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Abstract

Alzheimer’s disease (AD) is accompanied by an activation of the innate immune system, and 

many epidemiological studies have shown reduced risk for dementia or AD associated with 

chronic consumption of non-steroidal anti-inflammatory drugs (NSAIDS). These observations led 

to animal model studies to test the hypothesis that NSAIDs can be disease-modifying for some 

aspects of AD pathogenesis. NSAIDS cannot only suppress inflammatory targets, which could 

contribute to neuroprotection, they also slow amyloid deposition by mechanisms that remain 

unclear. Several large clinical trials with NSAID therapies with AD subjects have failed, and 

cyclooxygenase-2 does not appear to be a useful target for disease modifying therapy. However, 

there may be apolipoprotein E E4 pharmacogenomic effects and a real but delayed positive signal 

in a large primary prevention trial with naproxen. This encourages researchers to re-address 

possible mechanisms for a stage-dependent NSAID efficacy, the subject of this review.
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INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDS) including over-the-counter drugs 

ibuprofen and naproxen, have a relatively strong rationale and consistent positive 

epidemiological association for reducing Alzheimer’s disease (AD) risk [1, 2]. In contrast, 

there is little evidence that NSAIDs can be used to treat established AD. Despite some initial 

promise from small trials with indomethacin and diclofenac, NSAID trials for 12–18 months 

with established AD have been disappointing including a mild cognitive impairment (MCI) 
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conversion trial with a selective cyclooxygenase-2 (COX-2) inhibitor (rofecoxib), which 

was definitively negative and may have even increased pathogenesis [3]. Also, there has not 

been strong epidemiology supporting selective COX-2 inhibitors. The epidemiology data 

have consistently shown a duration of use or lagging effect of at least 2 years for reduced 

risk with conventional NSAIDs [4]. More recent results with nearly 50,000 dementia cases 

and several hundred thousand control subjects from the Veterans Affairs database have 

confirmed that chronic use of ibuprofen or naproxen is associated with significantly reduced 

AD risk [5]. To address whether chronic inflammation is present in animal models and 

whether NSAIDs may act causally to slow AD pathogenesis, our group initially looked for 

and found a quantifiable inflammatory glial response in amyloid precursor protein (APP) 

Tg2576 AD model mice [6]. We then tested ibuprofen, the NSAID with the strongest 

association with reduced risk from epidemiology, to see whether it could reduce 

inflammation in APP Tg2576 mice. Ibuprofen not only reduced brain interleukin 1β levels 

and astrocyte and microglial activation, but also amyloid plaque pathogenesis present in the 

APP Tg2576 model [7]. Control of inflammation with anti-inflammatory drugs was 

anticipated, but reduced accumulation of amyloid plaques, a central pathological feature in 

AD, was an exciting surprise. In general, these anti-amyloid effects have been confirmed 

and extended [2, 8, 9] (Table 1). However, the mechanisms involved remain unclear. The 

following year, Weggen et al. [10] demonstrated that a selective subset of NSAIDs, 

including ibuprofen and indomethacin (but not naproxen), can reduce γ-secretase production 

of amyloid β-peptide (1–42) (Aβ42). However, both naproxen and ibuprofen [5] and perhaps 

other NSAIDs, including aspirin that lack “selective Aβ42 lowering agent” activity still 

appear to reduce AD risk [11]. Therefore, AD risk reduction likely can also derive from 

other mechanisms, possibly including to their common property of COX inhibition. 

Consistent with this, we reported that in vivo anti-amyloidogenic dosing with ibuprofen 

produced central nervous system levels that were in the low µM range, sufficient to inhibit 

COX-1 and COX-2 as well as interleukin-1 and other inflammatory mediators, but did not 

seem to be high enough to produce adequate γ-secretase modulation based on the in vitro 

dosing needed for that activity [12]. In addition, ibuprofen reduced amyloid burden in Aβ-

infused rats, arguing against γ-secretase playing an exclusive role to reduce burden [12].

RESULTS OF HALTED PRIMARY PREVENTION ADAPT TRIAL: FIRST 

NEGATIVE, THEN POSITIVE? RELEVANCE TO STAGE-DEPENDENT 

MECHANISMS

Here we discuss the results of the Alzheimer’s disease anti-inflammatory prevention Trial 

(ADAPT), questioning the conclusion that NSAIDs simply failed to prevent AD. The issues 

are complex, requiring an in-depth discussion to interpret and understand the findings. The 

ADAPT trial enrolled 2,528 patients over 70 with a family history of AD to compare the 

effects of twice daily 220 mg naproxen, 200 mg COX-2-selective Celebrex or placebo [23]. 

Although at the start of the trial these subjects were cognitively normal, they were chosen 

based on a family risk for AD. At the time of enrollment it was understood that some 

subjects would be well along in the pro-dromal period of AD pathogenesis and therefore at 

risk of beginning cognitive decline. Unfortunately as will be discussed, there was a failure to 

exclude some individuals with pre-existing cognitive deficits.
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After median time 1.5 years duration on NSAIDs, the ADAPT trial was halted in December 

2004. Not only were there slight increases in gastrointestinal bleeds and fatal and non-fatal 

heart attacks and strokes in the 2 NSAID groups, but also cognitive testing was showing 

significantly lower global summary cognitive scores in both NSAID groups, and there was 

already a disturbing non-significant trend in the intent to treat for NSAIDs to increase 

conversion to AD [23]. As will be explained in the subsequent discussion, extended follow-

up on subjects from this seemingly negative study provided a much more complex picture 

with the emergence of possible stage-dependent protective effects. In the initial data, 

naproxen may have had more of an adverse effect on subjects with baseline deficits, 

possibly because of a stage-dependent alteration in the immune response. For example, in 

patients with cognitive deficits and established AD, a microglial dystrophy with fragmenting 

of processes has been reported associated with neurofibrillary tangles that is phenotypically 

distinct from the amyloid-associated microglial activation seen at earlier stages [24]. This 

novel observation indicates a potential dysfunction of microglial interactions that may 

explain a failure in responsiveness to any stimuli, including NSAIDs. One molecular 

mechanism that may help explain a hypothesized loss of responsiveness to anti-

inflammatory stimuli could involve the anti-inflammatory microglial cell regulator CD200 

and its receptor, which were both recently reported to be reduced in AD brain [25] and 

suggested to impede normal microglial response to inhibitory stimuli. Consistent with 

possible stage-dependent efficacy, later stage NSAID interventions were less effective in 

APP transgenic models (Table 1). NSAIDs could also exert possible negative effects by 

inhibiting potential protective effects of cytokines. For example, interleukin-6 has been 

proposed to be neuroprotective and clear plaques in an APP transgenic model [26]. While 

NSAIDs might therefore increase pathogenesis by reducing interleukin-6, mixed COX 

inhibitors have not been shown to increase deposition or accelerate pathogenesis (see Table 

1).

Adverse effects observed at late intervention (post-MCI) with mixed COX inhibitors may be 

independent of inflammation, for example by interfering with constitutive neuronal COX-2 

required for memory retention [27]. While COX-2 over-expression is implicated in playing 

some role in early AD, and one trial demonstrated benefits pre-MCI [28] and COX-2 

antagonism can protect acute effects of long-term potentiation (LTP) (pre-pathology in an 

animal models [19] COX-2 antagonism has failed in trials post-MCI and in exerting robust 

effect on plaque pathogenesis in animal models (see Table 1 and next section). This is in 

contrast to COX-1 inhibition, where in a recent randomized placebo-controlled NSAID trial 

with pre-AD intervention, the TRIMCI study, employing a prescription aspirin-like COX-1 

inhibitor, Triflusal, to try and delay cognitive decline in MCI patients over an 18-month 

period. The trial was halted early (median 13 months on drug) even though there were no 

adverse effects reported because of poor enrollment, but demonstrated a significant delay in 

the probability of progression to AD [29].

Even though the ADAPT trial had been halted, 2,000 subjects were followed to examine the 

possibility of a delayed or lagging protective activity. Longer term follow-up at an average 

of 3.5 years after drug dosing and 2 years after drug was halted, revealed a very different 

picture than initial findings. Some patients in all groups were determined to have had 

baseline cognitive deficits, and when these patients were removed from the analysis and 
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only new cases considered, the naproxen group, but not the selective COX-2 inhibitor group 

had 67% less AD risk, a statistically significant protective effect [30]. A positive result with 

early intervention (pre-MCI) but not late intervention (post-MCI) is consistent with both the 

epidemiology and animal model data (Table 1). COX-dependent risk reduction appears 

relevant because the COX-1/ COX-2 inhibitor naproxen arm, but not the COX-2 specific 

inhibitor Celebrex arm was positive on follow-up. Furthermore, naproxen use was 

associated with a 40% reduction in AD cerebrospinal fluid (CSF) tau: Aβ42 ratio compared 

to placebo or Celebrex in a study of 117 of the subjects randomized to drug in the ADAPT 

trial [30]. These differences were in samples taken 21–41 months after the drug was 

discontinued. In summary, AD pathogenesis was apparently suppressed or delayed by the 

mixed COX-1 and COX-2 inhibitor naproxen, but not by COX-2 selective inhibition at a 

pre-clinical stage of AD in humans.

There are caveats. The number of subjects converting to AD remains small and could merely 

be a statistical Type II error. For example, it is possible that this new result represents 

chance effects obtained by excluding the dementia cases that were accelerated in the earlier 

report. The patients continue to be followed, and additional data will be needed to clarify the 

results.

These potentially exciting results suggest that early NSAID intervention may yet prove 

useful, but powering these studies and recruitment have been problematic. Follow-up on 

ADAPT is currently being pursued by Breitner and colleagues who will continue to follow 

and re-evaluate subjects in the ADAPT trial groups as they age. The ADAPT results 

certainly need confirmation, but they further encourage us to try to understand how and 

when naproxen or ibuprofen COX inhibition may protect against AD pathogenesis in animal 

models and in the clinic. That said, long-term naproxen safety concerns led to halting the 

ADAPT trial after 2 years. At the dose employed, persistent naproxen use for more than 2 

years is well known to increase risk for gastrointestinal bleeds. Thus, it would be most 

practical if lower dosing proved to be efficacious and for a shorter duration (eg. 2 years), 

particularly since late intervention may have detrimental effects on cognition.

The ADAPT trial raises many questions, for example: did it really show protection and if so, 

how can we improve upon conventional NSAID safety and efficacy to protect more 

individuals in at-risk elderly populations? Can alternative NSAIDs, proton pump inhibitors, 

or lower NSAID doses or shorter courses of therapy or safer NSAIDs be used? If NSAIDs 

can really work, but only if they are introduced prior to MCI, might that also be true of other 

potential interventions? Most important, how can we reconcile the new ADAPT clinical trial 

data and consistent evidence from epidemiology that chronic exposure to an NSAID like 

naproxen can delay AD onset but clearly fail to arrest decline in clinical trials with 

established AD? What is the likely mechanism of action?

NSAID MECHANISMS FOR PROTECTING NEURONS AND COGNITIVE 

FUNCTION

A case can be made for COX-2 based on the theory that increased excitotoxic activation is a 

major early cause of neurotoxicity in AD and AD models [31]. Increasing COX-2 
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potentiates excitotoxicity [32], and increased neuronal COX-2 is found both at early stages 

of AD pathogenesis in humans [33, 34] and with Aβ-induced neurodegeneration in animals 

[35]. This suggests that COX-2 might be a useful NSAID target to inhibit neurodegeneration 

related to excitotoxicity in AD.

With Ashe and colleagues (Univ. Minnesota), we have explored how naproxen and 

ibuprofen can be protect LTP in vitro and cognitive function in vivo, and concluded that 

NSAIDs with COX-2 inhibitory activity can block Aβ oligomer-induced LTP deficits in 

vitro and early cognitive deficits in APP transgenic mice [19]. These data support a COX 

inhibition-dependent mechanism not requiring soluble Aβ lowering activity from γ-secretase 

modulation. This would be consistent with recent meta-analysis that concluded apparent 

protective effects in humans was independent of γ secretase modulation and related Aβ42 

lowering activity [11]. However, in this Tg2576 mouse study where the model has limited 

neurodegeneration, a selective COX-2 inhibitor showed some benefits at early time-points 

or after acute administration to hippocampal slices. This suggested COX-2 as an important 

target. A role for COX-2 as an important NSAID target at early stages is also consistent with 

data, which show a cognitive benefit with mild memory complaints and glucose utilization 

measured by fluorodeoxyglucose(18F)-positron emission tomography [28]. But ultimately, 

COX-2 inhibitors have not worked in clinical trials and the COX-2 inhibitor rofecoxib was 

even associated with increased AD in a trial with MCI patients [3]. Since Celebrex also 

failed to prevent or delay AD in the ADAPT trial, there is limited remaining rationale to 

pursue selective COX-2 inhibition and its potential neuroprotective role as the primary 

target sufficient for AD prevention. COX-2 inhibitors have not proved to show major Aβ 

lowering effects in vivo. In fact, our unpublished data show a major increase in β-amyloid 

deposition (Frautschy et al., unpublished) and others have reported that some COX-2 

inhibitors may increase Aβ production [14].

The more obvious remaining primary target based on failed human and animal model trials 

is COX-1 [2]. COX-2 shows higher expression in neurons, while COX-1 is the major COX 

isoform in reactive microglia and appears to be a better target for controlling inflammation 

[33]. Thus, although COX-1 is generally regarded as a non-inducible “housekeeping” 

enzyme and targeting it could be considered to have adverse gastrointestinal effects, as with 

mixed COX inhibitors, COX-2-specific inhibitors may increase cardiovascular risk [36].

It is also possible that NSAIDs might have direct effects on tau pathology. In triple 

transgenic mice expressing mutant APP, presenilin 1 and tau, ibuprofen not only reduced Aβ 

(intraneuronal) but also phosphorylated tau pathology [20]. Because ibuprofen slows Aβ 

accumulation, which is known to drive tau accumulation in this model [37], it remains 

unclear whether or not these ibuprofen effects on tau are simply secondary to Aβ reduction. 

However, if NSAIDs really had a significant primary activity that involved preventing the 

accumulation of tau pathology, one might predict that NSAIDs would prevent progression in 

established AD. This is because tau pathology is sufficient to drive cognitive decline in other 

forms of tauopathy, for example frontotemporal dementia with tau mutations, where 

progression of tau pathology correlates with continuing cognitive decline throughout the 

progression of AD from mild to severe stages. However, NSAID use is not associated with 

less tau pathology but with an index of some efficacy, namely fewer reactive glia [38, 39].
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HYPOTHESIS: THE PRIMARY MECHANISM OF CHRONIC NSAID USE IS TO 

DELAY AMYLOID ACCUMULATION AND AD ONSET (SEE FIG. 1)

Genetic data show that mutations which increase Aβ42 production accelerate AD onset prior 

to age 65. Similarly, Apolipoprotein E (ApoE) ApoE4 accelerates amyloid accumulation and 

has its most dramatic effect accelerating age of AD onset [40]. Early and chronic NSAID 

exposure has the opposite effect and delays AD onset [4, 41]. In contrast, chronic NSAID 

exposure only in the two years prior to AD does not protect in the epidemiology [42, 43]. 

Consistent with this, large clinical trials with NSAIDs including naproxen have failed to 

improve cognitive function or slow AD progression in mild to moderate AD [23, 44]. 

Instead, NSAIDs appear to protect best against very early events including initial cognitive 

decline and onset, primarily in those with ApoE4 and without reference to γ-secretase 

modulatory activity [45, 46].

The events leading to AD during the pro-dromal period of plaque and tangle buildup include 

an initial buildup of amyloid (found in 20–40% of cognitively normal elderly) that is 

followed first by an increase in CSF tau, reflected in a higher CSF tau/Aβ42 ratio. This is 

then followed by more pronounced brain atrophy detected by magnetic resonance imaging 

(and in cross-sectional data by synaptic marker loss), which is fairly proximal to and most 

predictive of memory decline within a few years [47]. Complex neuroinflammatory changes 

are intimately related to and proximal to the pathology buildup. NSAIDs could block any or 

all of these steps. For example, NSAIDs can prevent but cannot reverse the neuronal cell 

cycle reentry hypothesized to cause neurodegeneration, which provides an intriguing and 

plausible mechanism for stage-dependent neuroprotection [48]. Based on this evidence one 

might hypothesize that if NSAIDs really can delay AD, it is most likely due to influencing 

causal events in the pathogenesis which precede the closer correlates of cognitive decline 

like tau pathology or synapse loss. The most obvious primary initiating event determining 

age of onset is amyloid accumulation, and this endpoint is clearly delayed by early 

intervention with ibuprofen but not selective COX-2 inhibitors in animal models.

One obvious alternative possibility is that NSAIDs with COX-1 inhibitory activity can act to 

suppress a chronic inflammatory feedback loop involved in early events in the pro-dromal 

period of AD pathogenesis, for example, Aβ accumulation [7]. NSAIDs may also suppress 

pro-inflammatory S100β, which is elevated prior to Aβ deposition in Tg2576 where it 

promotes Aβ accumulation [49].

A delay or reversal in the build-up of amyloid and secondary downstream tangle pathology 

may significantly extend this decades long process. which lags clinical onset [50]. Further, a 

delay or reversal of amyloid accumulation might be expected to persist after treatment is 

halted as in the ADAPT trial, where there appeared to be a lagging effect. In addition, 

because different cytokines clearly have different effects that can differentially impact 

amyloidogenic and inflammatory components of the disease, we cannot assume that all 

NSAIDs will act like naproxen. Some NSAIDs may delay onset but have no effect on 

progression, while others may accelerate onset but slow progression.
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ALTERNATIVE NSAID MECHANISMS FOR AMYLOID REDUCTION

The epidemiology data remain robust for naproxen and ibuprofen (except for the frail 

elderly on very high doses). Also, the ADAPT trial suggests that naproxen may be disease-

modifying. Therefore, protection via alternative mechanisms involving anti-inflammatory 

pathways acting through COX inhibition (and shared with naproxen) have to be carefully 

examined [12]. More than one mechanism is likely involved. 1) NSAIDs may reduce Aβ 

production by lowering pro-inflammatory cytokines that upregulate expression of APP [63] 

or 2) reduce β-site APP-cleaving enzyme 1 [64] or, 3) reduce aggregation by limiting 

production of the pro-amyloidogenic co-factor α1ACT [12, 65]. 4) In addition, conventional 

NSAIDs may increase Aβ clearance by microglia by lowering prostaglandin E2 and its EP2-

receptor-mediated suppression of Aβ clearance [66, 67]. 5) NSAIDs may act to protect or 

favor amyloid clearance, a vaccine-like effect that might reduce pre-existing amyloid 

deposits. For example, microglial or astrocyte clearance of Aβ deposits is active at early 

stages of amyloid accumulation and influenced by immunomodulatory cytokines and 

chemokines [68, 69], which may be enhanced or protected by NSAIDs.

However, the idea that NSAIDs may increase Aβ clearance by engaging phagocytic 

microglia or astrocytes is a controversial area. Careful 3D reconstruction of microglia 

around established amyloid plaques has failed to reveal microglial phagocytosis of Aβ in 

vivo in APP23 mice [70], consistent with earlier reports in AD tissue. However, the role of 

microglia associated with plaques has long been controversial [71] and may depend on 

stage, plaque-type and the state of monocytic cell differention [72]. Anti-Aβ antibody can 

stimulate microglial phagocytosis [73, 74] but antibody may not be required, as microglia 

clearly recognize plaques without immunization, but phagocytosis is blocked. In contrast, 

invading monocytic lineage dendritic cells can clear pre-existing deposits with appropriate 

stimulation [75]. In vivo studies have shown multiple immune factors appear to influence 

microglial amyloid clearance [76]. Finally, microglia can play a role in soluble Aβ 

clearance, including ApoE-dependent endolytic peptide clearance [77].

Alternatively NSAIDs may facilitate clearance by invading monocytic lineage cells. For 

example, NSAIDs may shift the balance of pro- versus anti-inflammatory cytokines 

(interleukins 4 and 10) and increase amyloid clearance, which was reported to be increased 

by interleukin-4 [75]. The role of traditional anti-inflammatory cytokines is not 

straightforward, as stimulating the prototypical anti-inflammatory cytokine transforming 

growth factor-β can increase amyloid deposition in an Aβ injection model [78] and blocking 

it can mitigate amyloidosis and increase peripheral macrophage-associated Aβ clearance 

[79]. It is possible that NSAIDs have similar effects.

AN ApoE4-DEPENDENCE OF NSAID PROTECTION?

Additional mechanistic questions are raised because recent epidemiological studies suggest 

that although both ApoE genotypes may respond to NSAIDs, the ApoE4 patients may be 

better responders [45, 46, 80]. This may reflect evidence of greater susceptibility to 

oxidative damage and inflammation in animals and individuals with ApoE4 [81]. For 

example, ApoE4 subjects have significantly higher levels of α1 anti-chymotrypsin (ACT) 
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[82], a mixed COX inhibitor NSAID target in APP transgenic mice [12]. Higher plasma 

levels of ACT and several other inflammatory markers have been associated with increased 

dementia and AD risk in the Rotterdam study [83]. This may mean that plasma biomarkers 

like ACT could be used to help predict who is most likely to benefit from an NSAID 

prevention program. However, NSAIDs alone were insufficient to control oxidative damage 

in APP transgenic mice, suggesting that NSAIDs should be combined with antioxidants. 

Indeed, individuals who use both NSAIDs and antioxidants did show slower cognitive 

decline in the Cache County study, but again only in those with ApoE4 [84]. Further work 

with NSAIDs in AD animal models expressing human ApoE4 and ApoE3 may help 

determine whether candidate NSAID/APOE pharmacogenomic interactions related to 

inflammation and amyloid that can perhaps be observed and better understood in animal 

models than diverse clinical populations. This is an area of obvious relevance to the design 

of clinical trials for prevention.

NSAID EPIDEMIOLOGY, ApoE4 RISK AND EFFECTS ON HUMAN 

PATHOLOGY

Studies of twins and siblings with presumed equivalent genetic AD risk but discordant for 

NSAID use have shown that NSAID use appears to prevent or delay the onset of AD by 

roughly a decade [41]. Subsequent positive NSAID epidemiology data have been clearest 

with earlier onset AD cases [43, 85] but not all studies with later onset AD subjects have 

shown protection. For example, one recent publication observed that NSAID consumption 

actually appeared to increase AD risk in a Seattle area cohort, average age 82 [86]. The 

authors of this study offered one possible explanation, that many of the NSAID users may 

have been at risk for earlier onset, but delayed their AD onset by NSAID use. This 

possibility would only make sense if NSAIDs selectively delayed AD more effectively in 

earlier onset subjects, for example those with ApoE4 risk than those with later onset. 

Another recent study with a “Religious Orders” cohort concluded there was no protective 

effect of NSAID use on either AD risk or the development of amyloid and tau pathology 

[87]. Again, one possible factor explaining lack of NSAID protection would be that the 

average age at death in this cohort was 86, which is consistent with less ApoE4 risk and 

possibly fewer subjects who are potentially those best protected by NSAIDs. A hint of 

clinical trial evidence that this may be true comes from a 12-month randomized, controlled 

trial in 132 subjects with 800 mg of ibuprofen with a proton pump inhibitor or placebo. They 

found no overall impact of treatment on the Alzheimer's disease assessment scale-cognitive 

subscale, but a lack of progression only in the subgroup of 27 ibuprofen-treated ApoE4 

subjects [88]. The study is underpowered to draw firm conclusions, but this is consistent 

with the epidemiology cited above.

Whether NSAIDs better protect ApoE4 subjects has also been raised in a study of AD 

pathology in NSAID users. Consistent with this possibility, reduction of reactive glia 

appeared greater in those with ApoE4 genotype, even though NSAIDs did not reduce Aβ 

accumulation [39]. Reduced reactive glia in the absence of reduced amyloid could be 

consistent with reduced neurodegeneration, but neurodegeneration was not measured. One 

caveat to interpreting these correlations with pathology in relation to NSAID risk reduction 
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is that the subjects were all AD cases and typically end-stage. The pathology results may not 

reflect the impact of pro-dromal/ pre-clinical NSAID use in individuals who may have 

prevented or delayed AD. Another, perhaps more likely explanation of this discordant 

negative Religious Orders study is that the participants’ level of NSAID exposure was low. 

Consistency of NSAID exposure was calculated as an index based on the fraction of annual 

visits where NSAID use was recorded. The authors reported “for the variable assessing 

consistency of NSAID use during the follow-up period the mean score was 0.17 (SD 0.26) 

for the non-aspirin NSAIDs with a value of 0.07 and an SD of 0.16 for ibuprofen … 

indicating that relatively few subjects had been consistent users…”. In contrast, risk 

reduction and delayed cognitive decline have been the norm in studies documenting 

consistent NSAID use.

ALTERNATIVE NSAIDs

Because of the toxicity issues associated with chronic NSAIDs, our group and others have 

pursued alternatives including plant flavonoids, the polyphenolic NSAID antioxidant 

curcumin and omega-3 fatty acids. Omega-3 fatty acids found in fish and fish oil are 

associated with reduced AD risk and limit pathology in our AD animal models [89–91] and 

similar results have been obtained by others. Like NSAIDs, docosahexaenoic acid (DHA) 

and omega-3 fatty acids may have major ApoE pharmacogenomic differences (reviewed in 

[92]). The pharmacogenomic effect of DHA may be more robust than NSAIDs, but the 

relationship is complex, as unlike NSAIDs ApoE3 patients may respond better to DHA 

compared to ApoE4 patients [92]. This raises the question as to whether DHA and NSAIDs 

may synergize to minimize potential differences in ApoE3 vs ApoE4 responses. Some initial 

clinical trial data indicate omega-3 fatty acids may also potentially slow progression from 

early stage AD [93], and this result has some support from other suggestive, albeit still 

inconclusive trials. Because dietary DHA can competitively reduce brain arachidonic acid 

and its metabolites, it exerts some NSAID-like activity. DHA has a great safety profile but 

omega-3 fatty acids are usually used as adjuncts because they are not potent anti-

inflammatory drugs, and omega-3 fatty acids from fish did not lower inflammatory markers 

in CSF from patients with established AD [94]. Thus, omega-3 fatty acids, which are 

pleiotropic and appear likely helpful if given early, are unlikely to be an adequate substitute 

for conventional NSAIDs.

The curry spice curcumin is another alternative NSAID that can reduce inflammatory 

markers and amyloid in AD model mice [95]. However, small initial clinical trials in AD 

patients have not been successful, possibly because of bioavailability problems and the need 

for NSAIDs to be given pre-clinically. In addition to NSAID activity, curcumin is 

pleiotropically neuroprotective and also has direct anti-amyloid activity [96, 97]. Because 

conventional curcumin formulations have poor bioavailability problems in human clinical 

trial data, we recently compiled animal model data on the blood and brain curcumin levels 

obtained with various routes of administration, and the levels achieved in relation to levels 

required to control inflammation and amyloid in AD model mice [98]. Because of 

bioavailability problems in humans, new oral formulations with better delivery have been 

developed which appear to deliver anti-inflammatory levels. These formulations are 

currently in clinical trials for inflammatory diseases and AD. Other plant-derived 
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polyphenols with NSAID activity have been tested in animal models, and may also provide 

potentially safer alternatives for AD.

CONCLUDING REMARKS

Converging data from epidemiology, clinical trials, and animal models suggest that NSAIDs 

with COX-1 inhibitory activity can delay AD pathogenesis at the level of amyloid 

accumulation by mechanisms that are not entirely clear. In contrast, many conventional 

NSAIDs have toxicity issues with chronic use (depending on efficacious dose) and are not 

effective in slowing the progression of subjects with mild to moderate AD. They are likely 

to be most clinically relevant in ApoE4 carriers. NSAIDs may exert multiple mechanisms 

for slowing amyloid accumulation, some depend on the type of NSAID (γ secretase 

modulation), but most NSAID mechanisms are likely to include an effect on COX-1. In 

addition, mechanisms may include immunomodulatory activity, perhaps influencing the 

innate immune system and amyloid clearance. Safer alternative NSAIDS include the 

omega-3 fatty acid DHA, which may work better in ApoE3 patients, and the polyphenolic 

antioxidant/NSAID curcumin. These also lower amyloid accumulation in animal models and 

may be most useful for prevention. One may speculate that other treatments with favorable 

safety profiles that delay amyloid accumulation in transgenic mice that model segments of 

the pro-dromal period of AD may be similar and potentially useful for delaying AD onset, 

but ineffective in slowing AD progression.
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Fig. (1). NSAIDs act in the pro-dromal period
AD pathogenesis begins with genetic or environmental risk factors that accelerate through a 

prolonged period of at least several decades of Aβ (plaque) and phospho-tau (ptau) (tangle) 

pathogenesis and later plateau based on studies in Down’s syndrome [51, 52] and cross-

sectional studies of cognitively intact individuals dying with AD pathology prior to 

cognitive deficits [50, 53]. Imaging and cerebrospinal fluid biomarker studies both confirm 

that amyloid accumulation and tau pathology clearly precede cognitive decline defined as 

mild cognitive impairment (MCI) by at least several years [54–56]. The transition from 

cognitively normal to MCI is accompanied by increased ultrastructural and gene expression 

evidence for increased synapse loss in AD vulnerable regions [57, 58]. This synaptic marker 

loss includes an early loss of N-methyl-D-aspartic acid receptor subunits [59] and drebrin 

[60, 61], a marker for excitatory synapses [62].
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