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Abstract

Analgesics are commonly used by older adults, raising the question of whether their use might 

contribute to dementia risk and neuropathologic changes of Alzheimer’s Disease (AD). The Adult 

Changes in Thought (ACT) study is a population-based study of brain aging and incident dementia 

among people 65 years or older who are community dwelling and not demented at entry. Amyloid 

beta 42 and phospho-tau were quantified using Histelide in regions of cerebral cortex from 420 

brain autopsies. Total standard daily doses (SDDs) of prescription opioid and non-aspirin 

nonsteroidal anti-inflammatory drug (NSAID) exposure during a defined 10-year exposure 

window were identified using automated pharmacy dispensing data and used to classify people as 

having no/low, intermediate, or high exposure. People with high NSAID exposure had 

significantly greater amyloid beta 42 concentration in middle frontal gyrus and superior and 

middle temporal gyri, but not inferior parietal lobule; no amyloid beta 42 regional concentration 

was associated with prescription opioid usage. People with high opioid usage had significantly 

greater concentration of phospho-tau in middle frontal gyrus than people with little-to-no opioid 

usage. Consistent with our previous studies, findings suggest that high levels of NSAID use in 

older individuals may promote amyloid beta 42 accumulation in cerebral cortex.
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INTRODUCTION

Analgesics are commonly used medications, particularly among older adults, raising the 

question of whether the use of these drugs has long term effects, such as contributing to 

dementia risk and neuropathologic changes of Alzheimer’s Disease (AD). The Adult 

Changes in Thought (ACT) study is a population-based study of brain aging and incident 

dementia among members of Kaiser Permanente Washington (formerly Group Health) in the 

Seattle area who are 65 years or older and not demented at entry [1–3]. In contrast to several 

earlier epidemiologic studies, which concluded that protracted use of nonsteroidal anti-

inflammatory drugs (NSAIDs) was associated with decreased subsequent risk of 

Alzheimer’s disease (AD) dementia [4–6], ACT investigators observed that high NSAID 

usage was associated with increased risk for clinical diagnosis of AD dementia relative to 

low usage (hazard ratio = 1.55, 95% confidence interval (CI) 1.07–2.24) among 2095 ACT 

participants [7]. CI is defined as frequency of possible confidence intervals that contain the 

true value of the corresponding parameter [8]. Consistent with this observation from ACT, 

clinical trials looking at rofecoxib, celecoxib and naproxen in older cohorts showed that 

exposure to NSAIDs increased risk of progression to dementia [9–11]. One year later, in an 

attempt to refine our understanding of the association between NSAID usage and risk of AD 

dementia in the ACT cohort, we investigated the association between NSAID usage and the 

risk of six different neuropathologic lesions including the two hallmark features of AD, 

neuritic plaques (NPs) and neurofibrillary tangles (NFTs), in the 257 eligible study 

participants who by that time had donated their brain for research. NP score is a semi-

quantitative assessment using CERAD criteria [12]. Using similar definitions for NSAID 

usage as the ACT clinical study, we observed an elevated relative risk (RR), defined as the 

ratio of the probability of an event occurring, only for severe NP score with high NSAID 

exposure (RR 2.37; 95% CI 1.24–4.67) [13].

Recently, ACT investigators expanded their investigation of potential relationships between 

analgesic usage and AD by investigating the association of prescription opioid usage with 

the risk of AD dementia and neuropathologic changes including scores for NPs or NFTs [14, 

15]. Although opioid usage had a modest association with dementia (hazard ratio [HR] 1.29 

with 95% confidence interval [CI] 1.02–1.62 comparing heavy use to little or no use), we 

found no association between opioid exposure and either NP or NFT scores. In contrast, 

people with heavy NSAID use were again observed to have increased risk of high NP score 

compared to those with little to no use, confirming findings from our prior study of a smaller 

sample [13–15].

All previous investigations of analgesics and neuropathologic changes in aging brains have 

used consensus histopathologic scoring, which is convenient because all cases with 

formalin-fixed paraffin-embedded tissue blocks can be included, but is also limited because 

the methods are semi-quantitative, generate only a single score for the entire brain, have 

significant ceiling effects, and lack molecular specificity. The present study’s primary goal 

was to gain insight into molecular changes of AD in association with sustained use of 

different analgesics. We estimated the association between these molecular changes and 

NSAID and opioid exposure (examining both medications to address confounding by 
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indication) and used a novel assay that provides regional quantitative data on Aβ peptides 

and phospho-tau (phospho-τ) to address the limitations of data derived from histopathologic 

scoring [16, 17]. Among the family of Aβ peptides, we focused on Aβ42 because abundant 

observational and experimental data highlight its proximate role in neuron stress and injury 

[18].

MATERIALS AND METHODS

Overview

This study uses data from autopsied participants from a prospective cohort study of older 

adults, the Adult Changes in Thought (ACT) study, which is set within Kaiser Permanente 

Washington (KP) (formerly Group Health), an integrated healthcare delivery system in the 

Northwest U.S. Study procedures have been previously described [1]; we briefly summarize 

them below. Primary analyses include ACT participants who died and underwent autopsy. 

However, to account for potential selection bias that may result from differences between 

these participants and those who were not autopsied, we also used data from the full ACT 

study cohort to inform statistical methods that can help account for selection bias [19]. As 

such, both populations are described below. Study procedures are approved by KP’s Human 

Subjects Review Committee, and participants provide written informed consent.

Study Population

ACT enrolls community dwelling KP members living in or near Seattle, Washington who 

are aged 65+ and non-demented. After a baseline visit, participants are followed biennially 

with an interview, cognitive screening, and physical measurements. ACT previously enrolled 

cohorts during the years 1994–1996 and then 2000–2003, and since 2004 the study has 

maintained an ongoing recruitment process to attempt to maintain an active cohort of 

approximately 2,000 people undergoing follow-up for incident dementia. Our current study 

included participants who had at least one follow-up visit beyond ACT study baseline and 

were enrolled continuously in KP for the 10 year medication exposure window of interest 

(discussed later below). From participants meeting these criteria, we identified an analytic 

sample of 420 people who underwent brain autopsy and had undergone medical record 

review, a protocol performed by ACT that provides important covariate data.

Exposure

Exposure to prescription opioids and prescription non-aspirin NSAIDs was based on 

prescription fills recorded in the KP automated pharmacy dispensing data. Using 

information on the medication ingredient, strength, and number of pills dispensed, along 

with conversion factors, we converted prescription fills to standardized daily doses (SDDs) 

as in prior studies [14, 15, 20]. To clarify interpretation, 1 SDD of opioids in this study is 

equivalent to 30 mg morphine, while 1 SDD of NSAIDs is equivalent to 1200 mg ibuprofen. 

For our analyses, we computed each participant’s total standardized daily doses (TSDDs) of 

opioid and NSAID exposure by summing the SDDs for all dispensings of these medications 

in the exposure window of interest, a window which we now describe below.
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In specifying the time window in which opioid and NSAID exposure would be measured, 

we wanted to ensure a sufficiently long period that could reasonably be expected to capture a 

person’s long-term cumulative medication exposure but that was not so long as to hurt the 

size of the sample eligible for analysis, as each included subject would need to have been 

continuously enrolled in the health plan during that time in order to assess their exposure. 

Further, we wanted an exposure window that only considered medication usage occurring 

prior to any dementia onset, as one could argue that such a period is the most etiologically 

relevant for the targeted associations of interest [15]. Thus to achieve this, we decided on a 

10-year exposure window that covered the period from 11 years prior to dementia onset 

through 1 year prior to onset. Medication used during the year immediately preceding 

dementia onset was excluded because prodromal symptoms of dementia could affect 

medication usage. For participants in our analysis who had not been observed to develop 

dementia, we needed a comparable “index date” relative to which we would measure 

exposure; therefore, they were assigned such a date based on matching to those with 

dementia (using age and year of death or ACT enrollment;, see [15] for additional details).

For NSAIDs, usage groups were defined as no/low (0 to 60 TSDDs), intermediate (61 to 540 

TSDDs), or high exposure (>540 TSDDs). For prescription opioids, the three usage groups 

were defined as no/low (0 to 10 TSDDs), intermediate (11 to 90 TSDDs), or high (>90 

TSDDs). To provide clinical perspective on these groupings, an individual could reach the 

highest level of prescription opioid exposure by using the equivalent of 30 mg of morphine 

daily for more than 3 months, and one could reach the highest NSAID exposure category by 

using the equivalent of 1200 mg of ibuprofen daily for approximately 1.5 years [15]. 

Analyses of associations between medication exposure levels and outcomes of interest 

utilized information on the ACT participants who came to autopsy and underwent medical 

record review, while information on the broader ACT cohort who were not included in the 

autopsy sample was used to adjust (weight) estimates to account for potential selection bias.

A potential concern is that certain NSAIDs available over the counter (OTC) might be 

excluded from the automated pharmacy dispensing data. To understand the extent of this 

potential bias, we found that 14.5% of the 420 ACT subjects used OTC NSAIDs use during 

the relevant window period. Also of note is that 39.3% of the 14.5% of ACT subjects that 

self-reported OTC NSAID use during the relevant window period were already categorized 

as being in the group of the heaviest NSAID users. Thus, at most, 37 ACT subjects could 

have been misclassified as having a lower exposure level than they actually had. 

Realistically, the number of misclassified subjects is probably even less because some of 

these subjects were likely captured using the available pharmacy and claims information. 

Additionally, nearly all subjects with substantial self-reported OTC NSAID use (defined as 

those reporting OTC NSAID use at 2 or 3 separate ACT visits) were already classified as 

heavy users and were rarely seen in the low/no use group. Furthermore, missing some OTC 

NSAID use does not necessarily mean that someone would have been moved into a higher 

NSAID exposure category group (as defined above).
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Histelide Quantification

We quantified regional concentration of Aβ42 (Covance Research Products, SIG-39320, 

Clone 6E10, Mouse monoclonal 1:4000) and Phospho-τ (Thermo Scientific, MN1020, 

Clone AT8, Mouse monoclonal 1:100) in middle frontal gyrus (MFG), superior and middle 

temporal gyri (SMTG), and inferior parietal lobule (IPL) exactly according to a method 

pioneered in our laboratory to obtain quantitative molecular data from formalin-fixed 

paraffin-embedded tissue that we call Histelide, for “histology and ELISA on a glass slide” 

[21]; antibody specificity is reported in Table 2 of this publication [21]. We have shown 

previously in the same autopsy brain regions that Histelide has a linear concentration 

response, and that regions of brain from control cases that lacked phospho-τ or Aβ42 

deposition did not produce signal above noise [21]. Furthermore, Histelide measurements of 

phospho-τ correlate with Braak stage for neurofibrillary degeneration and Histelide 

measurements of Aβ42 correlate with CERAD NP score [22]. Individual Histelide measures 

were missing on 4%–6% of the 420 autopsies because of depleted or missing tissue blocks. 

All available data points were used.

Covariates

Adjusting for covariates helps address the issue of confounding. Covariates were identified 

using ACT study data and KP Washington electronic health data, with detailed medical 

record review performed for autopsied participants. For details, see Dublin et al [15]. 

Briefly, these data sources provided information about age, gender, education, APOE 
genotype, dementia, treatment for hypertension, and history of comorbid illnesses including 

diabetes, stroke, and coronary artery disease (which includes myocardial infarction, 

coronary artery bypass grafting, coronary angioplasty, or angina). APOE genotyping was 

performed using standard techniques [23, 24] and dichotomized as any vs. no copies of the 

APOE Ɛ4 allele.

Statistical analysis

Associations between categorical medication exposure levels and continuous Histelide 

outcome measures were modeled using a generalized linear model with a Poisson 

distribution and a log link; model parameters were estimated using generalized estimating 

equations to account for misspecification of the mean-variance relationship. Such an 

approach in this context allows for estimation of the ratio of the mean Histelide 

concentrations among participants at one medication exposure level to the mean Histelide 

concentrations among participants at another exposure level (the referent group). A separate 

model was estimated for each of the six outcome measures of interest: Aβ42 and Phospho-τ 
in the frontal, temporal, and parietal regions. Primary models included adjustment for ACT 

study cohort (original vs. expansion or replacement), age at death, gender, education (at least 

some college vs. high school or less), treated hypertension, diabetes, stroke, and coronary 

artery disease. NSAID and opioid exposure levels were included in the model 

simultaneously, and thus presented estimates for one medication exposure are adjusted for 

the other medication.

Additionally, models incorporated inverse-probability weighting to account for selection into 

the autopsy sample from the broader ACT cohort. This weighting attempts to make the 
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estimated associations of interest more generalizable by accounting for possible selection 

bias that could be induced by factors influencing who is observed in the autopsy sample—

for instance, characteristics of participants that influenced the risk of death or the likelihood 

of consenting to autopsy. These weights were derived from a logistic regression model 

estimating the probability of inclusion in the autopsy sample as a function of: ACT study 

cohort, age, gender, education, stroke and coronary artery disease, opioid and NSAID 

exposure, and dementia status. To account for uncertainty in estimation of these weights 

used in our outcome models, all 95% confidence intervals presented are computed using 

bias-corrected and accelerated bootstrap standard errors [19, 25].

In secondary analyses, NSAID and opioid exposures were modeled using continuous values 

rather than the categorized versions. For this analysis, the TSDDs of NSAIDs and opioids 

were included in models using cubic spline terms which allow for a more flexible 

association between total exposure (using continuous measures rather than categories) and 

the outcomes. As such, a smooth curve illustrating the estimated mean Histelide 

concentration across a wide spectrum of medication exposure levels (relative to the mean 

Histelide concentration among those with 0 TSDDs of exposure) can be generated.

All analyses were performed using SAS software, version 9.4 (SAS Institute, Inc., Cary, 

NC) and R, version 3.3.0 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

As of September 30th, 2012, ACT had enrolled 4,724 people. Of these, 1874 (40%) had 

died, 478 had undergone brain autopsy, and 420 met our eligibility criteria for analyses. 

Clinical and other characteristics of the 420 individuals whose donated brains were used in 

this study are summarized in Table 1.

We quantified Aβ42 by Histelide and observed that high NSAID usage was associated with 

greater concentration of Aβ42 in the MFG and SMTG but not in the IPL, although there was 

a similar trend in IPL as in the other two regions of cerebral cortex (Table 2). For example, 

mean Aβ42 concentration was estimated to be 44% higher (95% CI: 1.05 – 2.09) in the MFG 

and 39% higher (95% CI: 1.04 – 1.88) in the SMTG for participants with 541+ TSDDs of 

NSAID exposure relative to those with 0–60 TSDDs of NSAID exposure. In contrast, we 

did not find evidence of an association between opioid exposure and concentration of Aβ42 

in any of the three regions of interest (Table 3). Ratios comparing mean Aβ42 concentration 

among the highest and lowest opioid exposure groups were 0.76 (95% CI: 0.50 – 1.06), 1.12 

(95% CI: 0.77 – 1.57), and 0.82 (95% CI: 0.55 – 1.17), for the MFG, SMTG, and IPL, 

respectively.

Secondary analyses using continuous rather than categorized NSAID exposure levels also 

support the conclusion that heavier exposure to NSAIDs (at levels around 540 to 1080 

TSDDs) is associated with higher average Aβ42 concentration in the three regions of brain 

(Figure 1). The solid curves in each plot, which show the adjusted ratio of means comparing 

mean Aβ42 at a given TSDD exposure level to the mean Aβ42 at no exposure, are 

significantly greater than 1 in that exposure range (note: the shaded areas on the plots are 
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pointwise 95% CIs). However, we do not estimate significantly elevated mean Aβ42 at the 

extremely high end of the NSAID exposure spectrum (e.g., >1620 TSDDs), though we 

recognize data at those levels are more sparse. There was no apparent association between 

heavier exposure to NSAIDs (at levels around 540 to 1080 TSDDs) and increased phospho-τ 
concentration in the three regions of brain (Figure 1). The distribution of Histelide measures 

for Aβ42 and phospho-τ are demonstrated in Figure 2.

Analyses of concentration of phospho-τ suggested different relationships than were 

observed for Aβ42. Relative to those with no/low opioid exposure, participants with high 

opioid exposure had greater phospho-τ concentration in the MFG (adjusted ratio of means = 

1.52 with 95% CI = 1.03, 2.24), and a similarly elevated (albeit non-significant) phospho-τ 
concentration in the IPL (ratio = 1.48 with 95% CI = 0.98, 2.19) (Table 3). NSAID exposure, 

however, was not associated with increased phospho-τ concentration in any of the regions 

(Table 2). Ratios comparing mean phospho-τ concentration among the highest and lowest 

NSAID exposure groups were 0.79 (95% CI: 0.57 – 1.13), 1.32 (95% CI: 0.88 – 2.02), and 

1.00 (95% CI: 0.68 – 1.47), for the MFG, SMTG, and IPL, respectively.

DISCUSSION

In 2009, ACT investigators reported that high prescription NSAID usage is associated with 

higher risk for clinical diagnosis of AD (HR 1.55 with 95% confidence interval = 1.07 to 

2.24) using data from 2095 ACT participants [7]. The next year they also observed that high 

NSAID usage is associated with high NP score (RR 2.16; 95% CI, 1.02–4.25) but not other 

features of brain aging, including Braak stage of neurofibrillary degeneration [13]. More 

recently, these investigators showed that increased opioid exposure is not associated with 

greater neuropathologic changes, but that heavy NSAID use is associated with greater risk of 

high NP score [15]. To our knowledge, these studies are the first molecular quantification of 

the intriguing association between protracted NSAID usage and AD. Adequate sample for 

analysis of less common neuropathologic conditions, such as isolated tauopathy or 

synucleinopathy, will require assembly of cases from research cohorts rather than from a 

population-based cohort.

In MFG and SMTG, greater Aβ42 concentration was significantly associated with high 

NSAID usage. The IPL showed a similar pattern but did not attain statistical significance, 

suggesting the possibility that the impact of NSAIDs on Aβ42 may vary by region. These 

findings were further supported by secondary analyses using continuous measures of 

medication exposure. Opioid usage was not significantly associated with increased Aβ42 

concentration in any region. The concordance between our current findings for Aβ42 

concentration and previous findings for NP score are validating since one outcome ranks the 

amount of NPs and the other quantifies the concentration of a major molecular component of 

NPs [15]. Interestingly, high NSAID usage was not associated with phospho-τ concentration 

in any of the three cerebral cortical regions, suggesting that the pharmacodynamics effects of 

NSAIDs may be relatively specific to pathophysiologic processes that lead to increased Aβ 
peptide accumulation in cerebral cortex. Because of the existing epidemiologic literature on 

NSAIDs and AD, we focused on hallmark molecular pathologic changes of AD. Future 

investigations can expand to include Histelide measurement of other molecular pathologic 
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changes that occur commonly in brain of older individuals. In contrast to our more 

consistent data for high NSAID usage and increased cerebral cortical Aβ peptide levels, our 

findings for opioid usage have been mixed. Although not associated with Aβ42 

concentration, we observed that high opioid usage was significantly associated with greater 

phospho-τ concentration in the MFG only. Yet our previous work demonstrates that high 

opioid exposure is not associated with greater Braak stagins for neurofibrillary degeneration: 

the proportion of people with Braak stage V or VI is similar among people with the heaviest 

level of opioid use and those with little to no opioid use (32% vs. 29%, adjusted relative risk 

0.97 [95% confidence interval 0.49–1.78)]) [15]. Phospho-τ is a component of neuritic 

processes in NPs, but also of the more abundant NFTs and neuropil threads of 

neurofibrillary degeneration [26]; all of these structural forms of phospho-τ are quantified 

by the assay used here. One possible explanation for this apparent discrepancy is that Braak 

staging is based largely on the distribution of NFTs in brain, not their density in cerebral 

cortex. Another possibility is that opioids may influence only a subset of phospho-τ 
containing structures, such as those in neuritic processes. We speculate that the limited 

association between opioid exposure and MFG concentration of phospho-τ may offer a 

partial explanation for our previous observation that high opioid use was modestly 

associated with dementia; however, this should be viewed as preliminary until validated in 

other neuropathologic or neuroimaging studies.

One concern in pharmaco-epidemiology research is the possibility of confounding by 

indication. For example, opioids and NSAIDs are prescribed to relieve chronic pain, and it is 

possible that chronic pain, and not the medications used to treat it, is influencing the 

neuropathologic changes of AD in brain. The lack of an association between opioid 

exposure and increased Aβ peptide accumulation in cerebral cortex, as assessed by NP score 

or Histelide measurement of regional Aβ42 concentration, partially mitigates this concern 

since the indications for these two classes of medications overlap to a great extent. The same 

logic applies for our preliminary finding of high opioid usage and MFG phospho-τ 
concentration; NSAID usage is not associated with phospho-τ concentration in any of the 

three cerebral cortical regions. Indeed, the apparently distinct relationships between NSAIDs 

and Aβ42 accumulation and possibly between opioids and regional phospho-τ concentration 

suggest that different mechanisms of action of these drugs, rather than relief of chronic pain, 

may underlie the associations with neuropathologic outcomes.

Several studies have shown that exposure of transgenic mice that express mutant human 

APP to NSAIDs, or to genetic or pharmacologic interventions downstream of COX 

inhibition [27–29], reduces the cerebral cortical concentration of Aβ peptides, including 

Aβ42. The relevance of these studies to human exposures is uncertain [7, 9, 11, 30]. Our 

earlier work using NP score in human tissue appeared to oppose these Aβ studies from 

transgenic mice, but methodological differences undermined direct comparison. The Aβ42 

concentration data from the present study is more directly comparable to methods 

commonly used in mouse models; amyloid concentration is measured by antibody capture 

assays in both species. Still, Aβ42 concentration results from human brain in this current 

study were opposite to the results from our laboratory and others that exposed AD 

transgenic mice to NSAIDs or other manipulations of the prostaglandin signaling pathway 

[27–29, 31]. Although there are numerous examples of therapeutics that were effective in 
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transgenic mouse models that ultimately failed to bring therapeutic benefit to patients with 

AD [9–11, 30], as far as we are aware, these are the first data to indicate that a drug class 

appeared to have the opposite association with cerebral cortical Aβ42 concentration in the 

brains of transgenic mice and humans. There are many possible explanations for the 

apparent opposite relationships between NSAIDs and Aβ42 tissue concentration in humans 

and in mouse models of AD: the transgenic mice are models of an autosomal dominant form 

of early onset AD, not the much more common sporadic late onset disease that we have 

investigated in people; exposure in human subjects is chronic and measured over decades 

while in model systems exposure occurs on a much shorter time scale; the transgenic mice 

express mutant human protein in an otherwise mouse background; the transgenic mice drive 

overexpression of mutant human APP expression using a neuronal promoter; and we know 

little of the relative differences, if any, in prostaglandin metabolism and signaling in mouse 

vs. human brain. Regardless of the mechanism, our results suggest caution in extrapolating 

results from APP transgenic mice to the human condition. An additional possibility to 

explain this discrepancy seen between mice and human could be confounding. This current 

study is observational and not experimental, thus it is possible that people who have had 

NSAID exposure may also have had an array of other exposures (i.e., other pain 

medications, dietary differences, and amount of physical activity) which could influence 

neuropathologic changes in the aging brain. The additional exposures in this particular 

cohort are complex and the limitations of human observational studies need to be 

recognized.

In summary, for the first time, we showed that high NSAID usage was associated with 

greater Aβ42 concentration in MFG and SMTG, but not greater phospho-τ concentration in 

any of the three regions assayed. In contrast, high opioid usage was associated with greater 

phospho-τ concentration in MFG only and was not associated with Aβ42 concentration in 

any region. Our consistent findings for high NSAIDs and NPs as well as regional 

concentration of Aβ42 suggest that high levels of NSAIDs in older individuals regionally 

promote specific AD pathophysiologic processes, and thus may adversely affect cognitive 

health.
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Figure 1. Secondary analysis for Aβ42 and phospho-tau
Plot of total standardized daily doses (TSDDs) of NSAIDs vs. normalized Histelide 

concentrations in the three regions of brain: middle frontal gyrus (MFG); superior and 

middle temporal gyri (SMTG); and inferior parietal lobule (IPL). The solid curve in each 

plot is the adjusted ratio of means for Aβ42 or phospho-tau at a given TSDDs of NSAID 

exposure (on the x-axis) to the mean Histelide concentration at 0 TSDDs of exposure, 

holding other subject covariates constant. The shaded areas on the plots are pointwise 95% 

CIs.
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Figure 2. Distribution of Histelide concentrations for Aβ42 and phospho-tau
Abbreviations: middle frontal gyrus (MFG), superior and middle temporal gyrus (SMTG), 

inferior parietal lobule (IPL).
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Table 1

Characteristics of the 420 Adult Changes in Thought (ACT) individuals included in this study.

Brain Autopsies %

Total 420

Age at death, median (25th, 75th) 89 (84, 93)

Male 179 42.6

At least some college 275 65.5

Treated for hypertension 287 68.3

Diabetes 64 15.2

Stroke 107 25.5

Coronary heart disease 148 35.2

APOE ε4 allele 115 30.0

 Missing 37 8.8

TSDDs of NSAIDs

 0 – 60 222 52.9

 61 – 540 135 32.1

 541+ 63 15.0

TSDDs of opioids

 0 – 10 184 43.8

 11 – 90 177 42.1

 91+ 59 14.0

Parkinson’s disease 7 1.7

Dementia (DSM IV diagnosis) 185 44.0

 AD Type 110 59.5

 Vascular 25 13.5

 Multiple Etiologies 33 17.8

 Other 17 9.2

Column percentages are based on non-missing information. The only variable with missing information was APOE ε4 status (missing for N=37). 
Stroke, coronary heart disease, and diabetes information were based on medical record review of the 10 years during which NSAID and opioid 
medication exposures were assessed. Hypertension was defined as present if an individual had at least 2 fills of an antihypertensive medication 
within a 1 year window any time during the 10 years during which NSAID and opioid medication exposures were assessed. Parkinson’s disease 
status was based on self-report as of the last study visit prior to index date.
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