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Background and aims: Pain is common in older adults but may be undertreated in part due to concerns
about medication toxicity. Analgesics may affect cognition. In this retrospective cohort study, we used
the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database to examine the interaction of cognitive
status and medications, especially non-steroidal anti-inflammatory drugs (NSAIDs). We hypothesized
NSAID use would be associated with cognition and that this could be mediated through changes in brain
structure.

Methods: In this post hoc analysis of the ADNI database, subjects were selected by searching the “concur-
rent medications log” for analgesic medications. Subjects were included if the analgesic was listed on the
medication log prior to enrollment in ADNI and throughout the study. Subjects taking analgesics, particu-
larly NSAIDs, at each study visit were compared to control subjects taking no analgesics. Using descriptive
statistics as well as univariate, multivariate and repeated measure ANOVA, we explored the relationship
between NSAID use and scores for executive function and memory related cognitive activities. We fur-
ther took advantage of the extensive magnetic resonance imaging (MRI) data available in ADNI to test
whether cognitive change was associated with brain structure. The multitude of imaging variables was
compressed into a small number of features (five eigenvectors (EV)) using principal component analysis.
Results: There were 87 NSAID users, 373 controls, and 71 taking other analgesics. NSAID use was associ-
ated with higher executive function scores for cognitively normal (NL) subjects as well as subjects with
mild cognitive impairment (MCI). NSAID use was also associated with higher memory scores, but for NL
females only. We analysed MRI data using principal component analysis to generate a set of five EVs.
Examining NL and MCI subjects, one EV had significantly larger values in subjects taking NSAIDs versus
control. This EV was one of two EVs which significantly correlated with composite executive function
and memory scores as well as cognitive diagnosis.

Abbreviations: ADNI, Alzheimer’s Neuroimaging Initiative Database; NL, cognitively normal; MCI, mild cognitive impairment; ADNI-EF, composite score for executive
function; ADNI-MEM, composite score for memory; EV, eigenvector; CDR, clinical dementia rating; CFI, confirmatory fit index; TLI, Tucker Lewis Index; RMSEA, root mean
squared error of approximation; PCA, principal component analysis.
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Conclusions: NSAID use was associated with higher executive function, and memory scores in certain
subjects and larger cortical volumes in particular regions. Limitations of the study include secondary
analysis of existing data and the possibility of confounding.
Implications: These results suggest it is important to consider the secondary effects of medications when
choosing a treatment regimen. Further prospective studies are needed to examine the role of analgesics
on cognition and whether NSAIDs act through cortical dimension changes and how they are related to
gender and cognitive diagnosis.

© 2017 Scandinavian Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction

Pain is common in older adults. In studies of community-
dwelling older adults aged 65 or greater in the United States, the
prevalence of reported pain ranged from 52.9 to 78.3% [1,2]. In
studies of community-dwelling older adults with dementia the
prevalence of pain was 52.9-57.3% by self-report, greater with care-
giver report [3,4].

Pain may be pharmacologically undertreated in older adults.
In a study of community-dwelling adults aged 65 and greater, of
those subjects who reported pain, 28% were not using pain medi-
cations [2].In a study of older adults aged 70 or greater, only 29% of
those reporting chronic pain were using analgesics daily [1]. Pain
may be undertreated in older adults in part due to concerns about
medication toxicity. In choosing therapy it is important to consider
side effects and to weigh the risks and benefits of each class of
drug. Age related changes occur that may affect the pharmacoki-
netic and pharmacodynamic responses to medications. Comorbid
conditions are common and can further affect the response to
drugs [5]. Acetaminophen may be associated with hepatotoxic-
ity. Older patients using non-steroidal anti-inflammatory drugs
(NSAIDs) may be at greater risk of gastrointestinal side effects [6].
NSAIDs also have renal and cardiovascular risks [7]. Opioids may
be associated with increased risk of injuries such as falls and frac-
tures in older adults [8]. Opioids also carry risks such as respiratory
depression, constipation, and nausea.

Analgesics may also affect cognitive function. In some studies,
opioid treatment in subjects with chronic pain had adverse effects
on cognition [9,10]. In a longitudinal study, the use of opioids alone
or in combination with benzodiazepines or other centrally acting
medications at baseline predicted cognitive decline at follow-up
in an elderly population [11]. In other studies, opioid treatment in
subjects with chronic pain has been shown to have either no or pos-
itive effects on cognition, suggesting reductions in pain may have
beneficial effects on pain-related cognitive impairment [12-14].

Interestingly, the role of NSAIDs in modulating the risk of
Alzheimer’s disease (AD) has been studied in recent years. Sev-
eral epidemiological studies have shown the use of NSAIDs may
decrease therisk of developing AD [15-17]. Some longitudinal stud-
ies have shown NSAID use is associated with less cognitive decline
over time compared to no use [18,19]. Other studies have found
no differences in the incidence of AD or alteration in cognitive tra-
jectories with the use of NSAIDs compared to placebo [20,21]. One
possibility likely involved in the apparent variation in outcome is
the fact that AD is an illness that develops over many years. NSAIDs
may only protect against cognitive decline with prolonged use at
early stages prior to the development of symptoms [15,22,23].

We used the longitudinal Alzheimer’s Disease Neuroimaging
Initiative (ADNI) database to examine the interaction of baseline
cognitive status and analgesic use, focusing on NSAIDs, on cognitive
function and structural brain changes. We hypothesized that NSAID
use could be associated with cognition and brain structure. Since
Alzheimer’s progression is associated with both decreased cogni-
tive performance and altered brain structure, we hypothesized that

NSAID use and brain structure could be associated with an altered
risk of transitioning from milder to more severe AD.

2. Methods
2.1. ADNI database

Data used in the preparation of this article were obtained from
the ADNI database (http://adni.loni.usc.edu). The ADNI database
was launched in 2003 as a public-private partnership, led by Princi-
pal Investigator Michael W. Weiner, MD. The primary goal of ADNI
has been to test whether serial MRI, positron emission tomogra-
phy, other biological markers, and clinical and neuropsychological
assessment can be combined to measure the progression of MCl and
early AD. [For up-to-date information, see www.adni-info.org.]

In the ADNI database, part I, there were 1435 research identifi-
cation numbers for which n =819 were populated by demographics
including age, gender, body mass index, apolipoprotein E4 status,
blood pressure and heart rate. Subjects, between 55 and 90 years
of age, were followed for 2-3 years from enrollment; assessments,
including neuropsychological tests and MRIs, were performed at six
month intervals. All MRI images were archived by ADNI, and the
study volumes were acquired with Freesurfer software and ana-
lysed with J-image by the ADNI Center at UCSF. The most recent
data was downloaded on January 30, 2014 at which time all the
currently active datasets were updated. The ADNI database has
previously been used to study the effects of conditions such as
sleep-disordered breathing or surgery on cognition and cortical
anatomy [24,25].

2.2. Subject selection — drug groups

For all ADNI participants, prescription and over-the-counter
medications taken in the previous three months were entered
in the “Concurrent Medications Log” at the screening visit. The
medication log was updated at each study visit at 6, 12, and 24
months. Subjects for our study were selected by searching the “Con-
current Medications Log” for analgesic medications (e.g., NSAID,
acetaminophen, opioids, gabapentinoids, etc.) and indications (e.g.,
arthritis, joint pain, headaches, neuropathy, back pain, etc.). NSAIDs
included the following: celecoxib, diclofenac, etodolac, flurbipro-
fen, ibuprofen, indomethacin, ketorolac, meloxicam, nabumetone,
naproxen, oxaprozin, piroxicam, salsalate, and trisalicylate. Note
that subjects were excluded from ADNI if opioids were used regu-
larly, defined as greater than two doses per week, within four weeks
of screening. Subjects were also excluded from ADNI if certain
antidepressants, antipsychotics, and benzodiazepines were used
within four weeks prior to screening.

To track the effects of analgesics over time, subjects were
included if the particular analgesic medication was listed on the
medication log prior to enrollment in ADNI and throughout the
study at each study visit and the indication was a painful condition.
Control subjects were not flagged for any key words. Subjects were
excluded if analgesic medication use started or stopped after initial
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enrollment. Subjects were excluded if comment fields indicated
any acute pain condition (e.g. surgery, postoperative, fracture, etc.).

We examined the effect of NSAIDs against two different com-
parators. In the primary grouping, we compared subjects taking
NSAIDs to control subjects taking no analgesics. We also performed
some secondary analysis comparing subjects taking NSAIDs with
those taking other analgesics not from the NSAID group. There were
87 NSAID positive subjects, 373 controls and 71 taking other anal-
gesics. The primary hypothesis is that NSAID users are different
than controls.

2.3. Neuropsychological assessment and analysis

Cognitively normal (NL), MCI and AD were defined in ADNI
as follows: Normal subjects have Mini-Mental State Examina-
tion (MMSE) scores of 23-30 (mean 29.07 & 1.24, SD) and clinical
dementia rating (CDR) of 0. MCI participants have reported a sub-
jective memory concern either autonomously or via an informant
or clinician and have objective memory loss measured by Wechsler
Memory Scale Logical Memory II. MCI subjects have MMSE scores of
21-30(mean27.83 +1.92 SD)and CDR of 0.5. However, there are no
significant levels of impairment in other cognitive domains, essen-
tially preserved activities of daily living and no signs of dementia.
AD participants have been evaluated and meet the NINCDS/ADRDA
criteria for probable AD with MMSE of 7-26 (mean 20.31 +4.70).

All subjects underwent neuropsychological assessment at base-
line, 6,12, and 24 months. A composite score for executive function,
ADNI-EF, has been developed and validated by a group of ADNI
investigators. Components of ADNI-EF are as follows: category flu-
ency - animals and vegetables, measures of semantic memory; trail
making test parts A and B, tests of visual/motor skills and cognitive
flexibility; digit span backwards, a measure of working memory;
Wechsler Adult Intelligence Scale-Revised Digit Symbol, a measure
of information processing speed; and Clock Drawing Test, a mea-
sure of memory and concentration [26]. Several of the ADNI authors
reviewed the neuropsychological battery to identify items which
could be considered indicators of EF. They refined item selection
using an iterative process in which they constructed a model using
confirmatory factor analysis, reviewed findings as a small group,
and then constructed a revised model. Criteria for model fit were
the confirmatory fitindex (CFI), the Tucker Lewis Index (TLI) and the
root mean squared error of approximation (RMSEA), where criteria
for excellent fit included: CFI>0.95, TLI>0.95, and RMSEA <0.051.
A composite score for memory, ADNI-MEM, has also been devel-
oped and validated in ADNI participants using data from the ADNI
neuropsychological battery based on modern psychometric meth-
ods. The formation of ADNI-MEM included the Rey Auditory Verbal
Learning Test, the Alzheimer’s Disease Assessment Scale-Cognitive,
and the Logical Memory I data [27].

2.4. Anatomical changes

Brain cortical volumes, cortical thickness and cortical surface
areas were examined for particular regions of interest (ROI) as
reported in ADNI, so we could examine their dependence as a
function of NSAID use. To amplify the signal from these many
measurements of small ROIs (there were 327 total MRI derived
variables) we devised a way to combine them. We used the 42
ROIs identified from this same ADNI database by Risacher, who
selected them as the most effective at predicting the progression
from MCI to AD [28,29]. We then compressed them into five eigen-
vectors (EVs) using principal component analysis (PCA). These EVs
are linear combinations of the ROI's. Each ROI has its own dynamic
during ageing, dementia and treatment with NSAIDS. The EVs have
the additional property of being orthogonal (or perpendicular) to
each other, thus eliminating collinearity. The five EVs were picked

from an SPSS derived Scree plot using a standard assumption that
all examined EVs are greater than 1.0. SPSS calculates EV values for
each subject.

2.5. Stability and transitions between cognitive diagnoses

Due to the scheduling of the cognitive tests at specific times
post enrollment, these values were clustered. Since the cognitive
diagnosis (NL, MCI, AD), updated at each visit, depended on the cog-
nitive performance, the transitions between less severe and more
severe diagnoses tended to also be clustered timewise. To analyse
the stability of a subject, we examined whether the subject transi-
tioned to a more severe diagnosis within a particular time frame.
Due to the much greater number of MCI subjects than NL subjects,
we took as our primary transition the progression from MCI to
AD, and thus only analysed subjects who were MCI at baseline.
Since the visits between baseline and 2 years were examined in the
cognitive analysis, we made the stability transition boundary 2.25
years, fitting in with the second cluster. Thus stable subjects were
those preserving their MCI diagnosis through the last determina-
tion between 1.25 and 2.25 years. Unstable subjects were defined
as transitioning to AD by 2.25 years.

2.6. Statistical analysis

The primary analysis was to determine the impact on ADNI-
EF and ADNI-MEM of NSAID use as a function of diagnosis (NL,
MCI, AD), elapsed time in the study, age, and gender. Descriptive
statistics and graphical analysis (bar graphs with 95% confidence
intervals) were used to demonstrate changes in cognitive per-
formance with time, progression of dementia (diagnosis), gender,
cortical structure and drug group. Univariate analysis was used to
describe the dependence of executive function or memory (at base-
line) on the covariates age and cortical structure and the cofactors
diagnosis, gender, and drug group. To examine the effect of time as
a function of visit, we used repeated measures ANOVA (with visits
at baseline, 6, 12, and 24 months). Since the data was not gener-
ated in an experimental protocol controlled to analyse the effects
of NSAIDs, we used several different statistical methods as a form
of check on our results: (1) we used univariate analysis to exam-
ine the dependence of EV#1 on the NSAID groups while controlling
for diagnosis, gender and age; (2) we selected EV#1 as the most
important amongst the set of EVs subjecting all 5 EVs to multivari-
ate and graphical analysis (the EVs were the dependent variables,
and both cognitive variables at baseline (ADNI-EF and ADNI-MEM)
along with age and gender were the independent variables); (3)
to confirm possible relationships between cognitive variables and
EVs, we ran a correlation which included both cognitive variables
taken at all 4 visits and all 5 EVs; we did not assume any particu-
lar distribution for the variables (Spearman’s Rho rank correlation
used); (4) from a clinical point of view, the most important pre-
diction would be of the 24 month cognitive variables, ADNI-EF
and ADNI-MEM; we used linear regression analysis to see which
of the independent variables, including cortical EV’s, age, gender,
baseline cognitive performance and diagnosis were most useful in
predicting the cognitive outcomes; (5) one might assume that if
we could predict cognitive outcomes based on various parame-
ters including NSAID use, there would be a relationship between
progression of dementia as diagnostic stability, EV#1, and NSAID
use. We used repeated measures to examine this at two differ-
ent time points (baseline and 6 months). This analysis used only
subjects who were MCI at baseline, since stability was assessed as
propensity to progress from MCI to AD.

These various analyses were used as checks on each other
so as to confirm the relationships between NSAID use, cognitive
performance, cortical dimensions and diagnostic stability. Since



L. Doan et al. / Scandinavian Journal of Pain 17 (2017) 408-417 411

there is redundancy in our analysis, we limit the graphs to the
most important findings, and summarize only the most impor-
tant aspects of other analysis. Data analysis was done with SPSS
(Version 24, Chicago, IL). Statistical significance was defined as p
values < 0.05. F values were given for the primary statistical tests
in each figure.

Potential uneven distributions can be examined using chi-
square or Cochran-Mantel-Haenszel analysis and compensated for
using diagnosis and/or gender as cofactors, or we can examine NL
and MCI subjects separately.

Not all ADNI sites performed all the measurements. However,
when a particular type of study was performed, all the specific mea-
surements within it were generally acquired. In any case, we did not
impute missing data, with the exception of those calculations resi-
dent in the SPSS programmes. SPSS in general uses listwise deletion
and so no data imputation. We were able to deal with the miss-
ing data problem by using different types of analyses which then
used different combinations of variables, reducing the exclusion of
available data. One must always assume with a dementia cohort
that there is a systematic error relating missing data to dementia
severity, such that we also used at times the cohort including NL
and MCI but excluding AD. Thus patients with dementia can forget
appointments or not follow instructions.

3. Results
3.1. Demographics

The original ADNI study was designed to look at MCI and transi-
tions to AD, so MCl is the most heavily populated of the diagnoses.
There was no preferential recruitment by gender (male, n=477;
female, n=342). The prevalences of diagnoses (NL, MCI and AD)
were as follows: 229, 397, and 193, respectively. For the cohort
comparing NSAID use to no analgesic use, there were 87 subjects
that used NSAIDS for the duration of enrollment in ADNI. There
were 373 control subjects that did not use any analgesics (Table 1).
Additional demographic information is listed in Table 2.

Fewer subject with AD diagnosis used NSAIDs than do sub-
jects with NL and MCI diagnosis; this disparity is larger for
females. Ignoring AD subjects so there remained a two factor drug
group (NSAID use vs none) and two factor cognitive diagnosis,
we obtained a random distribution of drug group over diagno-
sis (p=0.521). Age was evenly distributed by gender (male, 75.87
years; female, 74.73 years; p=0.063).

Table 1
Distribution of cognitive diagnoses and gender.
Diagnosis Total
NL MCI AD
Male 45 117 62 224
Control ~ Female 36 57 56 149
Total 81 174 118 373
Male 11 28 7 46
NSAID+  Female 12 21 6 41
Total 25 49 13 87
Table 2
Baseline patient demographics.
Total Control NSAID+
Baseline Age (mean+SD) 75.10+7.18 75.08+7.25 75.20+6.94
% female 41.3 39.9 471
Cardiac disease (%) 73.6 73.1 75.8
Renal disease (%) 45.9 42.3 60.9
Respiratory disease (%) 21.5 19.5 29.9

From the medical conditions examined, it appears that overall,
the NSAID subjects were sicker, as much as the differences in renal
and respiratory (but not cardiac) disease were significant

3.2. Neuropsychological tests

Composite scores over four visits (baseline, 6, 12, and 24
months) are displayed as a function of cognitive diagnosis (Fig. 1a).
As expected, and based on 95% confidence intervals, NL subjects
had higher ADNI-MEM scores at baseline than MCI subjects, and
MCI subjects had higher scores than AD. Likewise ADNI-EF scores
fell with increased cognitive impairment. This graph shows that
cognitive scores are readily distinguished as a function of diagnosis
(as confirmed by ANOVA in Figs. 2 and 3).

We hypothesized that NSAID use would alter ADNI-EF and
ADNI-MEM scores. Before correcting for the multiple cofactors and
covariates (age, gender, diagnosis, visit) with ANOVA we examined
whether NSAID use resulted in noticeable differences in cognitive
test results using descriptive statistics as above in response to diag-
nosis. We compared subjects taking NSAIDs versus subjects on no
analgesics (Fig. 1b). ADNI-EF at all 4 visits had higher means, with
no overlap of 95% CI, for subjects taking NSAIDs than for those with-
out. There is a similar trend for ADNI-MEM scores with the means
always being larger for NSAID positive subjects but an equivocal
distribution of confidence intervals. We then performed analyses
adjusting for cofactors and covariates (see Sections 3.3 and 3.4).

3.3. Executive function factors

Examining all three drug groups (NSAID use vs other analgesic
use vs no analgesic use) over all diagnoses, genders, and age, we
rejected the null hypothesis that all groups had equal executive
function scores (p =0.035). For all NL and MCI subjects, those taking
NSAIDs had higher scores for EF tests over time (baseline to 2 years),
compared to analgesic free subjects serving as control (Fig. 2).
Using this grouping as the cofactor against ADNI-EF, subjects on
NSAIDs had significantly higher EF scores (p=0.019; F=15.4) com-
pared to controls including cohorts of all three cognitive diagnoses
in a repeated measures ANOVA with visit (baseline, 6, 12, and 24
months) serving as the repeated factor.

When comparing all subjects taking NSAIDs versus subjects
using analgesics other than NSAIDs, there were no significant dif-
ferences in EF scores (p=0.622).

When examining NL subjects alone using repeated measures
ANOVA, ADNI-EF scores were significantly higher for those using
NSAIDs compared to those using other analgesics (p=0.011) and
those using no analgesics (p=0.037). Both age (p=0.663) and gen-
der (p=0.414) were non-significant. There were no significant
differences for MCI and AD subjects examined alone.

3.4. Memory factors

Replacing ADNI-EF with ADNI-MEM in the analysis above,
neither drug group was significant (NSAID vs other analgesics,
p=0.766; NSAID vs control (no analgesics), p=0.383), nor was
gender (p>0.27). However cognitive diagnosis was significant
(p<0.001). We then focused on NL subjects, where gender is now
significant for both drug groups (p=0.022, p=0.003, respectively).
For NL subjects, examining by gender, females have more apparent
response to NSAIDs in their MEM scores than males. However, even
among NL females, drug group is still not significant for either drug
group comparison (p=0.093; p=0.590, respectively). In Fig. 3, we
plot the NL female subjects, comparing NSAIDS versus controls.

As seen in Fig. 3, there is a time dependent increase in the
mean value of MEM associated with NSAID use. At the last two
visits there are significant differences in MEM between NSAID users
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disease; NSAID = non-steroidal anti-inflammatory drugs.

versus other analgesic users or versus controls (p=0.003, p=0.042,
respectively) but not at initial time points. This suggests that for
NL females, those using NSAIDs had higher MEM scores than those
not taking NSAIDs at 12 and 24 months. Examining all three drug
groups together, we were able to reject the null hypothesis that
all groups had equal memory scores (p=0.049; F=4.43) in the
restricted cohort (female NL) used for the analysis just above. Age
was not significant in these analyses (p > 0.5).

Repeating the analysis with males only and for both genders
together does not result in a significant effect for NSAID use.

3.5. Structural MRI

3.5.1. Compression to EV set with dependence on diagnosis and
drug group

To examine the role of structure during cognitive change,
we examined cortical measurements that have been previously

identified as predicting AD progression, i.e. ROIs that experience
grey matter atrophy (or fluid space expansion) during dementia.
This group (n=41) of ROl measurements from ADNI, already identi-
fied as predicting progression, were further compressed into fewer
components, namely 5 EVs, using PCA [28,29].

For a descriptive examination of the effect of diagnosis on these
EVs, see Fig. 4a. We plotted the five cortical EVs derived from base-
line MRI data along the left horizontal axis and the EVs similarly
derived from the 6 month MRl measurements on the right. In partic-
ular, two EVs, EV#1 and EV#3, were clearly responsive to changes in
cognitive diagnoses, as indicated by the bar graphs and confidence
intervals. Namely, the NLs had the largest positive values, the AD
subjects the largest negative values, and the MCI values were near
the axis origin.

As we hypothesized that NSAID use had a positive association
with structure (i.e. reducing atrophy), NL and MCI subjects were
then plotted as a function of NSAID use versus control (see Fig. 4b).
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nificant only for the last 2 visits analysed together, but not as a 4 point repeated
measures ANOVA. MEM = memory; NL= cognitively normal; NSAID = non-steroidal
anti-inflammatory drugs.

One of the two EVs responsive to diagnosis, EV#1, had a signifi-
cant response to drug group, indicating that these subjects taking
NSAIDs had larger EV#1 values than control subjects.

3.5.2. Univariate analysis of EV#1 as a surrogate for structure

More detailed analysis of Fig. 4b results supports these conclu-
sions. Specifically in a univariate analysis with EV#1 at baseline as
the dependent variable and diagnosis, drug group, age, and gen-
der as the cofactors/covariables, diagnosis (p <0.001; F=18.5), age
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(p<0.001; F=15.1) and NSAID use (p=0.006; F=7.1) were signif-
icant, but gender was not (p=0.208), indicating those with better
cognitive diagnosis, younger age and NSAID use had larger EV#1
values (Fig. 5a). This particular EV, EV#1, represented many tem-
poral lobe regions (bilateral inferior, superior and middle) as well
as other regions including precuneous, fusiform gyrus, and supra-
marginal gyrus (see caption).

To test the effect of time, we repeated the same statistical anal-
ysis at 6 months rather than baseline. This required recalculating
the linear components of EV#1. Diagnosis (p < 0.001) and NSAID use
(p=0.003) were again significant. Combining these two analyses at
baseline and at 6 months in a repeated measures analysis with visit
repeating, diagnosis (p <0.001) and NSAID use (p=0.002; F=16.8)
remained significant cofactors, but there was no significant change
in EV#1 over time (Factor(visit); p>0.5). Thus EV#1 was dependent
on NSAID use at both baseline and 6 months and using the pooled
data but did not in itself show a significant change with time.

3.5.3. Multivariate analysis

Multivariate analysis was used to examine what variables
(cofactors/covariates) might correlate with changes in specific cor-
tical areas, i.e. specific EVs. In this analysis, the 5 EVs from the
baseline EV basis set were the dependent variables against the
following independent variables at baseline: ADNI-EF, ADNI-MEM,
age, diagnosis, and gender. ADNI-EF, ADNI-MEM, age, and gender
were all highly significant (p<0.001) against the set of EVs as a
group. This analysis also confirmed other findings in this study:
ADNI-MEM was a significant factor in predicting EV#3 (p <0.001;
with no significance for other EVs); and gender was significant for
EV#3 (p<0.001), but not for EV#1 (p=0.14; see Figs. 2 and 3).

3.5.4. Correlation between cognitive scores and EVs
Using rank dependent correlation (Spearman’s Rho), we exam-
ined ADNI-EF and ADNI-MEM against all 5 EVs. We found that EV#1,
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Fig. 4. Display of baseline and 6 month eigenvectors. (A) Five EVs derived from multiple cortical ROIs using PCA. Each vector is split by diagnosis. (B) Each vector is split by
the NSAID group. Note that EV#1 and #3 vary significantly by cognitive diagnosis. Right panel (B) shows that EV#1, readily split by diagnosis, is also significantly different
between those using NSAIDs compared to control. EV = eigenvector; ROl =region of interest; PCA = principal component analysis; NSAID = non-steroidal anti-inflammatory
drugs. This most prominent vector (EV#1) represents many temporal lobe and other regions including: left (LF) and right (RT) precuneous cortical thickness (CT); LF & RT
fusiform gyrus CT; LF & RT inferior (INF) parietal CT; LF & RT INF temporal CT; LF & RT middle temporal CT; supramarginal gyrus CT; LF & RT superior temporal CT. The second
most prominent vector (EV#3) includes: LF & RT inferior lateral (lat) ventricle (vent), LF & RT lat vent, and CT of RT entorhinal cortex. EV#2 includes: LF & RT superior (sup)
parietal CT, RT ventral dorsal column volume (vol), LF & RT cerebral grey matter cortical volume (CV), LF & RT cerebral cortical white matter vol. EV#4 includes: LF accumbens
CV, RT ventral dorsal column vol, LF & RT amygdala vol, LF & RT hippocampal vol, RT entorhinal CT. EV #5 includes multiple components of cingulate gyrus: LF & RT rostral

anterior, LF & RT caudal anterior, and LF posterior cingulate gyrus.
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Fig. 5. Effect of NSAID use on EV#1 as function of diagnosis and time. The left panel (A) shows plots by NSAID use and diagnoses with EV#1 values on the vertical axis. (B) This
analysis was repeated at 6 months with the same basic result. We used repeated measures analysis with EV#1 being the dependent variable. Examining the data over two
visits gave us similar results with combined significance over time. Significance values are assessed in text. NSAID = non-steroidal anti-inflammatory drugs; EV =eigenvector;

NL = cognitively normal; MCI=mild cognitive impairment; AD = Alzheimer’s disease.
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Fig. 6. Executive function versus eigenvector 1. ADNI-EF at 24 months correlated
in a scatter plot with the 6 month values for EV#1. The dashed line is a linear fit
(R?>=0.264) while the solid lines show the width of the 95% confidence interval.
EF = executive function; EV = eigenvector.

this same EV showing significant differences with NSAID use, had
the best correlation with EF at all 4 visit times (corr coef>0.296;
p<0.001), while EV#3 had the best correlation with ADNI-MEM
(corr coef>0.364; p<0.001). This is shown graphically in Fig. 6
where we plot EF at 24 months versus EV#1 at 6 months.

Based on these relationships, we tested whether cognitive
results could be predicted with linear regression using baseline
cognitive scores, anatomy and NSAID use. Certainly for EF, this is
possible without additional restrictions. For example prediction of
ADNI-EF at 24 months can be accomplished using baseline EF and
MEM and EV#1 (p<0.001), as well as s NSAID group (p=0.032).
Higher baseline EF and MEM scores as well as larger EV#1 values
and the use of NSAIDs (compared to no use) were the best predictors
of higher ADNI-EF at 24 months.

3.5.5. Do NSAID group, and risk of transition from MCI to AD
(diagnostic stability) affect structural EV #1 values?

Since NSAID was associated with higher cognitive scoresin some
subjects and accompanied enhanced cortical volume, we hypoth-
esized that NSAID use would decrease risk of transition to full
Alzheimer's, since this transition generally occurs as cognitive loss
and cumulative atrophy approach a threshold. The transition from
MCI to AD was better populated than NL to MCI, so that transi-
tion was examined. Only subjects who were MCI at baseline are
included in this analysis. Stable subjects were those preserving
an MCI diagnosis through the last determination between 1.25
and 2.25 years. Unstable subjects were any transitioning to AD by
2.25 years. EV#1 was examined first at baseline (Fig. 7) and tested
against two cofactors: diagnostic stability and NSAID use.

The choice of EV#1 was confirmed from a new multivariate anal-
ysis, first testing all 5 EVs against the NSAID and stability groups in
this new population, where the multivariate tests gave significance
for NSAID (p =0.026) and stability groups (p=0.005). Then, looking
at individual EVs, we find the highest significance level for EV#1
versus both NSAID group and stability (p=0.009, F=7.1; p=0.005,
F=8.1, respectively; Fig. 7). We then examined EV#1 at 6 months
where it was again significant against NSAID group and stability
(p=0.001, p=0.008, respectively). Combining the baseline and 6
month values for EV#1 in a repeat measures analysis against drug
group and stability also showed significance (p=0.003, p=0.025,
respectively; confirmed with multivariate analysis). In this anal-
ysis, age was significant (p<0.001), but gender was not (p>0.5).
Although NSAID group and transition risk binaries were successful
in estimating cortical dimensions, NSAID group was not successful
in predicting the risk directly using logistic regression.

4. Discussion

In this study, we used the longitudinal ADNI database to
examine the interaction of cognitive status and pain medication,
specifically NSAIDs, on cognitive function and structural brain
changes. We found that NSAID use was associated with higher
ADNI-EF scores for NL and MCI subjects as well as higher ADNI-
MEM scores for NL female subjects. There was also an association
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Fig. 7. Dependence of eigenvector #1 on diagnostic stability and NSAID use. Exam-
ination of the relationship between baseline EV#1 (y-axis) NSAID use (x-axis) and
stability. The stability factor describes whether the subject transitioned to a more
severe diagnosis (1 - stable, blue; 2 — unstable, transitioned from MCI to AD, green).
Both cofactors, NSAID use and stability, are significant independent variables of
dependent variable EV#1. Similar results are seen for 6 month EV#1 data. Since the
MCI to AD transition is the best populated and thus the one we examined, all subjects
represented in this figure were MCI at baseline. Significance levels are indicated in
text. EV =eigenvector; NSAID = non-steroidal anti-inflammatory drugs; MCI=mild
cognitive impairment; AD = Alzheimer’s disease.

between NSAID use and larger cortical volumes for specific corti-
cal regions, which we identified using PCA to form five groups of
ROIs. These same subjects using NSAIDS and with increased cortical
volume had a decreased risk of transitioning from MCI to AD.

The analysis primarily compared NSAID users with controls who
putatively took neither NSAIDs nor other analgesics. We performed
an additional analysis comparing those who took NSAIDS with
those prescribed other analgesics. This latter group was smaller
and consisted of several medication types so failure to reach signif-
icance cannot be relied on as rejecting the test. However, we were
able to draw a few conclusions about the group taking other anal-
gesics. There was no consistent response of EF over all diagnoses in
this group compared to control as there was with the NSAID group.
The repeat measure analysis in Fig. 2 was not significant for other
analgesic users versus either NSAIDS or control groups. In terms
of MEM where NSAID users had higher scores than analgesic free
controls (female NL), the group using other analgesics had worse
scores than controls such that the difference between NSAID users
and other analgesic users was more significant than between NSAID
users and analgesic free controls.

The effect of other analgesics had limited analysis due to exclu-
sion criteria in the original ADNI protocol and to low numbers in
this dataset. Further studies are needed to examine the role of anal-
gesics such as opioids on cognition and the interplay that analgesics
and inadequate versus adequate pain control play in cognition.

We found that NSAID use was associated with higher ADNI-EF
scores, as well as larger cortical volume for many regions, espe-
cially those regions associated with cognitive diagnosis, as shown
in this same study. NSAID users had significantly higher ADNI-EF
scores at baseline and over time. NL NSAID users had significantly
higher ADNI-MEM scores for particular combinations of visit num-
ber (later) and gender (female). The effects on ADNI-MEM are
restricted to a smaller subset of subjects and a different subset of
cortical regions.

Our findings are consistent with studies that have found NSAIDs
have a protective effect against cognitive decline, showing more
specifically that NSAID use may be more broadly associated with

executive function than memory [15-19]. It is possible also that
there is more of a gender effect with impact on memory or that
memory is a more difficult function to quantify. Further prospective
studies are needed to examine this gender effect on memory scores.

We have confirmed and reproduced data supporting well known
relationships between cognitive diagnoses (NL, MCI, or AD) and
memory or executive function. In a sample of elderly subjects from
the ADNI database, we have also shown a dependence of memory
and executive function on age and complex dependence on gender.
Furthermore, we have found expected trends such that cognitive
function slightly increases over time (2 years) in NL subjects, per-
haps due to rehearsal effects; that it declines slowly over time in
MCI subjects, most likely due to progression of illness; and, that it
declines dramatically in severe dementia subjects (AD) as rate of
cortical atrophy increases.

To explore the importance of anatomical change during NSAID
use, we employed linear regression analysis to model the execu-
tive function and memory performance over 2 years. The 12 and
24 month cognitive performance was predictable from indepen-
dent variables: baseline cognitive performance, drug group, and
the two anatomical EVs, EV#1 and EV#3. These two EVs have been
shown to relate to cognitive performance using both correlation
and multivariate analysis. Since these EVs themselves vary with
NSAID use, we hypothesize that NSAIDs may act on cognition by
improving cortical structure - i.e. slowing atrophy. This is con-
sistent with other studies showing NSAIDs may protect against
age-related changes in grey matter volume [30,31]. (In a currently
unpublished study using Random Forest machine learning tech-
niques, this same eigenvector (#1) was repeatedly selected as a
significant feature in predicting transition from MCI to AD - Kline,
Shasha, Beltran.)

Based on the well-known occurrence of cortical atrophy during
the progression through advanced Alzheimer’s, one might think
that NSAIDs, by correlating with larger cortical volume, would
lower the risk of transition from MCI to AD, or slow the occurrence
of MCI in NL subjects. The final figure suggests that the most stable
MCI patients are those that are noted to be NSAID users and have
the largest values for EV #1.

Limitations of this study include secondary analysis of existing
data and the possibility of confounding. In classifying subjects, it
was not possible to ascertain whether subjects with NSAIDs listed
on the medication list were using them chronically or occasionally,
coinciding with each of the study visits. We classified subjects as
NSAID users if NSAIDs were listed on the medication list at every
visit and if the indication was a painful condition. Caution must
be used when averaging cognitive performance over subjects with
different drug exposure. We saw in this study that subjects with
the most cognitive impairment had the least NSAID use; AD sub-
jects have the least NSAID use (non-random by chi square analysis,
p=0.000) for the three cognitive diagnoses. This non-random dis-
tribution is avoided when only looking at NL and MCI (chi square,
p=0.571). There is potential bias due to the dependence of sub-
ject participation on diagnoses. Both dementias and pain symptoms
affect participation as follows: demented subjects are more likely to
forget an appointment or not process the nature of their obligation.
Pain subjects may be incapacitated or not inclined to participate on
a particular day due to their symptoms. They may also attempt to
use study participation to acquire medications beyond the doses
required by good practice.

5. Summary
The non-uniform impact of drugs on cognition, affecting

patients differently as a function of diagnosis, gender and type of
cognitive function (executive function versus memory) sheds some
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light on why it is difficult to test drug impact on cognition using a
few simple cognitive tests or a random subject pool without care-
ful attention to assessment of baseline diagnosis, age, and gender,
as well as brain regions affected. Since there are numerous med-
ications used to treat pain which may have differing impact on
the brain, it may become increasingly important in the future to
consider the secondary effects when choosing a regimen of pain
treatment.
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