 
not only improved the cognitive abilities, but 
also played a beneficial role in attenuating the 
neuropsychiatric problems72. The effects were 
less prominent for anti-depressants and MEM72, 
suggesting the superior role of ChEIs in ame-
liorating cognitive deficits and neuropathology 
in AD. Neuropsychiatric aberrations comprise 
a vital manifestation in AD87,88. Prior to Wang’s 
group, very few studies related the ChEIs with 
neuropsychiatric abnormalities, and thus throu-
gh our umbrella review, we claim the need for 
future research on neuropsychiatric outcomes 
and ChEIs in AD. 

Neuroinflammation is a well-known risk fac-
tor for AD19. Ab and p-tau proteins stimulate 
astroglial and microglial activations that induce 
neuronal apoptosis, and thereby cognitive failu-
res in AD19. Additionally, inflammation also pro-
motes the generation of Ab and p-tau, leading 
to a cycle of neurodegenerative events19. Thus, 
the current review that has brought together 
observations from the meta-analysis studies on 
NSAID and AD seems very useful and appro-
priate. Our work also underscores the contra-
dictory findings of NSAIDs, and rationalizes 
the discrepancies. Preliminary evidence from 
the research of Miguel-Alvarez et al28 failed to 
find any prominent improvements in cognition 
and severity of the disease manifestation when 
treated with NSAIDs28. However, these findings 
had a medical interest because other than the 
cognitive abilities, factors, such as social beha-
viour, attentiveness, language proficiency, and 
the ability to carry along with the daily activity 
had been examined as well28. Based upon the 
compiled data from ADAS-cog and MMSE sco-
res, observations of Gupta et al37 were almost 
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similar to that of Miguel-Alvarez et al28. The re-
sults hardly showed any difference between the 
NSAID-treated and untreated groups28,37. The 
results from the two meta-analysis studies were 
close to that observed in Alzheimer’s Disease 
Anti-Inflammatory Prevention Trial study that 
showed a non-significant effect of naproxen and 
celecoxib in AD89. On the contrary, prospective 
and non-prospective studies by Szekely et al38 
strongly indicate that NSAIDs have a protective 
function in ameliorating AD and also preventing 
the disease occurrence38. However, a sustained 
treatment with NSAIDs was essential to atte-
nuate the risk of AD38. Examining the study, we 
could infer that a long-term NSAID exposure 
is essential for treating AD. The previous me-
ta-analysis studies that failed to link AD and 
NSAIDs may have fallen short in terms of tre-
atment duration. 

Limitations and Future Research
Although the meta-analysis studies and reviews 

accessed provided an idea on risk factors of AD 
and its therapies, particularly ChEIs, memantine 
and NSAIDs, the studies had several limitations. 
The primary drawback was the heterogeneity in 
the sample size, population, duration and physio-
logical condition. Most of the studies involved 
patients of varied severities and low number of 
trials. The number of epidemiological and clini-
cal studies were also few. Hence, higher number 
of human researches with careful consideration 
of study population traits, exposure assessment, 
age, gender specification, etc. is essential to draw 
a perfect conclusion from meta-analyses. Statisti-
cal analysis needs more precision, with distinct 
SE, SD and SMD data. Moreover, the findings 
for meta-analysis were obtained from published 
articles only, and hence a publication bias also 
appeared in the studies. For studies that recruited 
patient population through advertisements invol-
ved self-selection bias. 

Hence, more detailed meta-analyses and su-
perior-quality cohort studies are needed on risk 
factors, therapies and AD that report age, rela-
ted drug treatments, neuropsychiatric symptoms, 
treatment span, etc. The definition of type and 
intensity of cognitive loss deserves special con-
sideration. The cerebrovascular status that also 
determines the extent of AD pathogenesis [90] 
demands investigation. Most importantly, for all 
meta-analysis studies, RCTs with larger sample 
size and population and for longer follow-up pe-
riods are essential. 

Conclusions

This systematic umbrella review and meta-a-
nalysis has identified and compiled relevant me-
ta-analysis studies and reviews on risk factors of 
AD and therapies, particularly, ChEIs, MEM and 
NSAIDs. Our paper offers a profoundly helpful 
resource and reference for researchers and clini-
cians in the field of Alzheimer’s neurodegenera-
tion and therapies. Our umbrella review provides 
a pooled meta-analysis data on the advantages 
and disadvantages of ChEIs, MEM and NSAIDs 
as effective treatments for AD. Nonetheless, fur-
ther research is essential to deduce a strong and 
robust recommendation for the use of these ther-
apies in attenuating symptoms of the dreaded 
neurodegenerative disease.
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