
The Role of Anti-inflammatory Agents in White
Matter and Gray Matter Integrity in Older Age

with Special Consideration of the Arthritis Patient

Item Type text; Electronic Dissertation

Authors Bendlin, Barbara Brigitta

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:00:39

Link to Item http://hdl.handle.net/10150/194320

http://hdl.handle.net/10150/194320


1

THE ROLE OF ANTI-INFLAMMATORY AGENTS IN WHITE MATTER AND

GRAY MATTER INTEGRITY IN OLDER AGE WITH SPECIAL

CONSIDERATION OF THE ARTHRITIS PATIENT

by

Barbara Brigitta Bendlin

_______________________

A Dissertation Submitted to the Faculty of the

DEPARTMENT OF PSYCHOLOGY

In Partial Fulfillment of the Requirements

For the Degree of

DOCTOR OF PHILOSOPHY

In the Graduate College

THE UNIVERSITY OF ARIZONA

2007



2

THE UNIVERSITY OF ARIZONA
GRADUATE COLLEGE

As members of the Dissertation Committee, we certify that we have read the dissertation

prepared by Barbara B. Bendlin
entitled The Role of Anti-inflammatory Agents in White Matter and Gray Matter
Integrity in Older Age with Special Consideration of the Arthritis patient.
and recommend that it be accepted as fulfilling the dissertation requirement for the
Degree of Doctor of Philosophy.

_______________________________________________________________________ Date: December 14, 2006
Lee Ryan

_______________________________________________________________________ Date: December 14, 2006
Elizabeth Glisky

_______________________________________________________________________ Date: December 14, 2006
Theodore Trouard

_______________________________________________________________________ Date: December 14, 2006
Carol Barnes

Final approval and acceptance of this dissertation is contingent upon the candidate’s
submission of the final copies of the dissertation to the Graduate College.
I hereby certify that I have read this dissertation prepared under my direction and
recommend that it be accepted as fulfilling the dissertation requirement.

________________________________________________ Date: December 14, 2006
Dissertation Director: Lee Ryan



3

STATEMENT BY AUTHOR

This dissertation has been submitted in partial
fulfillment of requirements for an advanced degree at the
University of Arizona and is deposited in the University
Library to be made available to borrowers under rules of
the Library.

Brief quotations from this dissertation are allowable
without special permission, provided that accurate
acknowledgment of source is made. Requests for permission
for extended quotation from or reproduction of this
manuscript in whole or in part may be granted by the head
of the major department or the Dean of the Graduate College
when in his or her judgment the proposed use of the
material is in the interests of scholarship. In all other
instances, however, permission must be obtained from the
author.

SIGNED: Barbara Brigitta Bendlin



4

ACKNOWLEDGEMENTS

I would like to thank my mentor Lee Ryan, who won’t accept
less than the best from her students, who teaches them how
to design good research studies, who teaches them how to
write, and speak in public, and supports them continually.

I would like also to thank my first mentor, Michael
McIntyre, who first sparked my interest in the study of
memory, and introduced me to magnetic resonance as a tool
of research.

Several individuals contributed countless hours of work
that made this dissertation possible; a big thank you to
Kristina Irwin, Katrin Walther, Chris Wie, and the
undergraduates working in the Ryan laboratory. I would
also like to acknowledge the Trouard laboratory for advice
on MRI acquisition parameters and data analysis issues, in
particular, Joelle Sarlls. Thank you to Scott Squire for
performing phlebotomy duties and always being on hand to
assist with scans. And a special thank you to Dianne
Patterson, for her invariable willingness to discuss and
work on theoretical and technical issues related to data
analysis.

I would also like to thank the physicians at the Arizona
Arthritis Center, Drs. Lisse and Posever, for their kind
advice and referral of patients. Finally, I would like to
thank the patients who participated in this project and to
whom this dissertation is dedicated.



5

TABLE OF CONTENTS

LIST OF FIGURES...........................................6
LIST OF TABLES............................................7
ABSTRACT..................................................8
CHAPTER 1 INTRODUCTION...................................10
CHAPTER 2 GENERAL METHODS................................22
CHAPTER 3 DIFFUSION WEIGHTED MRI.........................32
CHAPTER 4 VOXEL BASED MORPHOMETRY........................66
CHAPTER 5 WHITE MATTER HYPERINTENSITY....................86
CHAPTER 6 NEUROPSYCHOLOGICAL FUNCTION...................103
CHAPTER 7 GENERAL DISCUSSION............................129
APPENDICES..............................................136 
REFERENCES..............................................188



6

LIST OF FIGURES

FIGURE 1. White matter Segmentation......................43
FIGURE 2. Regions of interest. ..........................44
FIGURE 3. FA in controls and AI users. ............ .....48
FIGURE 4. Relationship between splenium FA
in AI users and controls.................................53
FIGURE 5 Relationship between splenium FA and
age in AI users and controls after equating for ε4.......63
FIGURE 6 Negative correlation between gray
matter volume and age....................................75
FIGURE 7 Gray matter: age correlation differences
between AI users and controls............................78
FIGURE 8. Negative correlation between white
matter volume and age....................................79
FIGURE 9. White matter: age correlation differences
between AI users and controls............................80
FIGURE 10. Correlations between brain volume and
age in controls and AI users: groups equated on
ε4.......................................................82
FIGURE 11 White matter hyperintensity mask. .............92
FIGURE 12. Comparison of WMH volume between
AI users and controls. ..................................93
FIGURE 13. The relationship between WMH volume
and age in AI users and controls.........................95
FIGURE 14. Correlation between FA and WMH volume
in AI users and controls.................................99
FIGURE 15. Cognitive function in controls and
AI users................................................111
FIGURE 16. Correlation between age and cognitive
function in AI users and controls.......................113
FIGURE 17. Cognitive function in controls and
Methotrexate users......................................115
FIGURE 18. Cognitive function in controls and
NSAID users.............................................117
FIGURE 19. Relationship between diffusion measures
and memory function.....................................119
FIGURE 20. Slope differences in parietal ADC
between controls and AI users...........................123
FIGURE 21. Relationship between memory function
and WMH volume..........................................125



7

LIST OF TABLES

TABLE 1, Demographics................................... 30
TABLE 2, Drug types......................................31
TABLE 3, FA, ADC, and radial diffusivity in
AI users and controls....................................46
TABLE 4, Change with age in FA, ADC, and
radial diffusivity in Controls and AI users..............51
TABLE 5, Age of participants by AI use and ε4 status.....56
TABLE 6, Original FA, ADC, and radial diffusion
group means compared to group means after equating
for ε4...................................................58
TABLE 7, Original FA, ADC, and radial diffusion
correlations with age in controls and AI users
compared to correlations after equating for ε4...........61
TABLE 8, Correlation between WMH volume and
diffusion in AI users and controls.......................97
TABLE 9, Correlations between cognitive function
and diffusion measures in AI users and controls.........120
TABLE 10, Correlation between cognitive function
and WMH volume in AI users and controls.................124



8

ABSTRACT

A number of studies have indicated that individuals with

arthritis have a decreased risk for Alzheimer’s disease

(AD). Inflammatory processes are implicated in the

neurodegeneration associated with AD and the reduced risk

associated with arthritis may be due to the anti-

inflammatory (AI) drugs used by these individuals. The

present project used magnetic resonance imaging (MRI) to

assess the integrity of gray and white brain matter in AI

users compared to controls not taking AIs. Thirty six

female AI users were compared to thirty three controls.

All participants underwent extensive neuropsychological

testing. MRI scans included diffusion-weighted imaging,

sensitive to the microstructural integrity of brain matter,

high resolution anatomical imaging for the determination of

brain volume, and T2 fluid attenuated inversion recovery

(FLAIR) imaging, sensitive to white matter damage that is

seen as hyperintense regions on this type of image. AI

users showed increased brain integrity in the frontal lobes

and in the corpus callosum, compared to controls indicated

by diffusion imaging. Volumetric analysis indicated that

AI users and controls have different relationships between

brain volume and age. AI users showed greater brain volume

than controls at higher ages, particularly in frontal and

parietal brain regions, and in the cingulate. White matter

hyperintensity volume did not differ between AI users and

controls. Finally, the data indicated that non-steroidal

anti-inflammatory drug (NSAID) use, but not methotrexate
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use, had a beneficial effect on cognitive function,

particularly in the domain of memory function.
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CHAPTER 1

INTRODUCTION

Ever since McGeer et al.’s seminal letter to the Lancet

(McGeer, McGeer, Rogers, & Sibley, 1990), there have been

more than 20 studies reporting decreased risk for

Alzheimer’s disease (AD) in users of anti-inflammatory

drugs (McGeer, Rogers, & McGeer, 2006). In the Lancet

paper, McGeer et al. published the remarkable finding that

of 923 arthritis patients over the age of 64, only 4 had

clinical signs of AD, a prevalence of only 0.4%. They

reported at the time that a prevalence estimate for AD in

people over the age of 64 is 2.7%; however, the Canadian

Study of Health and Aging reported an even higher

prevalence in the general population of 5.1% (CSHA, 1994).

A decreased risk of AD associated with the use of anti-

inflammatory (AI) drugs does not appear to be specific to

the arthritis population, suggesting that the effect is

indeed due to AI drugs, and not simply a characteristic of

one special population. For example, McGeer and colleagues

studied leprosy patients in Japan aged 65 and older and

compared the incidence of dementia in patients treated with

dapsone (an AI drug) compared to those not on dapsone,

(McGeer, Harada, Kimura, McGeer, & Schulzer, 1992). The

prevalence of dementia in patients using dapsone was 2.9%,

compared to 6.25% in patients who were not treated with

dapsone. It should be noted that this evidence is not

entirely conclusive, as another study found that anti-

leprosy drugs may not protect against AD (Endoh,

Kunishitaa, & Tabiraa, 1999).
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A possible mechanism for the protective effects of AI

drugs is a decrease in neuroinflammation and subsequent

cell damage or death. It is well established that

inflammation plays a role Alzheimer’s related

neurodegeneration (McGeer & McGeer, 1995). A full

complement of inflammatory products have been found in the

AD brain, including C - reactive protein; amyloid P;

complement proteins; the inflammatory cytokines

interleukin-1, interleukin-6 and tumor necrosis factor; the

protease inhibitors -2-macroglobulin and -1- 

antichymotrypsin; and the prostaglandin generating

cyclooxygenases COX-1 and COX-2, (McGeer & McGeer, 2001).

Inflammation in AD is thought to be secondary to other

pathogenic processes, such as plaques and tangles (Rogers &

Shen, 2000). In the periphery of the body, inflammation is

triggered by tissue damage and the presence of abnormal

materials such as bacteria, viruses or necrotic tissue. In

the AD brain, similar triggers exist in the form of beta-

amyloid deposits, neruofibrillary tangles, and unhealthy

brain tissue. It’s potentially adverse effect on neurons

suggests that inflammation may be one of the primary causes

of neuronal damage and loss. Rogers and Shen (2000) make

this argument and point out that many of the inflammatory

mechanisms that are found in the AD brain are known to be

cytotoxic in the periphery of the body. Furthermore, the

highest degree of inflammation in the AD brain co-localizes

with those regions that show the greatest AD related

neuropathology (Akiyama et al., 2000).

Additional evidence for the role of inflammation in AD

comes from Gary Wenk at the University of Arizona. Wenk
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and colleagues (Hauss-Wegrzyniak, Dobrzanski, Stoehr, &

Wenk, 1998) have shown that lipopolysaccharide (LPS)

induced inflammation in rats will result in a pattern that

has many similarities to the pattern of disease found in

AD. Rats infused with LPS show an increase in activated

microglia in the temporal lobe, especially in the

hippocampus, an increase in Β-amyloid precursor protein

production, degeneration of hippocampal CA3 pyramidal

neurons (Hauss-Wegrzyniak et al., 1998), a loss of

pyramidal cells in the entorhinal cortex (Hauss-Wegrzyniak,

Lynch, Vraniak, & Wenk, 2002), a loss of basal forebrain

cholinergic neurons (Willard, Hauss-Wegrzyniak, Danysz, &

Wenk, 2000), decreased spatial memory performance (Hauss-

Wegrzyniak, Vannucchi, & Wenk, 2000), a persistent presence

of microglia over time, even after LPS infusion is ended,

and no recovery of memory function over time (Hauss-

Wegrzyniak, Vraniak & Wenk, 2000).

A number of studies have also elucidated mechanisms by

which AI drugs may have a protective effect on the brain.

Evidence suggests that non-steroidal anti-inflammatory

drugs (NSAIDs) may decrease microglial activation. A post

mortem comparison of arthritis patient brains to control

brains indicated that NSAID users with senile plaques had

only one-third of activated microglia found in control

brains with senile plaques (Mackenzie & Munoz, 1998).

Microglia, while performing an important scavenger role in

the brain, contribute to CNS damage when found in high

numbers (Banati, Gehrmann, Schubert, & Kreutzberg, 1993).

Other studies have focused on the relationship between

NSAIDs and amyloid production. Studies have shown that
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NSAIDs limit amyloid accumulation in vitro (Thomas,

Nadackal & Thomas, 2001), and in transgenic mice (Lim,

Yang, Chu, Chen, Beech, Teter, Tran, Ubeda, Ashe,

Frautschy, & Cole 2000).

Despite evidence suggesting that anti-inflammatory

drug use may decrease inflammatory response in the brain,

trials of NSAID treatment in AD have been largely

unsuccessful (Aisen et al., 2003; Reines, Block, Morris,

Liu, Nessly, Lines, Norman, & Baranak, 2004). The most

likely explanation for the lack of success is that

neuroinflammation in the diagnosed AD patient is already

too advanced to benefit from AI treatment. The fact that

AI treatment in AD has been unsuccessful suggests that

early intervention is important and that inflammation needs

to be suppressed in early stages before extensive

neuropathology can occur.

With the exception of a few post mortem studies,

(Halliday et al., 2000; Mackenzie & Munoz, 1998), there is

little data on the effect of AI drugs in the human brain.

Somewhat surprisingly, no studies have yet used brain

imaging to investigate whether the beneficial effects of AI

drugs can be measured in vivo. Only one study is relevant

to this issue, Bartolini et al. (2002) used MRI to study

rheumatoid arthritis (RA) patients, a population that

typically uses large amounts of AI drugs. Instead of

finding a beneficial effect of AI drug use, the authors

found that patients with arthritis had brains that looked

poor compared to normative standards. Bartolini et al.

(2002) found that 35% of RA patients tested showed

subcortical white matter hyperintensities, and found that
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all of these patients had low normative scores on

attentional, executive, and visual-spatial tests.

Furthermore, Bartolini et al. (2002) found that 85% of the

patients showed hypoperfusion in the frontal lobes when

measured with SPECT and that 40% showed decreased perfusion

in the parietal lobes.

Bartolini et al.’s study is interesting because it is

the first to examine cognitive deficits in RA, and to

correlate them with brain changes. One serious limitation

of this study is the absence of a control group. The

researchers based their assessment of normal performance on

published norms, but did not actually test any matched non-

arthritis participants for comparison. In addition, the

researchers did not discuss the relationship between brain

changes, and age. For example, they noted that a subset of

the participants had white matter hyperintensities (WMH)

but did not report the age of these participants. WMH are

a common occurrence in normal aging, and may not have been

related to the rheumatic condition of these patients.

Finally, cognitive changes are also a normal part of aging,

it may be that the patients who had WMHs were also older,

and that age was responsible both for the brain changes,

and the cognitive changes. Unfortunately, the authors do

not discuss these issues, making it difficult to interpret

the results.

The purpose of the current study is to investigate

the effects of AI use and to see whether protective effects

on the brain and cognition can be measured. In order to do

so, this project studied individuals taking AI drugs for

the treatment of arthritis or other pain, and used magnetic
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resonance imaging (MRI) to assess gray and white matter

integrity in the brain. Three different types of MR

imaging were used in conjunction with several analysis

techniques, to investigate whether the protective effect of

AI drugs can be measured in the human brain. MRI scans

included a diffusion weighted sequence, sensitive to the

microstructural integrity of brain matter, a T2 FLAIR

weighted sequence, sensitive to white matter damage that is

seen as hyperintense regions on this type of image, and a

high-resolution T1-weighted anatomical scan that was used

to assess morphometrical differences between groups. MRI

has a number of advantages, including the ability to

acquire scans that are sensitive to differing types of

tissue and pathology. Scans can be repeated as there is no

exposure to harmful x-ray or radioactive isotopes, MRI is

tolerated by most people, and it is widely available as a

diagnostic tool.

Participants included individuals who were taking AI

drugs for the treatment of arthritis, in addition to a few

participants taking drugs for the treatment of chronic

pain. The majority of the participants were taking a non-

steroidal anti-inflammatory agent, but where it was

possible, the effects of other AI drugs such as

methotrexate and steroids were also examined.

The AI group was defined as participants with stable

intake of an anti-inflammatory drug for a minimum of 2

years to treat arthritis or chronic pain. The type and

amount of AI agents used by individuals for specific pain

conditions, or for general health, varies widely among the

general population. Some people use a small or moderate
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amount (daily aspirin), while others use much larger

amounts (i.e. chronic arthritis sufferers). For this

reason, participants who were taking a wide range of

medication doses were included in this study, and dose

related effects were investigated using statistical

regression analyses. Since a significant protective effect

of AI drugs is not seen over the short term (in’t Veld et

al., 1998; Stewart, Kawas, Corrada, & Metter, 1997) there

was no expectation of a protective effect on brain

integrity in people who take an occasional AI to treat

temporary conditions (i.e. occasional headache). For this

reason, individuals who reported only occasional use of an

AI drug (less than 12 times a year) were included in the

control group. Furthermore, since AIs were the variable of

interest, rather than arthritis specifically, participants

who reported that they had very mild or occasional

arthritis that did not require drug treatment were

considered controls. This was a small number of

participants in the control group who, when asked if they

had arthritis, responded with answers like “a little in my

right thumb”, or “in one toe maybe”. Since non-rheumatoid

type arthritis is not an inflammatory condition (see

Appendix A for more information on the difference between

rheumatoid and osteo arthritis), and these participants did

not take any AI drugs, it was not expected that they would

show any cognitive or brain differences when compared to

control participants who answered “no” to the arthritis

question.

Participants who were only taking a small dose of

aspirin for the treatment of a non-pain condition, i.e. 325
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mg of aspirin or less daily for protection against vascular

accident, were included in several analyses as control

participants. Some authors assert that even low-dose

aspirin has an anti-inflammatory effect. Chiang et al.

(Chiang, Bermudez, Ridker, Hurwitz & Serhan, 2004),

performed a controlled randomized trial of aspirin use in

volunteers for 8 weeks. They found that 81 mg. of aspirin

resulted in measurable levels of 15-epilipoxinA4, an anti-

inflammatory mediator. Some studies have also found

protective effects of aspirin on aging and AD risk. For

example, Nilsson et al. (2003) found a decreased risk of AD

in aspirin users over the age 80, as well as better

cognitive function compared to controls. In addition to

protecting against AD, aspirin might also decrease

inflammation in healthy older brains. Jung et al. (2006)

found that low-dose aspirin had a suppressive effect on

several inflammatory markers in old rats. Although they do

not describe a mechanism for the beneficial effects of

aspirin, Aguero-Torres et al. (Aguero-Torres, Viitanen,

Fratiglioni, Louhija, 2001) report that centenarians who

use aspirin on a daily basis tend to live longer than

centenarians that don’t use aspirin. Since it may indeed

have a beneficial effect on the brain, the potential

benefits of aspirin were examined in additional analyses.

Finally, in regard to aspirin use, it should be

clarified that a small number of participants in the AI

group were taking aspirin as their primary AI medication.

For AI vs. control comparisons, these participants were

included in the AI group as opposed to the control group,

as their dose of aspirin was well beyond the dose taken as
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a protective measure against vascular accident (i.e. these

participants took 500 mg. daily or higher).

This study also considered the relationship between

length of AI use, MRI measures of white and gray matter

integrity, and cognitive function using regression

analyses. There is a large degree of variability in the

length of time that participants may have taken anti-

inflammatory medications and few studies consider the

duration of use as a variable of interest. It is possible

that those participants that have been taking medications

for a longer duration of their life span will show a

greater prophylactic effect, since curbing inflammation in

its earliest stages may prove to be more important than

simply dampening inflammation once it has already caused

significant damage.

There are number of variables that are known to

increase risk for Alzheimer’s disease, such as ApoE ε4
genotype or having a first order relative with AD.

Although participants were not specifically recruited for

this study based on their AD risk profile, where possible,

the effects of these risk factors were examined.

Interactions between AI use and ε4 and family history for

AD were examined.

This study also considered the interaction between AI

drug use and age. In previous data examining the

relationship between brain change and ε4 status, we have

found that direct group comparisons may not be the most

sensitive way to examine the effects of risk factors for

AD. Instead, it may be necessary to examine how different

factors can affect the patterns of age-related change shown
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by different groups of participants. It is important to

point out that this study did not follow participants

longitudinally; as a consequence, any reference to “age-

related changes” should be regarded cautiously. Several

other variables may be responsible for observed changes

over the life-span. These include differences in

nutrition, health care, and education that may vary between

individuals born in different decades. Although this study

is limited in terms of the conclusions that can be made

about changes over the life-span, the goal of this study is

first and foremost, to characterize the difference between

AI users and controls. As a result, this study compares

how the relationship between brain integrity and age

differs between these two groups, as opposed to drawing

conclusions about the effects of age on the brain.

Several studies support the theory that AI use may

have a protective effect on cognition (Halliday et al.

2002; Jonker, Comijs & Smit, 2003; Kang & Grodstein, 2003;

Rozzini et al., 1996). In order to examine the

relationship between AI use and cognition, participants in

this study underwent extensive neuropsychological testing.

Several tests were administered that provided measures of

general cognitive and intellectual functioning, as well as

two series of tests that were used for the calculation of

composite factor scores representing memory and executive

function (Glisky Polster, & Routhieaux, 1995).

In order to fully assess the effect of AI use on the

brain and cognition, this study was comprised of several

sub-components. The remainder of this document will

consist of the following:
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1. A presentation of the specific hypotheses put forth at

the start of this study, followed by a description of

the study general methods.

2. Three chapters offering more detailed background,

methods, results, and discussion, for each of the

types of imaging methods used: diffusion-weighted MRI,

voxel-based morphometry, and T2 weighted imaging for

the detection of white matter hyperintensities. These

are followed by a chapter that discusses cognition in

arthritis and AI users, presents the results from the

neuropsychological analyses, and concludes with a

brief discussion.

3. The grand finale: a general summary of findings and a

general discussion.

Main Hypothesis: AI drugs have a beneficial effect on brain

integrity in older age.

Specific Hypotheses

1. Use of high dosage AI drugs will be associated with

greater brain integrity as indicated by diffusion-

weighted MRI measures such as higher anisotropy and

lower ADC or radial diffusivity when compared to age-

matched controls. It is possible that risk factors

for AD such as ApoE status and family history of AD

may interact with AI use. As a secondary hypothesis,

it is predicted that individuals with increased risk

for AD (either ApoE ε4 carriers or those with first

order AD relatives) who are AI users will show greater
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brain integrity as indicated by diffusion-weighted MRI

measures, compared to control participants with risk.

2. AI drugs will have a protective effect in aging.

Controls and AI users will show different

relationships between brain integrity and age, as

indicated by diffusion-weighted MRI measures.

3. Greater years of drug use will be associated with

increased brain integrity as indicated by diffusion-

weighted MRI measures.

4. AI users will have greater gray and white matter

volume compared to controls, as measured by voxel-

based morphometry.

5. AI users will show a different relationship between

brain volume and age compared to controls, as measured

by voxel-based morphometry. Specifically, AI users

will show less correlation between increasing age and

declining volume, compared to controls.

6. AI users will show less white matter hyperintensity

burden compared to controls, as measured with T2-

weighted MRI.

7. Prolonged use of a high dosage AI will be associated

with higher scores on neuropsychological tests of

memory and executive function compared to age-matched

controls.

8. The relationship between memory and executive function

and age will differ between AI users and controls.

Specifically, AI users will show higher cognitive

function at older ages, compared to controls.
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CHAPTER 2

GENERAL METHODS

Participants. Volunteers included 69 women between the

ages of 52 and 92 years. Only female participants were

recruited because females have a higher rate of arthritis

than men (Bolen et al., 2005). All procedures were

approved by the Human Subjects Committee of the University

of Arizona.

Two primary groups were compared to investigate the effect

of AI use on cognitive function and brain integrity:

1. A group of AI users. Thirty-six females with

consistent/stable current or past dosage of an anti-

inflammatory drug for at least 2 years duration for

the treatment of arthritis or chronic pain.

2. A group of controls. Thirty-three females who were

matched on age and education with no current or

previous use of an AI (other than occasional use of

AIs for acute pain such as headache) served as the

control group.

Control participants were recruited from the community and

through an existing database of older individuals.

Patients were recruited through the Arizona Arthritis

Center. Participants were screened to exclude prior or

current head injury with sequelae, neurological or

psychiatric disorder, drug and/or alcohol abuse, and

diseases that might interfere with normal cognitive



23

functioning. Participants were also screened for possible

contraindications to MRI. With the exception of a small

number of participants, subjects were fluent English

speakers. Three participants (two AI users and one

control) were non-native English speakers. Only brain data

were collected from these participants and cognitive tests

were not used in analyses because normative data are not

available for non-native speakers.

Dose Response

The study calculated dosage using a method published by

Hanlon et al. (1997). Anti-inflammatory drugs have various

dosages at which they are effective, and different drugs

can also have slightly different mechanisms of action.

Following Hanlon et al. (1997), participants’ daily drug

dose was divided by the minimal effective analgesic dose

per day. The minimal effective analgesic doses per day were

as follows: ibuprofen, 1200 mg; indomethacin, 75 mg;

naproxen, 500 mg; fenoprofen, 800 mg; tolmetin, 600 mg;

meclofenamate, 150 mg; piroxicam, 20 mg, ketoprofen, 75 mg;

flurbiprofen, 150 mg, diclofenac, 100 mg; and sulindac, 300

mg. Standardized dosages were calculated for the most

commonly used anti-inflammatory drugs.

The present study was not designed to look at the

effects of different subtypes of AI drugs. However,

participants were taking several different types of drugs.

To the extent that it was possible, the effects of

different types of AI drugs were examined. For example, in

addition to NSAIDs, a number of participants were taking
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disease modifying anti-rheumatic drugs (DMARDS). Because

the anti-inflammatory mechanisms of DMARDS (methotrexate,

infliximab, hydroxychloroquine, and sulfasalazine) are

different from one another and difficult to equate,

analyses on dosage were not performed. Rather, the effects

of these drugs were considered in group comparisons. Please

see Appendix B for a more detailed description of DMARDs.

Procedure

MRI scanning and blood sampling took place over one

appointment of approximately one hour, neuropsychological

testing took place over two appointments of approximately 2

hours each.

All participants provided one blood sample for ApoE

genotype to be characterized. Before providing a sample of

blood, participants were told that they would not receive

any information about their ApoE genotype. The site of the

draw was cleaned using isopropyl alcohol and four test

tubes (7 ml each) of blood were withdrawn using a sterile,

disposable needle. Specimens were stored at minus 40°C.

Following the collection of blood samples, the blood was

immediately centrifuged in histopaque tubes for the

isolation of white blood cells. The buffy coat layer (white

blood cells) was aspirated from the tube and further

centrifuged with saline solution to produce a “pellet” that

was frozen at minus 40 degrees Celsius for later

determination of APOE genotype. Pellets were delivered to

Sun Health Research Institute in Sun City, Arizona, where

the presence of particular alleles was determined by means
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of isoelectric focusing of the plasma and confirmed by DNA

genotyping.

Erythrocyte sedimentation rate (ESR) and C reactive

protein (CRP) are two indirect indicators of systemic

inflammation. Although these measures were not available

for all participants, a subset of individuals recruited

from the Arizona Arthritis Center had lab test results

available from their medical charts. Since it is possible

that there is a difference between individuals who respond

well to NSAID treatment for arthritis, and patients who do

not respond, these measures may distinguish between

individuals who showed evidence of the protective effects

of AIs and those who did not. These measures were used as

covariates in regression analyses that tested the effect of

long-term AI use in the arthritis/AI group.

Magnetic Resonance Imaging

During the MRI session participants lay on their backs and

wore earplugs and headphones. Ear plugs were used to

dampen the noise from the MRI scanner. Headphones with an

attached microphone (Resonance Technology Inc.) were used

to further protect hearing and to allow for communication

between the experimenter and the participant during the

neuroimaging session. In order to keep the participant’s

head still during the session, foam cushions were placed

next to the head and a Velcro strap was placed over the

forehead. Participants were made comfortable using

blankets for warmth, and cushions were placed under the

knees to reduce back stress. Participants were reminded

prior to the scan that their participation was voluntary
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and that they might signal the experimenter to stop the

exam at anytime by squeezing a ball placed in their hand,

sounding an alarm in the control room. Several scans were

collected during a single MRI session lasting approximately

40 minutes. With the exception of minor changes in sound

and vibration, the experience for the subject was exactly

the same for each type of MRI technique.

MRI scans collected as part of the current study included

the following:

1. Three-plane scout. This scan was used to plan section

locations on subsequent scans during the MRI session.

The scan duration was 57 seconds and 39 images were

collected (13 in each plane: sagittal, axial and

coronal). The TE was 1.7 ms, TR was 139 ms, the matrix

was 256x128, and the FOV was 24mm. The section

thickness was 5 mm with a 1.5mm gap.

2. 3D SPGR. This is a high resolution structural scan

that was used for volumetric analyses using voxel

based morphometry. Two hundred and forty-eight

sagittal images were acquired over 7 minutes and 33

seconds. The TE was 22 ms, TR was 6 s, the matrix was

256x256 and the FOV was 26mm. The section thickness

was 1.4mm and the spacing was -.7mm.

3. T2 FLAIR. Fifty-six axial images were acquired for the

identification of white matter abnormalities such as

white matter hyperintensities. The duration of the

scan was 3 minutes and 40 seconds. The TE was 120ms,
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TR was 11000ms , the matrix was 256x 192 and the FOV

was 26mm. The sections were 2.6 mm thick with no gap.

4. Diffusion Tensor Imaging. An EPI sequence was used to

collect two averages over 12 minutes in 25 directions,

in addition to two non-diffusion weighted acquisitions

(B = 0). Fifty six axial sections of 2.6 mm thickness

with no gap covered the entire brain. The TE was 88.5

ms, TR was 10000 ms, the matrix was 128x128, and the

FOV was 26mm.

Neuropsychological Testing Protocol

Approximately four hours of neuropsychological testing were

administered to participants. Neuropsychological testing

was performed in 2 separate sessions from the imaging and

blood draw. During testing, participants answered

questions and performed puzzle type tasks. Several tests

were administered that provided measures of general

cognitive and intellectual functioning, as well as two

series of tests that were used for the calculation of

composite factor scores representing memory and executive

function (Glisky Polster, & Routhieaux, 1995). The specific

tests used to compute the factor scores are described in

the chapter on neuropsychological testing, and a full

description of the tests can be found in Appendix C.

Statistical analyses

Depending on the imaging data that was being used,

different methods of statistical analysis were often

employed. These methods will be described in detail in

each chapter that follows. Although their implementation
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sometimes differed, the majority of the statistics

calculated in this study employed basic tests such as

ANOVA, t-tests, and correlations. In many cases, it was of

interest whether changes with age were statistically

different between groups, for example, AI users and

controls. In order to assess the difference in magnitude

between two correlations, the following method was used.

First, the Pearson r was transformed to a z score using

Fisher’s transform:

zr = 1/2 [ ln(1 + r) - ln (1 -r)]

where ln is the natural logarithm. Once the z scores were

calculated for the 2 correlations, the difference was

calculated using the following formula:

Three degrees of freedom were lost because the Fisher

transform was used. Any statistic over 1.96 was

significant at the p <.05, two-tailed. This statistic was

used in the diffusion analyses, the voxel-based morphometry

analyses, and in the neuropsychogical analyses.
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GENERAL RESULTS

Demographics. The groups were well matched on age and

years of education. There were no significant differences

between the groups on family history for Alzheimer’s

disease, hypertension, or aspirin use. There was a notable

difference between the groups in the number of ApoE ε4+
individuals per group, with only 9 ε4 carriers in the AI

group and 15 in the control group. There was also a

disparity between groups in the number of homozygous

carriers, with 3 homozygotes in the AI group but only one

in the control group, see Table 1.

Drug types. AI users differed in the kind of drugs taken

to treat arthritis and pain. Drugs used included non-

selective NSAIDs, COX-2 inhibitor type NSAIDs, and disease

modifying anti-rheumatic drugs (DMARDS) such as

methotrexate and sulfasalizine, see Table 2 for a breakdown

on the number of participants taking each particular drug.

Appendix B describes the drugs taken by participants in

greater detail, including information on the disadvantages

of AI drug use.
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Table 1. Demographics

AI Users Controls

Age Mean = 66.81

Range = 53 – 92 yrs

Mean = 69.27

Range = 52 – 88 yrs

Yrs. Education M = 14. 94

Range = 12-20 yrs

M = 14.63

Range = 12-20 yrs

Family History

(First order)

6 with history (17%)

6 undetermined

3 with history (9%)

5 undetermined

ε4+ N = 9 (25%)

3 homozygotes

N = 15 (45%)

1 homozygote

4 undetermined

ε4- N = 27 (75%) N = 14 (42%)

Hypertension N = 8 (22%) N = 6 (19%)

Aspirin Use N = 7 (19%) N = 10 (30%)
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Table 2. Drug Types

Number and percentage of the AI group who were taking

different types of AI drugs.

Drug type Current or Past Users: number

and percentage of group

Non-specific NSAID N = 17 (47%)

Ibuprofen/Advil/Motrin N = 6 (17%)

Naproxen/Aleve/Naprosyn N = 7 (19%)

Oxaprozin /Daypro N = 1 (3%)

Diclofenac Sodium /Voltaren N = 1 (3%)

Zorprin N = 1 (3%)

Nabumetone/Relafen N = 1 (3%)

Sulindac/Clinoril N = 3 (8%)

Salsalate N = 1 (3%)

Piroxicam/Feldene N = 1 (3%)

Aspirin N = 10 (28%)

COX-2 NSAID N = 13 (36%)

Celecoxib /Celebrex N = 8 (22%)

Rofecoxib/Vioxx N = 4 (11%)

Valdecoxib/Bextra N = 3(8%)

Meloxicam/Mobic N = 3(8%)

Methotrexate/ Rheumatrex, N = 17 (47%)

Infliximab/Remicade N = 7 (19%)

Hydroxychloroquine /Plaquenil N = 4 (11%)

Steroid/prednisone N = 4 (11%)

Sulfalazine N = 2 (6%)
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CHAPTER 3

DIFFUSION-WEIGHTED MRI

Introduction

Measures of diffusion MRI. Diffusion-Weighted MRI

(DWMRI) is a brain imaging technique that is sensitive to

the Brownian motion of molecules. Although different types

of molecules can be detected using DWMRI, the most common

is water molecules. Diffusion weighted images are acquired

by using paired gradient pulses; the first pulse dephases

signal from water, and the second pulse rephases the

signal. If water has moved from its original location, the

amount of signal measured followed the 2nd gradient pulse

should match the amount measured before the first pulse. If

water has moved (i.e. as a result of random thermal

motion), there is a loss of signal measured after the

second pulse. In DWMRI, the motion of water molecules is

typically measured in at least 3 orthogonal directions: X,

Y, and Z. Measuring in 3 directions is sufficient to

calculate what is known as the apparent diffusion

coefficient (ADC), a voxel-by-voxel measure of the average

distance that water molecules may travel from their origin

during the experiment. In the brain, water molecule motion

is constrained by brain tissue. In areas where it is very

constrained (such as in areas of tightly packed neuronal

bodies), the ADC is low. In areas of freer diffusion, such

as the fluid filled ventricles, ADC is high. In areas of

the brain where water molecules are constrained in such as

way that they mainly move on a directional axis, their
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motion is said to be anisotropic. For example, a

measurement made of water molecules moving along white

matter tracts in the brain will be highly anisotropic.

Measuring water molecule motion in 3 directions is not

sufficient for accurately characterizing anisotropy. In

order to characterize anisotropy, diffusion is typically

measured in several directions (minimum six) and a

mathematic model of 3-dimensional diffusion is constructed,

the diffusion tensor.

The tensor matrix is often visually represented as an

ellipsoid. The orientation of the ellipsoid is

characterized by 3 eigenvectors. The eigenvectors

represent the major, medium, and minor, principle axes of

the ellipsoid, where the major axis corresponds to the

greatest directionality of water molecule motion. In the

example of a myelinated axon, the major axis would be

parallel to the long axis of the axon.

In contrast, the shape of the ellipsoid is

characterized by three eigenvalues, λ1, λ2, and λ3.
Whereas the eigenvectors are the three principle axes of

the ellipsoid, the eigenvalues represent the diffusivities

in these three directions. λ1 represent the greatest

magnitude of diffusion, λ2 the second largest, and λ3 the
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third largest magnitude of diffusivity. If λ1, λ2, and λ3
are equal to one another, diffusion is isotropic (molecule

motion is equal in all directions). This would be visually

represented as a sphere. In anisotropic conditions the

diagonal components of the tensor differ. Visually

represented, the ellipsoid would be longer in at least one

or two axes; these different shapes are sometimes referred

to as cigar or pancake shaped models of diffusion.

Different formulae can be used to calculate

anisotropy. In this study we report a common measure,

fractional anisotropy (or FA), which is calculated as:

(λ1-[λ])2 + λ2-[λ])2 + λ3-[λ])2, where [λ] is an average of

λ1, λ2, and λ3. In this study, we also report ADC, or

overall diffusion, calculated as: (λ1 + λ2 + λ3)/3.
Diffusion data can be acquired using virtually any

type of MR imaging sequence; though the most common is echo

planar imaging (EPI). An EPI sequence was used in the

present study. Specifically, a parallel imaging sequence

developed by GE called ASSET. The main advantage of using

EPI imaging is an increase in acquisition speed; the main

disadvantage is susceptibility artifacts caused by

inhomogeneities in the magnetic field (i.e. such as those

found at air tissue interfaces). Artifacts in EPI images

of the brain are common in the frontal lobes and in the

inferior temporal lobes. Parallel imaging techniques such

as ASSET reconstruct full field of view images from under-

sampled k-space data using field maps that are collected

using multiple imaging coils. In this case, an 8-channel

GE head coil was used. One advantage of parallel imaging

is even faster acquisition, furthermore, parallel imaging
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can reduce some of the susceptibility artifacts that are

typical of EPI images. In the present study, the GE ASSET

sequence did not completely eliminate artifact, and the

inferior temporal lobes contained distorted data. For this

reason, the hippocampus was not included as a region of

interest; rather, undistorted data from the temporal stem

was used instead. Additional regions of interest included

the centrum semiovale, frontal and parietal white matter,

the genu and splenium of the corpus callosum, and the

insula.

Diffusion MRI in aging and Alzheimer’s disease. To

date, DWMRI has been applied successfully in the detection

and study of stroke, multiple sclerosis, amyolateral

sclerosis, cancer, (Gulani & Sundgren, 2006) and more

recently the study of aging and Alzheimer’s disease

(Sullivan & Pfefferbaum, 2003).

Diffusion and diffusion anisotropy have been shown to

change in a number of areas in the Alzheimer’s brain,

including the corpus callosum (Sugihara, Matsusue,

Kinoshita, & Ogawa, 2003; Hanyu et al., 1999; Takahashi et

al., 2002), anterior white matter (Sugihara et al. 2003),

posterior white matter (Sugihara et al., 2003; Sandson,

Felician, Edelman, & Warach, 1999; Bozzao et al., 2001),

the cingulate bundles (Takahashi et al. 2002), parietal

cortices (Yoshiura et al., 2005) and areas of the temporal

lobe including the temporal stem (Hanyu et al. 1998),

temporal white matter (Takahashi et al. 2002; Yoshiura et

al., 2005) and the hippocampus (Sandson et al., 1999).

Although the majority of studies report lower

anisotropy and higher ADC in Alzheimer’s disease, AD
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pathology is not always associated with higher ADC.

Mueggler and colleagues (Mueggler, Meyer-Luehmann, Rausch,

Staufenbiel, Jucker, & Rudin, 2004), have reported lower

ADC in the cortices of APP23 transgenic mice. Restricted

diffusion was greatest in those areas with a high content

of fibrillar amyloid deposits and associated gliosis. This

suggests that different types of pathology may be

associated with different changes in diffusion measures.

Whereas acute inflammation and neurodegeneration (atrophy

or loss of neurons) may be associated with an increase in

diffusion, gliosis may be associated with lower diffusion.

Furthermore, breaking down the apparent diffusion

coefficient into its component axes may provide additional

insight into neurodegenerative phenomena. Sheng-Kwei Song,

and colleagues (Song et al., 2002) have described λ1 as

water diffusivity parallel to axonal fiber tracts, and an

average of λ2 and λ3 as water diffusivity perpendicular to

axonal fiber tracts, or radial diffusion. Song et al.

(2002) studied a type of genetically mutated mice that have

incomplete myelin formation in the CNS (shiverer mice).

They found that water diffusivity parallel to axonal fiber

tracts remained unchanged, while radial diffusion was

sensitive to demyelination. These data suggest that radial

diffusion may reflect specific tissue changes not

represented by ADC and FA alone.

In addition to using DWMRI to characterize Alzheimer’s

disease, there has been an increased interest in using

diffusion measures to characterize individuals at risk for

AD. One population under consideration is comprised of

individuals whose cognitive function (especially in the
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domain of memory) is below normal, but not so severe as to

meet criteria for dementia, a status commonly referred to

as mild cognitive impairment (MCI). Individuals with MCI

have been found to show brain changes in regions affected

early in the course of AD, such as the white matter of the

posterior parietal lobe (Medina et al. 2005), the cingulate

(Fellgiebel et al., 2005; Medina et al. 2005), frontal

white matter (Lovblad et al., 2004), the centrum semiovale,

(Fellgiebel et al., 2004), temporal white matter

(Fellgiebel et al., 2004), and the hippocampus (Fellgiebel

et al., 2004; Muller et al., 2005).

Similar to the findings of Fellgiebel et al. (2004)

and Muller et al. (2005), Kantarci and colleagues have

found higher hippocampal ADC in individuals with MCI

compared to controls (Kantarci et al., 2001). In a follow-

up study, Kantarci et al. (2005) determined that patients

who had a higher hippocampal ADC at baseline 3 years prior

had a greater risk of progressing to AD.

Although MCI is one of the most oft studied risk

factors for AD, apolipoprotein E (ApoE) status is also an

important factor. Presence of the ApoE ε4 allele has been

associated with a number of brain changes in non-demented

carriers compared to the non-risk alleles ε2 and ε3. These

changes include increased atrophy (Lind et al., 2006),

changes in metabolism (Reiman et al. 2004), and changes in

functional activation as measured with fMRI (Bookheimer et

al., 2000; Lind et al., 2006). Fewer studies have

considered diffusion changes in ε4 carriers, although,

Nierenberg and colleagues (Nierenberg et al., 2005) have

reported that ε4 carriers show significantly lower



38

fractional anisotropy and higher radial diffusivity in the

parahippocampal white matter compared to noncarriers.

Kantarci et al. (2001), also considered ApoE status, but

did not find any relationship between ε4 and ADC or the

Anisotropy Index (a measure of the directional diffusion of

water). Research suggests that dose of the apoE ε4 allele

is important. Reiman et al. have found dose effects in

metabolic studies of carriers, with homozygotes showing

greater differences from controls than heterozygotes

(Reiman et al. 2005). Lemaitre et al. (2005) have found

that homozygotes show morphometrical differences in the

hippocampus compared to controls, but that heterozygotes do

not differ from controls. To date, no studies have

investigated dose effects on diffusion measures.

Diffusion changes have been observed extensively in

pathological conditions, but it has recently been noted

that diffusion values may change subtly in normal ageing as

well. Notably, Pfefferbaum et al. (2000) found that median

FA was negatively correlated with age in all seven of the

regions of interest studied. The correlations were

significant in the genu, centrum semiovale, and left and

right frontal and parietal pericallosal areas. Salat et al.

(2005) have reported a significant age-related decline in

anisotropy in several regions, including frontal white

matter, the posterior limb of the internal capsule and the

genu of the corpus callosum. Temporal and posterior white

matter however, did not show any change. Other similar

findings with respect to age include changes in frontal

white matter (Abe et al., 2002; Engelter et al., 2000; Head

et al., 2004), the corpus callosum (Abe et al., 2002; Head
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et al., 2004), the thalamus (Engelter et al., 2000),

lentiform nucleus (Abe et al., 2002), posterior white

matter regions (Engelter, et al., 2000) including parietal

and occipital white matter (Head et al., 2004) and in

temporal white matter (Head et al., 2004). Head et al.

(2004) have also reported that age effects are greater in

anterior as opposed to posterior regions, suggesting an

age-associated anterior-to-posterior gradient.

In summary, it is clear that even though it is a

relative newcomer to the study of normal and pathological

aging, diffusion weighted MRI has proven to be a useful

tool that is both sensitive to age-related changes and to

the specific changes that occur in the pathologically aging

brain.

To date, no studies have used DWMRI to examine

variables that may be protective in aging. Anti-

inflammatory (AI) drugs have been shown to decrease the

development of AD pathology and although it has not been

shown in vivo, it is possible that AI drugs may even slow

age-related brain changes. In the present study DWMRI was

used to investigate potential differences AI users and

controls. DWMRI was also used to investigate possible

interactions between AI use and variables that may have an

adverse effect on the aging process, including genetic risk

for AD, and family history of AD. It was predicted that AI

users would show preserved brain integrity, reflected as

lower ADC and radial diffusivity, and higher FA compared to

controls. In addition, it was predicted that AI users

would show a different relationship between diffusion

values and age, compared to controls.
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ANALYSES

EPI diffusion image analysis consisted of creating ADC, FA,

λ2, and λ3 maps using DTIstudio software developed at Johns

Hopkins University (Jiang, van Zijl, Kim, Pearlson, & Mori,

2006). As described in the introduction, ADC, FA, λ1, λ2,
and λ3 maps are based on the calculation of a diffusion

tensor. DTIstudio uses a system of equations for

calculating the tensor (see Jiang et al., 2006, for a

description). The pulse sequence used in this study

collected 25 independent diffusion directions, resulting in

a case where the system of equations from which the tensor

is calculated is overdetermined. DTIstudio performs the

tensor calculation by solving the over-determined linear

equation system using least squares fitting. In order to

perform region of interest analyses on the diffusion data,

the maps were further processed using Statistical

Parametric Mapping software (SPM2), Wellcome Dept. Cogn.

Neurol, London; http://www.fil.ion. ucl.ac.uk/spm. First,

non-diffusion weighted images (B0 images) were registered

or normalized to a T2 weighted MNI template. The MNI

template is based on an average of 152 normal MRI brain

scans collected at the Montreal Neurological Institute

(reviewed in Brett, Johnsrude & Owen, 2002). The

normalization parameters used for the B0 images were then

applied to the ADC, FA, λ1, λ2, and λ3 maps. The

normalized λ2 and λ3 maps were averaged to produce a map of

radial diffusion.

The normalized B0 images were then segmented into

gray, white and CSF for the purpose of creating gray and
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white matter masks for subsequent analyses. SPM

segmentation uses information about voxel intensity in

addition to employing prior probability maps (priors). The

priors used in SPM are based on the MNI template and

provide probabilities of the spatial distribution of gray

matter, white matter and CSF in normal participants. SPM

segmentation also incorporates an image intensity

nonuniformity correction (Ashburner and Friston, 2000) to

deal with image intensity variations caused by different

positions of cranial structures within the MRI head coil.

It is important to note that the B0 images were T2

weighted. As a result, white matter hyperintensities and

periventricular capping had a similar intensity to gray

matter. For that reason, abnormal white matter was

included in the gray matter mask, rather than the white

matter mask. This anomaly was used advantage in the present

study, as it resulted in a white matter mask that was

relatively free of hypertense or abnormal white matter, see

Figure 1. Consequently, it was possible to extract

diffusion values from apparently normal white matter using

the white matter mask.

Diffusion data was analyzed in six white matter

regions of interest: centrum semiovale, frontal, parietal,

temporal stem and genu and splenium of the corpus callosum,

and one gray matter regions of interest: insula. Region of

interest maps were drawn on the normalized brain and

applied to each participant’s diffusion maps. Since some

of the anatomical region of interest masks covered brain

area that was not solely gray matter, or solely white

matter, the region of interest masks were combined (or
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crossed) with the individual participant’s gray and white

matter masks. The individual gray and white matter masks

were created by using the segmented images and converting

them to binary mask images using MarsBar (Brett, Anton,

Valabregue, & Poline, 2002). This crossing assured that

the resulting region of interest masks only sampled from

white matter, or only sampled from gray matter in the final

analyses. Upon inspection of the original normalized and

segmented images, it was noted that non-brain tissue could

be viewed around the boundary of the segmented images, see

Figure 1. For this reason, no regions of interest that

were proximal to the edge of the brain were studied.

The seven original regions of interest are shown in

Figure 2 below. In order to sample only from one tissue

type for each ROI, the original ROIs were crossed, or

combined, with white matter and gray matter segments from

each participant, such that the final maps only included

one tissue type in that region of interest. After the

crossed region of interest masks were generated, they were

applied to the FA, ADC, and radial diffusion maps. Mean

FA, ADC, and radial diffusivity for each region of interest

were then extracted for further analyses.

Statistics. The relationship between ADC, FA, radial

diffusivity, and variables of interest were analyzed

statistically using SPSS version 14.0 (SPSS, Inc., Chicago

IL).

Results
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Figure 1. White matter Segmentation. This image shows T1

weighted white matter that has been segmented from gray

matter. Regions of white matter that were seen as

hyperintense on T2 weighted images were not classified as

white matter in the segmented images, indicated by the

arrows pointing to abnormal white matter. Following

segmentation non-white matter voxels were still present at

the edge of the brain. Regions of interest included in the

present study were not in the vicinity of these edge

voxels.
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Figure 2. Regions of Interest (ROIs). Rows A, B, and C,

depict the original ROIs, frontal white matter (WM), the

genu and splenium of the corpus callous, parietal WM, the

centrum semiovale, the temporal stem, and insula. Each ROI

is shown in a different color. The original ROIS were

combined or crossed with the unique tissue type masks to

include only white matter or only gray matter in the final

analyses. Row D shows an example of the ROIs once they have

been crossed with one participant’s unique WM mask. Shown

in D are the genu (turquoise), splenium (orange), frontal

WM (light blue), centrum semiovale (dark blue), parietal WM

(yellow), and temporal stem (burgundy). These crossed

masks were applied to the diffusion maps for ROI analysis.
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Group comparisons. It was hypothesized that the use of AI

drugs would be associated with higher FA, lower ADC, and

lower radial diffusivity, compared to controls. Beneficial

effects of AI use were found in frontal white matter,

Figure 3, A., and in the genu of the corpus callosum,

Figure 3, B. Independent t-tests were used to compare

diffusion in the 7 regions of interest between AI users and

controls. Because specific hypotheses were put forth (AI

users will have higher FA, lower ADC, and lower radial

diffusivity compared to controls), a one-tailed test was

used. AI users showed significantly higher FA in frontal

white matter (M = 0.432760) compared to controls (M =

0.403489), t (df = 65) = -2.132,p < .05, significantly

lower radial diffusivity in frontal white matter (M

=0.000549) compared to controls (0.000577), t (df = 65) =

1.724, p < .05, higher FA in the genu (M = 0.630172)

compared to controls (M = 0.606773), t (df = 65) = -2.063,

p < .05, lower ADC in the genu (M = 0.000819) compared to

controls (M = 0.000847), t (df = 65) = 1.855, p < .05, and

lower radial diffusivity in the genu (M = 0.000471)

compared to controls (M = 0.000507), t (df = 65) = 2.403, p

< .01. The results are summarized in Table 3, below.

Steroids. Four participants in the AI group were taking a

steroid (prednisone). Since steroids are known to have an

adverse effect on the brain (see Appendix B), group

comparisons were performed after removing these 4

participants. Removing these participants from the

arthritis group did not change the pattern of group
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differences reported above. See Appendix D for additional

analyses on steroids.

Table 3. FA, ADC, and radial diffusivity in AI users and

controls. Mean FA, ADC, and radial diffusivity values in

the seven regions of interest are provided for AI users and

controls. The t statistic for mean differences between

groups is one-tailed. Significant differences between

groups are denoted by a star system.

** Significant at p < .01

* Significant at p < .05

* ms Marginally significant

Mean SD t Sig. (1-tailed)

Insula FA Mean Control 0.198149 0.016801 -1.615 0.056
AI 0.207327 0.027833

Insula ADC mean Control 0.001375 0.000130 0.386 0.351
AI 0.001363 0.000134

Insula radial mean Control 0.000836 0.000083 0.641 0.262
AI 0.000822 0.000088

Centrum FA mean Control 0.364402 0.019667 -1.225 0.113
AI 0.370890 0.023320

Centrum ADC mean Control 0.000705 0.000037 -0.330 0.371
AI 0.000708 0.000043

Centrum radial mean Control 0.000567 0.000035 0.160 0.437
AI 0.000565 0.000037

Frontal FA mean Control 0.403489 0.054173 -2.132 * 0.019
AI 0.432760 0.057882

Frontal ADC mean Control 0.000746 0.000048 1.276 0.103
AI 0.000729 0.000060

Frontal radial mean Control 0.000577 0.000061 1.724 * 0.045
AI 0.000549 0.000071
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Genu FA mean Control 0.606773 0.050949 -2.063 * 0.022
AI 0.630172 0.041783

Genu ADC mean Control 0.000847 0.000062 1.855 * 0.034
AI 0.000819 0.000059

Genu radial mean Control 0.000507 0.000068 2.403 ** 0.010
AI 0.000471 0.000051

Parietal FA mean Control 0.421999 0.043920 0.689 0.247
AI 0.414414 0.046030

Parietal ADC mean Control 0.000696 0.000045 -0.468 0.321
AI 0.000701 0.000044

Parietal radial mean Control 0.000537 0.000050 -0.677 0.251
AI 0.000545 0.000053

Splenium FA mean Control 0.585863 0.048417 -0.057 0.478
AI 0.586516 0.045594

Splenium ADC mean Control 0.000829 0.000070 1.417 0.081
AI 0.000807 0.000055

Splenium radial mean Control 0.000513 0.000072 1.485 0.071
AI 0.000491 0.000044

Tempstem FA mean Control 0.476830 0.037424 -0.276 0.392
AI 0.479255 0.034452

Tempstem ADC mean Control 0.000748 0.000039 0.782 0.219
AI 0.000741 0.000039

Tempstem radial mean Control 0.000544 0.000048 0.823 0.207
AI 0.000536 0.000037
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A B

Figure 3. FA in controls and AI users. The use of anti-

inflammatory (AI) drugs was associated with higher

fractional anisotropy (FA) in frontal white matter compared

to controls (A); in addition to significantly greater FA in

the genu of the corpus callosum compared to controls (B).
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Correlations with age. Previous research has indicated

that there is a significant relationship between diffusion

change and age. In this sample, there was a strong

relationship between age and diffusion in six of the eight

regions of interest with the exception of only a marginally

significant negative correlation between FA and age in the

splenium of the corpus callosum. The centrum semiovale and

parietal white matter did not show a relationship between

diffusion and increased age.

It is possible that AI users and controls show

different patterns of change with age. For example, if AI

use is protective, it is perhaps the case that AI users

show less change in FA with increasing age compared to

controls, and that controls would show a greater change in

ADC and radial diffusivity compared to AI users. AI users

did appear to show less change with age compared to

controls in the splenium and the genu of the corpus

callosum. In order to assess this difference

statistically, bivariate correlation tables for AI users

and for controls were produced separately, see Table 4.

For each region, the Pearson correlation between age and

diffusion for the AI users, and the Pearson correlation

between age and diffusion in controls was compared using a

Fisher test. The correlation between age and FA in the

splenium was significantly greater in controls compared to

AI users, Z = 1.981, p < .05, see Figure 4.
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Duration of Use. Since it is possible that using an AI

drug for a longer period of time may result in increased

benefit, a correlation analysis was performed to test

whether greater years of drug use are associated with

higher FA and lower ADC and radial diffusivity. A

marginally significant positive correlation between years

of AI drug use and FA was found in the centrum semiovale,

(R = .322, p = .055). The effect however, appeared to be

driven by one participant who had been taking 650 mg of

aspirin for 57 years and had very high FA in this region of

the brain. Indeed, removing this participant from the

analysis removed the significant effect. No other

correlations approached significance.

Aspirin. There were 16 participants in the sample who took

aspirin. Of these, 6 participants were in the AI group

(dose ranging from 81 mg to 650 mg) and 10 were in the non-

AI group (dose ranging from 81 mg. to 350 mg). There was

no effect of aspirin on any of the brain regions studied.

Independent t-tests were used to compare aspirin users

to controls, and diffusion in the 7 regions of interest

were the dependent variables. Because a clear prediction

was made that aspirin users would show higher FA, lower

ADC, and lower radial diffusivity compared to controls,

one-tailed tests were used. None of the tests approached

significance.

As it may be that the benefits of aspirin are only seen

after greater years of use, a bivariate correlation was

used to assess the correlation between duration and brain

integrity in the seven regions of interest. Aspirin use
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showed a significant relationship with FA in the centrum

semiovale. This result appeared to be driven by the one

participant who had been taking 650 mg of aspirin for 57

Table 4. Change with age in FA, ADC, and radial

diffusivity in Controls and AI users. Significant

relationships between diffusion measures and age in

controls and users of anti-inflammatory (AI) drugs are

denoted by stars. The second last column indicates the

correlation between diffusion measures and age in the

control and AI users combined. The last column shows the

significance level for Fisher tests between correlations. A

significant test indicates that the correlation in the

control group and the correlation in the AI group differed

significantly from one another.

** Significant at p < .01

* Significant at P < .05

*ms Marginally Significant

ns Non-significant

Significance levels for the Pearson R are one-tailed.

Significance levels for the Fisher test are two-tailed.

Control AI Combined Fisher sig. p

Insula FA Mean Pearson -0.360 * -0.297 * -0.339 ** 0.747

Insula ADC mean Pearson 0.721 *** 0.749 *** 0.663 *** 1.000

Insula radial mean Pearson 0.743 *** 0.761*** 0.670 *** 0.948

Centrum FA mean Pearson 0.097ns -0.001 ns 0.028 ns 0.702

Centrum ADC mean Pearson 0.161 ns 0.377 ** 0.262 * 0.358

Centrum radial mean Pearson 0.040 ns 0.331 * 0.184 ns 0.232

Frontal FA mean Pearson -0.497 ** -0.541 *** -0.523 *** 0.813
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Frontal ADC mean Pearson 0.430 ** 0.443 ** 0.438 *** 0.988

Frontal radial mean Pearson 0.512 *** 0.540 *** 0.528 *** 0.879

Genu FA mean Pearson -0.485 ** -0.288 * -0.413 *** 0.36

Genu ADC mean Pearson 0.412 ** 0.576 *** 0.497 *** 0.391

Genu radial mean Pearson 0.484 ** 0.567 *** 0.524 *** 0.652

Parietal FA mean Pearson -0.209 ns 0.030 ns -0.081 ns 0.341

Parietal ADC mean Pearson 0.322 * 0.123 ns 0.219 * 0.409

Parietal radial mean Pearson 0.299 * 0.108 ns 0.192 *ms 0.432

Splenium FA mean Pearson -0.415 ** 0.064 ns -0.192 *ms 0.047 *

Splenium ADC mean Pearson 0.512 *** 0.476 ** 0.505 *** 0.852

Splenium radial mean Pearson 0.524 *** 0.434 ** 0.495 *** 0.646

Tempstem FA mean Pearson -0.384 * -0.424 ** -0.403 *** 0.851

Tempstem ADC mean Pearson 0.388 ** 0.528 *** 0.459 *** 0.485

Tempstem radial mean Pearson 0.417 ** 0.595 *** 0.497 *** 0.343
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Figure 4. Relationship between splenium FA and age in AI

users and controls. AI users showed less FA decline with

age in the splenium of the corpus callosum (R = .06)

compared to controls (R = - .42).
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years, and had very high FA in this region. Removing this

participant actually resulted in a slight downward (though

non-significant) trend in FA with increased years of

aspirin use.

NSAIDs. The majority of the literature on the beneficial

effects of AI drugs has focused on the use of NSAIDs. In

the present study, the AI group was using a variety of

different drug types. Still, it was possible to isolate 14

individuals who were taking an NSAID but were not taking

any other drugs such as steroids or methotrexate. These

fourteen participants were compared to controls who were

not taking an AI drugs, other than low-dose aspirin (n=

32). There were no significant (or marginally significant)

differences between NSAID users and controls on any of the

diffusion measures when the groups were compared with

independent t-tests.

Other drug types. The participants in this project were

taking several different types of drugs in addition to

NSAIDs, such as methotrexate, and steroids. The

comparisons between the groups, while interesting, were

limited by drug overlap and small numbers. See Appendix D

for the results of these tests.

Dose Response. Because larger doses of AI drugs would

presumably have a better chance of crossing the blood brain

barrier and would be better able to suppress inflammation,

it was hypothesized that a larger dose of an AI drug would
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result in higher FA, lower ADC, and lower radial diffusion.

In the present study, there was no effect of dose on the

brain as measured by diffusion. Following transformation

for minimal effective analgesic dose per day, a bivariate

one-tailed correlation was used to test the relationship

between dose effects of non-aspirin NSAIDs, and diffusion

in the seven regions of interest. None of the regions

approached significance. A second correlation was

performed to test the relationship between aspirin dose and

diffusion in the seven regions of interest. None of the

correlations approached significance.

Genotype and Diffusion. Previous research in our laboratory

has shown that ε4 carriers show greater change in diffusion

measures with age compared to controls. Analyses on ε4
were performed on the current dataset; however, since the

focus of this project was AI use not genetic risk, results

that are specific to ε4 analsyes are not included here and

are instead found in Appendix D.

ε4 and AI interactions. Because AI use shows a beneficial

effect on white matter as measured by diffusion, and ε4 may

confer a detrimental effect, it would be interesting to

know whether AI use can protect individuals who are ε4
carriers. Unfortunately, separating the groups based on ε4
status and AI use resulted in groups that were not well

matched. As shown in Table 5, there were significant age

differences between groups when the participants were

divided between 4 cells.
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Table 5. Age of participants by AI use and ε4 status.

AI USERS CONTROLS

ε4+ Age = 59.89; N = 9 Age = 72.07; N = 14

ε4- Age = 69.11; N = 26 Age = 69.79; N = 13
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In addition, ε4 was distributed unequally between the

groups, with 3 homozygotes in the AI group, and only one in

the control group, and a truncated age range in the ε4+ AI

group. This study did not aim to collect a specific number

of ε4 carriers, ε4 status was incidental. In order to

further examine these interactions, age and ε4 status would

need to be equated across the 4 groups in a larger study.

Equating groups on ε4. As noted in the general results,

there was an unequal distribution of ε4 between the AI and

control group, with 14 carriers in the control group, and 9

in the AI group. It would not be unreasonable to question

whether some of the results reported above describing the

beneficial effects of AI, are not instead due to the

difference in ApoE status between the 2 groups. This would

be a fair criticism. In order to investigate whether

differences between AI users and controls are still

apparent when the groups are matched on ε4 status, 5 ε4
carriers (spanning a range of ages) were randomly removed

from the control group. Equating the groups on ε4 did not

change the results reported above. One-tailed t-tests were

used to compare AI-users to controls with diffusion scores

in the seven regions of interest as the dependent

variables. All the results remained unchanged, with the

exception of radial diffusivity in frontal white matter.

Diffusivity remained higher in the control group compared

to AI users, but changed from non-significant (p = .064) to

significant (p = .045). The comparison between the

original results and the ε4 equated results are shown in

Table 6.
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Table 6. Original FA, ADC, and radial diffusion group

means compared to group means after equating for ε4. 
Columns on the left side (#1 ORIGINAL) show the group means

on diffusion measures that were reported above. Columns on

the right side (#2 ε4 EQUAL) show the group means after 5

ε4 carriers were removed from the control group. Items in

bold are the significant group results, which remained

unchanged except for radial diffusivity in frontal white

matter, which was non-significant in the original analysis,

and significant in the equated analysis.

#1
ORIGINAL Mean t Sig.

#2 ε4
EQUAL Mean T Sig.

Insula FA Control 0.198149 -1.611 0.056 0.197603 -1.62 0.056
AI 0.207327 0.207327

Insula ADC Control 0.001375 0.371 0.356 0.001376 0.386 0.351
AI 0.001363 0.001363

Insula radial Control 0.000836 0.657 0.257 0.000837 0.641 0.262
AI 0.000822 0.000822

Centrum FA Control 0.364402 -1.160 0.125 0.364441
-

1.225 0.113
AI 0.370890 0.370890

Centrum
ADC Control 0.000705 -0.570 0.285 0.000703

-
0.330 0.371

AI 0.000708 0.000708

Centrum
radial Control 0.000567 -0.100 0.460 0.000564 0.160 0.437

AI 0.000565 0.000565

Frontal FA Control 0.403489 -2.058 0.022 0.402826
-

2.132 0.019
AI 0.432760 0.432760

Frontal ADC Control 0.000746 1.021 0.156 0.000743 1.276 0.103



59

AI 0.000729 0.000729

Frontal radial Control 0.000577 1.542 0.064 0.000576 1.724 0.045
AI 0.000549 0.000549

Genu FA Control 0.606773 -1.968 0.027 0.606657
-

2.063 0.022
AI 0.630172 0.630172

Genu ADC Control 0.000847 1.726 0.045 0.000846 1.855 0.034
AI 0.000819 0.000819

Genu radial Control 0.000507 2.278 0.013 0.000506 2.403 0.010
AI 0.000471 0.000471

Parietal FA Control 0.421999 1.041 0.151 0.426466 0.689 0.247
AI 0.414414 0.414414

Parietal ADC Control 0.000696 -0.804 0.212 0.000692
-

0.468 0.321
AI 0.000701 0.000701

Parietal
radial Control 0.000537 -0.999 0.161 0.000532

-
0.677 0.251

AI 0.000545 0.000545

Splenium FA Control 0.585863 0.303 0.381 0.590059
-

0.057 0.478
AI 0.586516 0.586516

Splenium
ADC Control 0.000829 1.396 0.084 0.000830 1.417 0.081

AI 0.000807 0.000807

Splenium
radial Control 0.000513 1.309 0.098 0.000511 1.485 0.071

AI 0.000491 0.000491

Tempstem
FA Control 0.476830 -0.159 0.437 0.477786

-
0.276 0.392

AI 0.479255 0.479255

Tempstem
ADC Control 0.000748 0.645 0.261 0.000747 0.782 0.219

AI 0.000741 0.000741

Tempstem
radial Control 0.000544 0.660 0.256 0.000543 0.823 0.207

AI 0.000536 0.000536
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The comparison between AI users and controls on the

relationship between age and diffusion also remained

virtually unchanged. In particular, the significant

difference between controls and AI users was still

significant, with controls showing a stronger positive

correlation between ADC and radial diffusivity and age, and

a stronger negative correlation between FA and age,

compared to AI users. The original correlations and

correlations after equating for ε4 are shown in Table 7.

Even after removing 5 ε4 carriers from the control group,

the controls still showed a significantly greater negative

correlation between FA and age in the splenium, compared to

AI users. See Figure 5.

Family history. The effect of family history was examined

in a two-by-two ANOVA with diffusion scores in the seven

regions of interest as the dependent variables, and family

history and AI use as independent variables. The presence

of a first order relative did not have a significant effect

on diffusion, nor were there any significant interactions

between family history and AI use.

Discussion

The purpose of this study was to investigate whether AI use

has a beneficial effect on the brain. The conclusion here

is that indeed, AI use does have a beneficial effect, in

particular on frontal white matter, and on the anterior

corpus callosum. AI users showed significantly higher FA
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Table 7. Original FA, ADC, and radial diffusion

correlations with age in controls and AI users compared to

correlations after equating for ε4. Columns on the left

side (#1 ORIGINAL) show the correlations between diffusion

measures and age in controls and AI users that were

reported above. Columns on the right side (#2 ε4 EQUAL)

show the correlations after 5 ε4 carriers were removed from

the control group. The table indicates that equating the

groups on ε4 did not change any of the correlations found

in the original analysis, in particular, the significant

difference between correlations in splenium FA(bold).

** Significant at p < .01

* Significant at P < .05

*ms Marginally Significant

ns Non-significant

Significance levels for the Pearson R are one-tailed.

#1
ORIGINAL Control AI

#2 ε4
EQUAL Control AI

Insula FA Mean Pearson -0.36 * -0.297* -0.339 * -0.297 *
Sig. 0.015 0.033 0.042 0.042

Insula ADC mean Pearson 0.721*** 0.749*** 0.717*** 0.749***
Sig. < .001 < .001 < .001 < .001

Insula radial mean Pearson 0.743*** 0.761*** 0.730*** 0.761***
Sig. < .001 < .001 < .001 < .001

Centrum FA mean Pearson 0.097ns
-

0.001ns 0.133ns -0.001ns
Sig. 0.298 0.498 0.254 0.498

Centrum ADC mean Pearson 0.161 ns 0.377 * 0.085ns 0.377**
Sig. 0.189 0.013 0.337 0.013

Centrum radial mean Pearson 0.040 * 0.331ns -0.047ns 0.331*
Sig. 0.415 0.026 0.407 0.026
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Frontal FA mean Pearson -0.497 **
-

0.541*** -0.477** -0.541***
Sig. 0.002 < .001 0.006 < .001

Frontal ADC mean Pearson 0.430 ** 0.443** 0.405 * 0.443**
Sig. 0.007 0.004 0.018 0.004

Frontal radial mean Pearson 0.512***
0.540

*** 0.482** 0.540***
Sig. < .001 < .001 0.005 < .001

Genu FA mean Pearson -0.485** -0.288* -0.468** -0.288*
Sig. 0.002 0.047 0.007 0.047

Genu ADC mean Pearson 0.412** 0.576*** 0.393* 0.576***
Sig. 0.010 < .001 0.021 < .001

Genu radial mean Pearson 0.484** 0.567*** 0.468** 0.567***
Sig. 0.003 < .001 0.007 < .001

Parietal FA mean Pearson -0.209ns 0.030ns -0.240ns 0.030ns
Sig. 0.126 0.432 0.114 0.432

Parietal ADC mean Pearson 0.322* 0.123ns 0.323* 0.123ns
Sig. 0.036 0.241 0.050 0.241

Parietal radial mean Pearson 0.299* 0.108ns 0.311ms 0.108ns
Sig. 0.048 0.269 0.057 0.269

Splenium FA mean Pearson -0.415** 0.064ns -0.499** 0.064ns
Sig. 0.009 0.357 0.004 0.357

Splenium ADC mean Pearson 0.512*** 0.476** 0.512** 0.476**
Sig. < .001 0.002 0.003 0.002

Splenium radial mean Pearson 0.524*** 0.434** 0.559*** 0.434**
Sig. < .001 0.005 < .001 0.005

Tempstem FA mean Pearson -0.384* -0.424** -0.332* -0.424**
Sig. 0.015 0.006 0.046 0.006

Tempstem ADC
mean Pearson 0.388** 0.528*** 0.365* 0.528***

Sig. 0.014 < .001 0.031 < .001

Tempstem radial
mean Pearson 0.417** 0.595*** 0.373* 0.595***

Sig. 0.009 < .001 0.028 < .001
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Figure 5. Relationship between splenium FA and age in AI

users and controls after equating for ε4. The AI group

showed significantly less decline in splenium FA with

increasing age, compared to controls.
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and lower radial diffusivity in frontal white matter, in

addition to higher FA, lower ADC, and lower radial

diffusivity in the genu, compared to controls.

These results are interesting, as the frontal lobes

show significant losses in pyramidal neurons in the course

of AD, (Mann et al., 1998). Less is known about white

matter changes in AD, though a recent study by Nagarra et

al. (2006) addressed this issue. Nagarra et al. (2006)

used diffusion weighted imaging in 12 patients in the early

stages of AD and found higher mean diffusivity in frontal

and parietal white matter, in addition to higher mean

diffusivity in the splenium of the corpus callosum. With

the exception of changes in parietal white matter, the

opposite pattern was found in this study, with AI users

showing greater integrity in frontal white matter and the

corpus callosum. The corpus callosum is not historically

considered to be a brain area affected early in the process

AD. However, Nagarra’s study (2006) is not the first to

report changes here, as several other groups have found

changes in the corpus callosum in AD patients when assessed

with DWMRI (Takahashi et al., 2002; Bozzali et al., 2002;

Hanyu et al., 1999).

As we have found in previous studies, age has a strong

relationship with ADC and FA. In accord with data from

Head et al. (2004), stronger relationships with age were

found in frontal areas of the brain such as the frontal

lobes and the genu of the corpus callosum, and less

relationship was found in the centrum semiovale and

parietal white matter, suggesting that anterior regions

show more change than posterior regions.
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There is some evidence that AI use may have a

protective effect in older age. In the present study, AI

users showed a significantly smaller negative correlation

age and FA in the splenium compared to controls. From

previous studies we know that ε4 carriers show greater

changes with age when compared to non-carriers, and there

were a larger number of ε4 carriers in the control group

than the AI group, perhaps accounting for the greater

decline in controls. In order to address this problem,

five ε4 carriers were dropped from the control group. This

did not change the pattern of results found, AI users still

showed less relationship between diffusion scores and age

than controls. Similarly, removing 5 ε4 carriers from the

control group did not change the pattern of results found

in the group comparison: AI use still showed significant

beneficial effects on the frontal lobes and the corpus

callosum compared to controls.
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CHAPTER 4

VOXEL BASED MORPHOMETRY

Introduction

Voxel based morphometry in normal aging, Alzheimer’s

disease, and AD risk.

Voxel based morphometry is a whole-brain technique that

uses high resolution MR images for voxel-wise comparison of

the local concentration of gray and white matter between

two groups of participants (Asburner & Friston, 2000;

Mechelli, Price, Friston & Ashburner, 2005). It is a quick

and automatic procedure that is capable of assessing

volumetric changes within the whole brain. This is unlike

traditional manual techniques which typically focus on a

few regions of interest at a time.

Using VBM, several groups have shown that patients

with probable Alzheimer’s disease show atrophy in

predictable regions such as the hippocampus, temporal pole,

and insula (Karas et al. 2003); bilateral medial temporal

lobes (Hirata et al., 2005); basal forebrain (Teipel et

al., 2005) and medial temporal and temporoparietal regions

(Testa et al., 2004). These results are very consistent

with what has been found using traditional morphometrical

analyses. In Testa et al. (2004), employing VBM and manual

techniques to assess hippocampal volume in the same

patients, arrived at very similar results.

VBM has also demonstrated that individuals with MCI

show gray volume decline compared to controls in several
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brain regions including medial temporal lobe, insula,

(Karas et al. 2004), the hippocampus, cingulate, and

temporal neocortex (Chetelat et al., 2002). Again, these

results are similar to those found in MCI using traditional

morphometry techniques. Some groups have also used VBM to

identify differences between MCI patients who convert to AD

and those who do not(Bozzali et al., 2006; Chetelat et al.

2005). Converters show areas of gray matter difference

similar to those that show changes in AD, in particular,

the hippocampus and parahippocampal cortex.

The effect of ApoE status on morphometry in healthy

older adults appears to still be in its infancy, and to

date only two studies have used VBM to look at the effect

of ε4 on brain volume in healthy elderly. In the first,

Lemaitre and colleagues (2005) found that ε4 was

significantly associated with medial temporal lobe atrophy.

Interestingly, Lemaitre et al. only found differences when

homozygote ε4 carriers were compared to controls.

Heterozygote carriers (with only one copy of ε4) did not

show any significant differences compared to controls. In

contrast, Wishart et al. (2006) found lower gray matter

density in the medial temporal lobe, bilateral prefrontal

and temporal cortex, and cerebellum. The difference

between Lemaitre and Wishart is that the former used an

optimized VBM protocol and analyzed modulated data, whereas

Wishart et al. did not. Modulation of VBM data preserves

information about original volumes of brain regions even

after normalization of individual brains to a common

stereotactic space. Un-modulated data is less

representative of actual volume differences between groups
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of participants, and instead is sensitive to density. In

this case, density refers to the actual number of voxels in

a given region of a particular tissue type that may vary

between groups. Wishart et al. (2006) did not find

hippocampal changes, though Lemaitre et al. (2004) did.

Hippocampal volume changes have been reported in studies

using traditional ROI based morphometry, for example Tohgi

et al. (1997) found reduced right hippocampal volume in ε4
carriers, and Lind et al. (2006) also found reduced right

hippocampal volume in ε4 carriers, with the greatest

difference between controls and ε4 carriers becoming

evident before the age of 65. In a longitudinal study of

ε4 carriers, Moffat et al. (Moffat, Szekely, Zonderman,

Kabani & Resnick, 2000) did not find a difference in

hippocampal volume between ε4 carriers and controls,

however, when a second scan was acquired (~2.7 yrs. later),

they found that ε4 resulted in steeper rate of hippocampal

decline.

VBM methods have been applied fairly extensively to

study patient populations but have also been successfully

applied to the study of brain volume in healthy

participants as well, for example, in the study of normal

aging. For example, Good et al. (2001), performed a cross-

sectional investigation of gray and white matter atrophy in

465 adults. The researchers reported declines in gray

matter with age in the parietal lobes, pre and postcentral

gyri, insula, and anterior cingulate cortex, left middle

frontal gyrus, left planum temporale and transverse

temporal gyri. Smith et al (2006) used VBM in a

longitudinal study of age-related brain changes.
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Participants with a mean age of 75 were followed over 6

years. The authors found diffuse global reductions of gray

matter volume in frontal, parietal, and temporal cortex,

cerebellum and basal ganglia. These results are very

similar to what has been found using traditional ROI based

methods. (Lim, Zipursky, Watts & Pfefferbaum, 1992; Raz et

al., 1997; Raz et al., 2005). White matter changes found

by Good et al., (2001) included declines in the corona

radiata, bordering on ventral thalamus, frontal white

matter, and the posterior limbs of the internal capsules.

Smith et al. (2006) found white matter volume decline in

the genu of the corpus callosum and immediately adjacent

white matter. Specific regional changes in white matter

volume with age are reported less often than gray matter

changes, though changes specific to frontal white matter

(Guttman et a;. 1998; Raz et al., 2005; Salat, Kaye, &

Janowsky, 1999) and the corpus callosum have been detailed

as well (Weis, Jellinger, & Wenger, 1991).

Structural VBM and VBM performed on diffusion tensor

images have shown good correspondence in their

demonstration of age-related brain changes. A study by

Lehmbeck and colleagues (Lehmbeck, Brassen, Weber-Fahr, &

Braus, 2006) compared 17 younger (mean age 25.9 + 3.2)

years)and 17 older (mean age 67.1 + 4.6 years) healthy

women, and found that VBM on their diffusion tensor images

and structural images both showed age-related changes in

overlapping parietal, temporal, and frontal regions,

including the cingulate. Although diffusion-weighted

images and structural images differ in the parameters that

they measure, this study suggests that they are both
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sensitive to age-related changes that occur in the same

areas of the brain.

To date, there have been no morphometry studies on

patients with arthritis or on individuals who take AI

medication. Since AI use is known to protect against the

development of AD, this study set out to investigate

whether those protective effects are measurable. Since it

is unknown exactly which regions of the brain may be

protected by AI use, a VBM study was undertaken so that all

regions of the brain could be compared between AI users and

controls. It was expected that AI users as a group, would

show larger gray and white matter volumes compared to

controls, in particular, those regions that are affected

early in the course of AD pathology such as the medial

temporal lobe, cingulated frontal lobes, and parietal

regions. Since AI use may also have a protective effect in

normally aging individuals, it was expected that AI users

might also show additional differences in regions of the

brain that are affected in normal aging but not necessarily

considered as regions affected early in the course of AD,

such as the thalamus, basal ganglia, and corpus callosum.

The protective effects of AI use are more important

with increasing age, since dementia generally develops

later in the life span. For this reason, it was also

expected that AI users would show less age-related volume

decline compared to controls. This effect was predicted in

he same regions listed above, both regions affected in the

early stages of AD, and in the normal course of aging.

Although it was not the primary purpose of this

project, the effect of ApoE genotype was also considered.
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Furthermore, since e4 status may affect morphometry, it was

an important variable to consider when comparing AI users

to controls.

Analyses

High resolution T1-weighted images were analyzed on a

Windows PC using MATLAB 6.5 (MathWorks, Natick, MA) and

Statistical Parametric Mapping (SPM2) Wellcome Dept. Cogn.

Neurol, London; http://www.fil.ion. ucl.ac.uk/spm. Voxel-

based morphometry (VBM) was used to investigate regional

gray and white matter volume differences. An optimized VBM

procedure was employed (Good et al., 2001) based on scripts

written by John Ashburner, and further modified by

Christian Gaser (available at http://dbm.neuro.uni-

jena.de/vbm.html).

Template. An anatomical template was created using the 68

brains that were included in later analyses, i.e. all of

the control participants and AI users were used to generate

the template. This ensured that the brains used to create

the template had the identical demographics and biological

characteristics as the sample under study. Template

creation followed the methods of Good et al. (2001) and

involved spatially normalizing every participant’s

structural MRI to the Montreal Neurological Institute (MNI)

template which is derived from 152 normal subjects and

approximates the Talairach space (reviewed in Brett,

Johnsrude & Owen, 2002). The normalized images were then

smoothed with an 8-mm full-width at half-maximum (FWHM)
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isotropic Gaussian kernel. The smoothed brains were then

averaged together to create the template. In addition to a

custom template, custom prior probability maps were also

created (priors). These maps assist in segmentation by

providing a priori knowledge of the spatial distribution of

gray matter, white matter and CSF. The use of a customized

template and customized prior maps may be superior to using

the MNI template as it has been shown to produce inter-

group comparison maps with greater biological plausibility

than analyses conducted using the MNI template and priors

(Senjem, et al., 2005). This is especially true when

investigating special populations such as patients, or

elderly adults.

Normalization and segmentation. The high resolution

structural MR images were then normalized into the same

stereotactic space by registering them to the custom

template. The normalized images were segmented into gray

matter, white matter, and CSF. Segmentation in SPM uses

information about voxel intensity in addition to employing

prior probability maps (priors). Custom prior probability

maps were used to improve the segmentation of the images.

SPM segmentation also incorporates an image intensity

nonuniformity correction (Ashburner and Friston, 2000) to

deal with image intensity variations caused by different

positions of cranial structures within the MRI head coil.

The optimized VBM script includes a fully automated

procedure to remove scalp tissue, skull, and dural venous

sinus voxels. This improves the segmentation by removing
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non-brain tissue that might otherwise be incorrectly

classified as gray or white matter.

Modulation and smoothing. Optimized VBM also provides the

option of employing a “modulation” step. Spatial

normalization expands and contracts some brain regions,

which can eliminate significant differences between

individuals and groups of individuals. Modulation scales

by the amount of contraction, so that the total amount of

gray matter in the processed images remains the same as it

would be in the original images. This involves multiplying

voxel values in the segmented images by the Jacobian

determinants derived from the spatial normalization step

(Ashburner and Friston, 2000). Finally, the normalized,

segmented, and modulated images were smoothed with a 12 mm

FWHM kernel.

Statistics. A series of voxel-wise comparisons of gray and

white matter in different groups of subjects were

performed. The results were thresholded at p < 0.01 or p <

0.001, uncorrected. Regional differences between groups

were assessed using one-way ANOVA in SPM2. Negative

correlations between age and brain volume in AI users were

assessed using linear correlation in SPM2.
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Results

Group comparison. Contrary to prediction, there were no

significant gray or white matter group differences between

AI users (n = 36) and controls (n = 32) when assessed with

a one-way ANOVA. The resulting statistical parametric map

(SPM) showed no regions of significance at p < .01,

uncorrected.

Correlation with age. There was a significant negative

correlation between age and brain volume in both the AI

group (n = 36; age range 53 to 92 years) and controls (n =

32; age range 52 to 88 years). Linear correlations were

used to assess the relationship between white and gray

matter volume decline with age in the control group and the

AI group separately. AI use appeared to have a protective

effect on the brain with increasing age, with AI users

showing less areas of significant negative correlation

compared to controls. White matter and gray matter SPMs

thresholded at p <.001, uncorrected, are described below.

Correlation between gray matter volume and age. The

statistical maps showing the negative correlation between

gray matter volume and age in controls and AI users

indicated that some regions were shared (such as the

thalamus, insula, and frontal gray matter), but that the

control group had larger areas where this relationship was

significant, particularly in the fontal lobes, posterior

cingulate, and areas of the parieto-occipital cortex, see

Figure 6(A) and 6(B).
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Figure 6(A). Negative correlation between gray matter

volume and age. The sagittal, coronal and axial images on

the left show the areas of the brain where gray matter

volume and age were negatively correlated in the control

group. The statistical map is thresholded at p < .001,

uncorrected, and overlaid on a single T1-weighted brain

image. The images on the right are of the same brain

sections and show the regions of the brain where gray

matter volume and age were negatively correlated in the AI

group. The AI group showed less area of negative

correlation compared to the control group.

CONTROLS AI USERS
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Figure 6(B). Negative correlation between gray matter

volume and age – surface rendered. The images show regions

where gray matter volume was negatively correlated with

age. The control group (left) shows a greater area where

the negative correlation was significant, compared to AI

users (right).

CONTROLS AI USERS
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Test between correlations: gray matter. A Fisher test

between correlations was performed between the two

correlation maps to determine whether they were

significantly different between AI users and controls. In

order to control for multiple comparisons, differences were

only considered significant at p < .01. Significant

differences in correlation were found in several regions,

including the inferior frontal lobe, cingulate, insula,

caudate, thalamus, and posterior hippocampus, see Figure 7.

Correlation between white matter volume and age. The

statistical maps showing the negative correlation between

white matter volume and age in controls and AI users

indicated that some regions were shared, in particular

surrounding the lateral ventricles, however, the extent of

significant correlation was greater in the controls

compared to AI users and included more frontal white matter

than AI users, see Figure 8.

Test between correlations: white matter. A Fisher test

between correlations was performed between the two

correlation maps to determine whether they were

significantly different between AI users and controls. In

order to control for multiple comparisons, differences were

only considered significant at p < .01. As shown in Figure

9, significant differences in correlation between controls

and AI users were found in several regions, including white

matter surrounding the lateral ventricles, inferior frontal

white matter, and parietal white matter, see Figure 9.
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Figure 7. Gray matter: age correlation differences between

AI users and controls. The images show the regions where

controls had a significant correlation between gray matter

volume and age (yellow), where AI users showed a

significant correlation between gray matter volume and age

(red), and where those correlations were significantly

different from one another at p < .01 (green). Blue cross

hairs highlight regions of significant change, rather than

providing anatomical reference points between the axial,

sagittal and coronal sections.
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Figure 8. Negative correlation between white matter volume

and age. The sagittal, coronal and axial images on the

left show the areas of the brain where white matter volume

and age were negatively correlated in the control group.

The statistical map is thresholded at p < .001,

uncorrected, and overlaid on a single T1-weighted brain

image. The images on the right are of the same brain

sections and show the regions of the brain where white

matter volume and age were negatively correlated in the AI

group. The AI group showed less area of negative

correlation compared to the control group.

CONTROLS AI USERS
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Figure 9. White matter: age correlation differences between

AI users and controls. The images show the regions where

controls had a significant negative correlation between

white matter volume and age (yellow), where AI users showed

a significant negative correlation between white matter

volume and age (red), and where those correlations were

significantly different from one another at p < .01

(green). Blue cross hairs highlight regions of significant

change, rather than providing anatomical reference points

between the axial, sagittal and coronal sections.
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ApoE genotype. There were an unequal number of ε4 carriers

in the control group compared to the AI group. Since ApoE

genotype is related to brain change, it could conceivably

account for the difference between the AI users and

controls. Although it meant losing some statistical power,

five ε4 carriers spanning a range of ages were dropped

pseudo randomly from the control group. This did not

change the pattern of results reported above. AI users

still showed less gray and white matter change with age

compared to controls, see Figure 10.
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Figure 10. Correlations between brain volume and age in

controls and AI users: groups equated on ε4. The top left

hand image shows the negative correlation between gray

matter volume and age in the control group, after removing

five ε4 carriers from the group. The top left image shows

the negative correlation between gray matter and age in the

AI group for comparison. The bottom left image shows the

negative correlation between white matter and age in

controls after removing the ε4 carriers. The bottom right

hand image shows the negative correlation between white

matter volume and age in the AI group for comparison. All

statistical parametric maps were thresholded at p < .001.
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Discussion

This study set out to examine whether the protective

effects of AI drug use can be measured volumetrically.

Indeed, they can. AI users showed significantly less

correlation between brain volume and age than controls.

Areas of significant difference in gray matter included

inferior frontal lobe, cingulate, insula, basal ganglia,

thalamus, and posterior hippocampus. Areas of significant

difference in the white matter comparison included tissue

surrounding the lateral ventricles, parietal white matter,

and frontal white matter. With the exception of the basal

ganglia, thalamus, and insula, these regions show changes

in the early stages of AD, and several show perfusion and

metabolic changes in individuals who have increased risk

for AD (Ishiwata, 2006; Reiman et al., 2004; Reiman et al.,

2005).

At this point, it is difficult to say whether the AI

users and controls differed because AI use is protective

against AD, or because AI use has a more general protective

effect on aging. The fact that greater areas of negative

correlation were found in the control group in regions that

show typical decline with age but not necessarily AD, such

as thalamus, basal ganglia, and insula, suggests that AI

use may have a general protective effect on brain volume in

aging. It is possible that inflammation plays a role in

the volume decline found in normal aging, and that

dampening the inflammatory response protects against this

decline. Although it is beyond the capabilities of the

present study, it would be interesting to know if AI users
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such as arthritis patients have larger brain volumes post-

mortem, compared to non-user controls.

When the control group and AI group were compared

directly, there were no significant differences observed,

even with a very liberal p value of .01, uncorrected. The

difference between groups was only apparent when looking at

the correlation between age and brain volume. This

suggests that using simple between group comparisons may

not be sensitive to differences that interact with other

variables, in this case age.

Several studies have shown that ε4 may confer brain

changes, even in cognitively normal individuals. Because

of this, it was of concern that the control group contained

a larger number of ε4 carriers than the AI group. Because

participant ε4 status was available in the current study,

it was possible to equate the groups on ε4 status. This

eliminated at least one of the possible variables

contributing to age related brain change that might

confound the effect of the variable of interest, AI use.

The groups were also well-matched on age, and both groups

consisted of individuals with a large span of ages.

Finally, only females were included in this study, which

further reduced the variability between groups, since it is

possible that men and women have slightly different

patterns of brain change with age, and gender may also

interact with ε4 status.

Although it would have been interesting to observe the

correlation between age and brain volume in subsets of the

larger groups, for example, in AI users who were ε4
carriers compared to AI users who were non-carriers, the
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smaller groups did not have a sufficient age range, and it

would have been difficult to match on ε4 status. This type

of question will need to be addressed in a larger study.
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CHAPTER 5

WHITE MATTER HYPERINTENSITY

Introduction

White matter hyperintensities (WMHs), sometimes

referred to as leukariosis (Hachinski, Potter & Merskey,

1986), are a common finding on T2 weighted MRIs of

individuals 60 years of age and older. Post mortem studies

of affected areas suggest they are due to demyelination,

gliosis, and arteriolosclerosis (Leifer, Buonanno, &

Richardson, 1990; Pantoni & Garcia, 1997). Most

researchers agree that WMHs in older adults are likely the

result of vascular changes that result in damaged white

matter. Risk factors for WMHs include cardiovascular risk

factors (Jeerakathil et al., 2004) and hypertension (de

Leeuw et al., 2002; Liao et al., 1996; Murray et al.,

2005). Elevated total homocysteine (tHcy), which is

associated with atherosclerotic disease and an increased

risk of stroke and dementia, is also associated with a

higher WMH load (Wright et al., 2005).

It is not clear whether genetic risk for AD (ApoE ε4)
is associated with increased WMH volume. Schmidt et al.

(1996) did not find any relationship between ε4 and

increased white matter hyperintensity volume in normal

healthy elderly, however, Carmelli et al. (2000) found that

in participants with cardiovascular disease, ε4 contributed

to greater WMH volume.

Although a number of risk factors for WMH have been

identified, the clinical significance of WMHs remains

unclear. Several studies have shown larger volumes of WMHs
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in dementias such as vascular dementia (Almkvist, Wahlund,

Andersson-Lundman, Basun, & Backman, 1992), and Alzheimer’s

disease (Burton, McKeith, Burn, Firbank & O'brien, 2006;

Chen, Wang, Chu, Huang, & Su, 2006; Hogervorst, Ribeiro,

Molyneux, Budge & Smith, 2002; Mirsen et al., 1991;

Scheltens et al., 1992). Other studies have reported that

there is no significant difference in deep subcortical

white matter hyperintensity volume between AD patients and

controls, with differences limited to periventricular

change (Fazekas et al., 1996; McDonald et al., 1991).

Data concerning the relationship between WMH and

cognition are mixed. The Rotterdam study (Breteler et al.,

1994), found that cognition and WMH severity were related.

Participants were tested using the CAMCOG, a

neuropsychological test from the Cambridge Examination for

Mental Disorders of the Elderly. The CAMCOG is a composite

cognitive test that consists of 60 items, and allows the

calculation of 11 sub scores (orientation, language

comprehension, language expression, recent memory, remote

memory, learning memory, attention, praxis, calculation,

abstract thinking, and perception and others).

Participants with more severe WMH scored lower on the

CAMCOG, the authors reported that the effects were no

specific to nay particular cognitive domain. Nordahl et al.

(2006) found modest associations between WMH volumes and

performance on episodic retrieval and working memory tasks.

Although the relationship between performance and WMH

volumes was not particularly strong, the researchers main

goal was to assess functional activation of prefrontal

cortex (PFC) during these tasks, and to assess the
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relationship between frontal WMH lesion severity and PFC

activation as measured with fMRI. Results showed that

larger global and regional PFC WMH volume were associated

with lower PFC activity. The results suggest that

disruption of white matter tracts, particularly in PFC, may

be a mechanism for age-related changes in memory

functioning. Garde et al., (Garde, Lykke Mortensen,

Rostrup, & Paulson, 2005) found that lower scores on the

Wechsler Adult Intelligence scale were associated with

higher WMH volume in older adults. In contrast, several

other studies that performed extensive neuropsychological

testing have indicated that white matter hyperintensities

are not associated with cognitive function in non-demented

individuals (Almkvist et al. 1992; Hunt et al., 1989; Rao,

Mittenberg, Bernardin, Haughton, & Leo, 1989; Schmidt,

Fazekas, Kapeller, Schmidt, & Hartung, 1999).

Interestingly, WMHs correlate with depression (Minett,

Dean, Firbank, English, & O'Brien, 2005). It is not clear

whether a mechanism that causes depression is also

responsible for the evolution of WMH, or whether a larger

WMH load disrupts networks responsible for the regulation

of mood.

It is clear that WMHs can, in certain cases, be

related to risk factors for disease, depression, or

cognitive change. However, it does not appear that white

matter hyperintensity load predicts earlier onset or

progression of dementia (Bowler, Munoz, Merskey &

Hachinski, 1998), and WMHs are not consistently associated

with a clearly defined set of symptoms or manifestations to

be considered indicative of a disease state (Pantoni &
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Garcia, 1995). As noted above, WMH volume is increased in

dementia in some studies, but not others, and is associated

with cognitive problems in some studies, but not in others.

Due to the variability in results, it does not seem likely

that a clinician could predict the dementia risk or

cognitive status of a patient based on WMH volume alone.

Only one study has examined WMH involvement in AI

users, specifically, patients with rheumatoid arthritis.

Bartolini et al. (2002) performed T2 weighted imaging in RA

patients and concluded that RA is associated with

significant changes in the CNS and cognition. The authors

found that 35% of the patients showed subcortical white

matter hyperintensities. They related these brain changes

to cognitive changes by noting that the subset of

participants with hyperintensities also showed deficits on

tests of attention, executive function, and visual-spatial

function. Bartolini et al. (2002) did not employ a control

group in their study. Rather, they based their conclusions

on published norms. Also, the authors did not discuss the

relationship of age to their findings. WMH are a common

occurrence in normal aging, and may not have been related

to the rheumatic condition of these patients.

In the current study, white matter hyperintensity

volume was compared between AI users and controls. In

addition, WMH volume correlation with age was assessed in

both groups to determine whether AI use may play a role in

WMH volume development over the life span.

Analyses



90

An automated tool called BET, or Brain Extraction Tool,

(Smith, 2002), was used to remove non-brain tissue from the

T2FLAIR images. Only images showing fully volumed white

matter were used in further analyses. White matter

hyperintensities were identified using a series of semi-

automated steps carried out in ImageJ, a JAVA-based image

processing and analysis program (Abramoff, Magelhaes, &

Ram, 2004).

The non-automated portion of the image analysis

involved a thresholding and a clean-up step. Based on

image intensity which ranged from low (CSF, white, and gray

matter) to high (white matter hyperintensities), the lower

threshold was set in order to segment the image into

features of interest (hyperintensities) and background (all

other brain). The lower threshold was manually adjusted

until only hyperintense regions were displayed in a binary

(black and white) image. As is common in T2 Flair weighted

images, the edge of the brain had intensity values that

were very close to or overlapping with the intensity values

of white matter lesions. The lower threshold was adjusted

as high as possible to remove brain edges from the

thresholded image without losing lesions from the mask.

The thresholded mask was then overlaid on the original gray

scale image so that the operator could examine the mask and

assess whether the majority of lesions and ventricular

capping (hyperintense regions surrounding the ventricles)

were included in the final mask. Figure 11 shows an

example of the overlay between an original image and a

thresholded mask. Any remaining non-white matter pixels at

the edge of the mask were removed by selecting and deleting
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them using a freehand draw tool. This final “cleaning”

step was performed for every section.

At this point, the final, clean, binary mask was

processed using software that counts and measures objects

in a binary or thresholded image. The software scanned the

image until the edge of an object was detected. The object

was then outlined and measured and filled so as not to be

measured again. The software resumed scanning until it

reached the end of the image. The sizes of the measured

objects as well as the total volume were provided in mm3.

This final volume represented the total lesion volume for

every participant.

The relationship between white matter intensity volume

and variables of interest was investigated using SPSS

version 14.0 (SPSS, Inc., Chicago IL). In order to correct

for total head size, WMH volume was normalized by using a

published method (Raz et al. (2004) where volume is

residualized on height. While intracranial vault is also

commonly used for this type of normalization, Raz et al.

(2004) have noted that using height as opposed to

intracranial vault does not change the pattern of results.

Results

Group comparison. There was no significant whole brain WMH

volume difference between AI users and controls, when

compared using an independent t-test, see Figure 12.



92

Figure 11. White matter hyperintensity mask. The image on

the left displays a T2FLAIR weighted brain section from one

study participant. The image was thresholded by the

operator so only white matter hyperintensities were visible

on a binary image. The middle section shows the thresholded

image, areas in black represent hyperintense white matter.

The image on the right shows the correspondence between the

original image and the binary mask.

Original Image WMH Mask Overlay
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Figure 12. Comparison of WMH volume between AI users and

controls. There was no significant group difference between

AI users and controls on white matter hyperintensity

volume. Each data point in the graph above is a z score for

one participant, representing white matter hyperintensity

volume, controlled for height. Controls are on the left

and AI users are on the right.
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Rheumatoid Arthritis. Because Bartolini et al. (2002)

reported increased WMH specifically in RA, the present

study compared patients with confirmed RA to non-patient

controls. There was no difference in WMH volume between

the 2 groups. Because a significant age difference was

found between RA patients and controls in the study sample,

only participants who were 72 years of age and younger were

included in the analysis. Seventeen confirmed RA patients

(mean age = 61.29) were compared to 18 controls (mean age =

61.67) using an independent t-test. No significant

difference between RA patients (M = 2227) and controls (M =

2572) was found, t (df = 33) = 44, p = .663.

Change with age. The present study hypothesized that AI

drug use would have a protective effect on the brain as

individuals age. In order to assess the difference in WMH

load with age, AI users were compared to controls using a

Fisher test for significance between correlations. Both AI

users (R = .479) and controls (R = .512) showed greater WMH

volumes with greater age. As is evident in Figure 13,

there was no significant difference between the groups in

the relationship between WMH load and age. A Fisher test

between correlations confirmed the lack of difference Z =

0.155, ns.
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Figure 13. The relationship between WMH volume and age in

AI users and controls. Each data point is a z score for

one participant, representing white matter hyperintensity

volume, controlled for height. Controls (blue) and AI users

(green) both showed higher WMH volume at older ages.
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White matter hyperintensity and diffusion. Although the

diffusion analyses deliberately excluded regions of

hyperintense white matter, there is still the possibility

that participants with greater WMH volumes also have white

matter changes, even in regions that do not appear

hyperintense on T2 weighted images. In order to

investigate this potential relationship, a correlation

analysis was performed between WMH volume and diffusion

scores collected in seven regions of interest (see

diffusion chapter above). The correlations are presented in

Table 8. Diffusion scores and WMH volume correlated

significantly in nearly all the regions studied with the

exception of the centrum semiovale and parietal white

matter. ADC and radial diffusivity were positively

correlated with WMH volume, and FA was negatively

correlated with WMH volume.

Interestingly, the correlation between WMH volume and

diffusion scores was greater in controls compared to AI

users. This was true of all the brain regions, with the

exception of parietal white matter. Figure 14 shows

examples from frontal white matter, the genu, and the

temporal stem. Fisher tests between correlations indicated

that the difference in correlation was significant for

frontal FA, Z = 1.96, (p <.05), splenium FA, Z = 1.96 (p <

.05), and splenium ADC, Z = 1.96, (p < .05).
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Table 8. Correlation between WMH volume and diffusion in

AI users and controls. Significant relationships between

white matter hyperintensity volume and diffusion measures

in controls and users of anti-inflammatory (AI) drugs are

denoted by stars. The second last column indicates the

correlation between WMH volume and diffusion measures in

the control and AI users combined. The last column shows

the significance level for Fisher tests between

correlations. A significant test indicates that the

correlation in the control group and the correlation in the

AI group differed significantly from one another.

*** Significant at p < .001

** Significant at p < .01

* Significant at p < .05

*ms Marginally Significant

ns Non-significant

Significance levels for the Pearson R are one-tailed.

Significance levels for the Fisher test are two-tailed.

Control AI Combined Fisher sig.

Insula FA Mean Pearson -0.290 ns -0.128 ns -0.197 ns 0.508

Insula ADC mean Pearson 0.438 ** 0.278 ns 0.362 ** 0.472

Insula radial mean Pearson 0.445 ** 0.314 ns 0.383 ** 0.517

Centrum FA mean Pearson -0.442 ** 0.014 ns -0.220 ns 0.354

Centrum ADC mean Pearson 0.360 * 0.079 ns 0.211 ns 0.598

Centrum radial mean Pearson 0.389 * 0.042 ns 0.222 ns 0.474

Frontal FA mean Pearson -0.643 *** -0.341 * -0.502 *** 0.054*

Frontal ADC mean Pearson 0.642 *** 0.287 ns 0.459 *** 0.434

Frontal radial mean Pearson 0.680 *** 0.346 * 0.515 *** 0.416
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Genu FA mean Pearson -0.597 *** -0.139 ns -0.421 *** 0.228

Genu ADC mean Pearson 0.558 *** 0.344 * 0.471 *** 0.551

Genu radial mean Pearson 0.650 *** 0.286 ns 0.513 *** 0.288

Parietal FA mean Pearson -0.220 ns 0.063 ns -0.080 ns 0.576

Parietal ADC mean Pearson 0.161 ns 0.081 ns 0.120 ns 0.878

Parietal radial mean Pearson 0.203 ns 0.021 ns 0.110 ns 0.727

Splenium FA mean Pearson -0.247 ns 0.003 ns -0.137 ns 0.032 *

Splenium ADC mean Pearson 0.697 *** 0.300 ns 0.547 *** 0.031 *

Splenium radial mean Pearson 0.598 *** 0.288 ns 0.496 *** 0.125

Tempstem FA mean Pearson -0.529 ** -0.163 ns -0.368 ** 0.098

Tempstem ADC mean Pearson 0.444 ** 0.300 ns 0.385 *** 0.513

Tempstem radial mean Pearson 0.502 ** 0.302 ns 0.429 *** 0.349
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A.

B. C.

Figure 14. Correlation between FA and WMH volume in AI users and controls. Data

points in the scatter plots are z scores for individual participants, representing

white matter hyperintensity volume, controlled for height. Larger WMH volume was

associated with lower FA. This correlation was stronger in controls (blue) compared

to AI users (green). A. shows this relationship in frontal white matter, B. shows

this relationship in the genu, and C. shows this relationship in the temporal stem.
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White Matter Hyperintensity and Genotype. The results of

analyses specific to genotype are presented in Appendix C.

Equating on ε4. There were an unequal number of ε4
carriers in the two groups, with a larger number of

carriers in the control group compared to AI users.

Because risk for AD may be associated with increased WMH

volume, (Carmelli et al., 2000), a group comparison was

performed after the groups were equated for ε4. There was

no difference in WMH volume between AI users and controls,

even after the groups were equated. Five ε4 carriers

spanning a range of ages were removed from the control

group and an independent, two-tailed t-test was used to

compare WMH volume between AI users and controls. AI users

did not show any difference in WMH volume (M = 3051)

compared to controls (M = 3681), t (df = 62) = .837, p =

.406).

Discussion

The purpose of this study was to assess whether AI use

results in more or less hyperintense white matter as

measured on T2FLAIR weighted MR images, compared to

controls; in addition to assessing whether there is a

differential development in WMH volume with age in AI users

compared to controls. There were no group differences

between AI users and controls. Both groups showed a

positive correlation between WMH volume and age, but the

relationship did not differ between the groups.
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The correlations between WMH volume and diffusion

scores differed between controls and AI users, with

controls showing a stronger relationship than AI users.

These differences in correlation were significant in

frontal white matter and the splenium. These data suggest

that AI drugs have some protective effect on the brain.

Whereas the control individuals with high WMH load also

showed lower FA and higher ADC, the AI participants did not

show this relationship. Even in AI participants who had

high WMH volume, the scatter plots indicated that these

participants did not have lower FA scores, in contrast to

the control participants with high WMH volume who did show

low FA. It is possible that the combination of factors

that lead to white matter damage in some individuals

(hypertension, genetic predisposition, and high

cholesterol), are associated with greater changes in

diffusion measures in normal individuals, while AI users do

not show white matter change as measured by diffusion.

There were an unequal number of ε4 carriers in the

control group compared to the AI group. In order to ensure

that the lack of difference between groups was not due to

the greater number of ε4 carriers in the control group, ε4
carriers were removed and the group comparison was

performed again. Equating the groups on ε4 did not change

the result that controls and AI users do not differ on WMH

volume.

This study did not set out to examine the effect of

arthritis specifically; rather, AI use was the variable of

interest. Still, Bartolini’s study (Bartolini et al.,

2002) on RA patients is the only one that comes close to
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being comparable to the current study. Unlike Bartolini,

the data from this project suggest that arthritis patients

do not have greater WMH volume than normal. This result

held even when RA patients were analyzed as a separate

group compared to controls. The difference between

Bartolini’s study and this one may be that this study

employed normal controls and Bartolini did not study

control participants.
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CHAPTER 6

NEUROPSYCHOLOGICAL FUNCTION

Introduction

The purpose of this segment of the study was to assess

whether AI use translates into cognitive benefits. The

following introduction provides an overview of research on

the relationship between cognition and AI use, in

particular, non-steroidal anti-inflammatory drugs (NSAIDS),

and cognition in patients with rheumatoid conditions.

NSAIDs and Cognition

There are a number of epidemiological studies in

healthy adults indicating that NSAIDs may have a positive

effect on cognition. Both non-aspirin NSAIDs and aspirin

have positive effects. Aspirin, while considered an NSAID

(it inhibits both COX-1 and COX-2), also has additional

mechanisms of action (such as an anti-platelet effect), so

some studies consider aspirin separately from other NSAIDs.

Several studies suggest that aspirin may possibly have more

benefits than other NSAIDs. The beneficial effects of

NSAIDs have been tested across a wide range of

neuropsychological tests, and span a number of cognitive

domains. The review below highlights some of these

findings.

Prior to the 1990s and before studies appeared that

indicated AI drug users have a decreased risk for AD, the

literature on the relationship between AI drug use and

cognition was fairly sparse, and limited to discussion of

adverse reactions in patients. Prince, Rabe-Hesketh, &
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Brennan, (1998) published one of the earliest studies

looking at the relationship between antiarthritic drugs and

cognition. The researchers studied 2,651 patients and

measured change in function over 54 months. They found

that NSAID users showed significantly less decline on the

Paired Associate Learning test, where pairs of words are

learned and the participant is required to remember a

second word when cued by the first in the pair. The study

is noteworthy due to the large number of participants and

because it was one of the first to look at the relationship

between NSAIDs and cognition. The researchers did not

discuss the effects of different types of NSAIDs, duration

of use, or the difference between aspirin and non-aspirin

NSAIDs.

In a later study, Jonker et al., (Jonker, Comijs &

Smit, 2003) found that cognition was improved in

individuals taking NSAIDs. The authors considered the

effects of all NSAIDs together, including aspirin, but also

considered aspirin by itself. Jonkers et al. found the

greatest effects when aspirin users were separated from

individuals taking other types of NSAIDS. Aspirin users

had more than three times lower risk for decline in memory

function compared to controls. Non-aspirin NSAID users did

not show a significantly decreased risk for decline in

memory function compared to controls. The greatest

protective effect was found in aspirin users who were 75

years and over. This study was impressive due to its large

size, 1007 participants (62-85 yrs. of age), and its

longitudinal nature (participants were tested at two time

points, 3 years apart). One limitation of this study was
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the small number of tests administered: the MMSE, the

Auditory Verbal Learning Test, and a coding task to test

information processing speed.

Sheperd et al. (2004) also found a beneficial effect

of aspirin use. The researchers compared 69 aspirin users

to 82 controls and found a significant relationship between

aspirin use and better cognitive performance. Specifically,

aspirin was associated with improved performance on the

Logical memory test. The authors did not discuss other

NSAIDs used by this group of participants.

Kang & Grodstein, (2003) analyzed data from 16,128

women in the Nurses’ Health Study, 70 to 81 years of age,

who provided information on aspirin and other NSAID use on

biennial questionnaires for up to 18 years. Six cognitive

tests were administered by registered nurses from 1995

through 2001: the Telephone Interview for Cognitive Status

(TICS), which is modeled on the Mini-Mental State

Examination (MMSE), immediate and delayed recall of the

East Boston Memory Test (EBMT), a test of verbal fluency

(name as many animals as you can in 1 min.), delayed recall

of the list of 10 words from the TICS, and Digit Span

Backwards. The researchers looked specifically at the

effect of aspirin separately from the effect of other

NSAIDs. They found that there was little effect of aspirin

use for less than two years. However, for individuals with

longer term use (more than 2 years) there was a decrease in

the risk of decline on verbal fluency and on delayed recall

of the 10-word list, as well as a trend indicating

decreased decline in the immediate recall of the EBMT with

increasing duration of aspirin use.
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Looking at non-aspirin NSAID use, the researchers

found the longest-term users (8 yrs. or more) had a 19%

lower risk of substantial decline in the TICS and 23% lower

risk for decline in the global score (calculated on the

basis of all 6 tests). In regard to specific tests, less

decline in NSAID users was observed on two tests: the 10-

word list immediate recall and the EBMT delayed recall.

The authors concluded that long-term NSAID use, especially

of non-aspirin agents, was associated with reduced odds of

low cognitive function. The large size and homogeneity of

the participant group are definite benefits of the study.

The study is limited however, in the absence of drug dosage

or details on non-aspirin NSAID types.

In a large epidemiological study, Rozzini and

colleagues (Rozzini, Ferrucci, Losonczy, Havlik, &

Guralnik, 1996) studied a population-based sample of 7671

subjects. Cognitive function was assessed at baseline and

again following 3 years time. Cognition was higher at the

end of the three year period in chronic NSAID users

compared to controls. This study was limited by the small

number of items used to assess cognition, i.e. 9-items from

the Short Portable Mental Status Questionnaire (SPMSQ).

Although a number of studies have found that arthritis

is associated with decreased risk for AD, few studies

actually discuss the relationship between cognition and AI

drug use in arthritis patients. One fairly large study has

examined systemic lupus erythematosus (SLE), a rheumatoid

cognition. McLaurin and colleagues (McLaurin, Holliday,

Williams, & Brey, 2005) studied 123 patients with SLE and

found that aspirin showed a beneficial effect on cognition
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in SLE patients, in particular older patients (over the age

of 48 years). Cognitive function was assessed using the

mild impairment battery from the Automated

Neuropsychological Assessment Metrics, consisting of

computer-administered neuropsychological tests selected

from a larger battery of performance tests developed by the

Department of Defense. Several domains of cognitive

function were assessed including sustained attention,

nonverbal memory, visual perception and mental rotation,

working memory, and visuospatial perception. It was found

that aspirin, but not use of other NSAIDs was associated

with improved cognitive function. Use of the steroid

prednisone was associated with poorer cognitive function.

Bartolini et al. (2002) is the only study to have

examined cognition and brain changes specifically in

individuals with rheumatoid arthritis. Thirty patients

(mean age 55.6 ± 11.1 yrs) were assessed using

neuropsychological testing in addition to MRI and SPECT

scanning. The researchers report that only 2 of the 30

patients performed in the normal range on all

neuropsychological tasks. Thirty-eight percent of RA

patients had difficulty in sustained attention; seventy-one

percent showed deficits in visual-spatial and planning

abilities; forty-seven percent showed a poor performance on

the Wisconsin Card Sorting Test, which assesses cognitive

flexibility; forty-three percent showed a trend toward

impaired performance on verbal fluency; fifty percent were

impaired on visual memory; and one-third of the

participants were deficient in motor planning. Bartolini

et al. (2002) did not use a control group; rather they
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relied on published norms. It is difficult to assess

whether Bartolini’s group of participants were

demographically comparable to participants upon whom the

norms were established. Bartolini et al. do not report the

ages of the impaired individuals, nor do they report the

SES or ethnicity of the patients studied. All of these

factors may affect comparisons to published norms. Without

the use of a control group, it is difficult to assess the

true performance of the patients.

In the current study, the effect of AI drugs on

cognition was assessed by comparing AI users to controls.

AI use, rather than arthritis, was the variable of

interest; nevertheless, the majority of the AI group had

arthritis. In this study, cognitive function was assessed

between groups, but the relationships to brain measures

were also considered. In particular, this study examined

the relationship between cognition and diffusion scores,

and cognition and white matter hyperintensity volume, two

brain measures that are discussed in greater detail above.

A number of the AI users were rheumatoid arthritis

patients. NSAIDs are perhaps the most well-known and

common treatment in arthritis and chronic pain, however,

rheumatoid arthritis often involves complex treatments with

multiple drugs. When ever it was possible, the specific

effects of other AI drugs, such as disease modifying anti-

rheumatic drugs (DMARDS) were also assessed. A description

and review of some of the drugs taken by participants in

this study can be found in Appendix B.

Analyses
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A number of tests were used to assess neuropsychological

function. Please see Appendix C for a full list of tests

performed and their descriptions. Composite measures of

memory and executive functioning were computed for each

participant using scores on a subset of tests that have

been identified as indicative of memory function (MFAC) and

executive function (FFAC) in previous studies (Glisky,

Polster, & Routhieaux, 1995; Glisky, Rubin, & Davidson,

2001). MFAC was based on: Logical Memory I recall total

score, Verbal Paired Associate I, and Face Recognition I

(all from the WMS-III), Visual Paired Associates II (from

WMS-R), and Long-Delay Cued Recall from the California

Verbal Learning Test. FFAC was based on: number of correct

categories completed in the WCST, Mental Arithmetic total

score (from the WAIS-R), total number of correct responses

in the COWAT, Digit Span Backwards total score (from WMS-

III), and Mental Control total score (from WMS-III).

For each participant, all five measures of each

composite measure were transformed to z scores based on

Glisky et al.’s sample of 200 older adults (unpublished

data) and then averaged to produce one z score for MFAC and

one z score for FFAC. Relationships between MFAC, FFAC,

and brain images were statistically considered using the

Statistical Package for the Social Sciences (SPSS version

14.0).

Results
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Group comparison of age-corrected scores. There were no

significant differences between groups on either memory

function, or executive function, when AI users were

compared to controls. Two-tailed independent t-tests were

used to compare controls to AI users on MFAC and FFAC.

MFAC did not differ significantly between AI users (M =

.1825) and controls (M = .0561), t (df = 49) = -.794, p =

.431; nor did FFAC differ significantly between AI users (M

= -.1366) and controls (M = -.1539), t (df = 49) = -.096, p

= .924.

Non-age corrected Factor Scores. When calculated, the

factor scores in the present study were based on individual

test scores that were transformed to Z scores based on a

sample of 200 older adults (over the age of 65). In the

present analysis there were twenty-one participants below

the age of 65, in which case it may not have been valid to

transform their scores (age-correct the scores) based on

Glisky’s older adult sample. Furthermore, the groups were

well matched on age, essentially eliminating the utility of

age correction. New analyses were performed that used the

non-age corrected memory and frontal factor scores. Again,

the group comparison did not show any cognitive differences

between the groups. AI users did not differ significantly

on MFAC, though there did appear to be a trend toward

higher memory function in the AI users (M = .4550) compared

to controls (M = .2644), t (df = 49) = -1.134, p = .263,

see Figure 15. The AI group did not show any difference in

executive function (M = -.0216) compared to controls (M = -

.0400), t (df = 49) = -.100, p = 921.
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Figure 15. Cognitive function in controls and AI users.

Control participants were compared to AI users on memory

function (MFAC) and executive function (FFAC). There were

no differences between the groups on either factor, though

the AI users appeared to have slightly (non-significant)

higher memory function.
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Cognition and age. In order to examine whether AI use has

a protective effect on cognition as participants age, a

correlation was performed using the age uncorrected factor

scores in the AI group and in controls separately. The

control group showed a significant negative correlation

between memory function and age (R = -.51, p = .03), while

the AI group showed a non-significant negative correlation

(R = -.283, p = .12). A Fisher test between correlations

showed no significant differences between these

correlations, Z = -0.949, ns. The graphs in Figure 16

indicate a trend toward greater decline in FFAC and MFAC

with age in the control groups compared to AI users.

Neuropsychological function and Methotrexate. There is

some suggestion in the literature that certain drugs used

in chemotherapy treatment may have a negative impact on

neuropsychological function (see Appendix B). However,

drugs such as methotrexate (MTX) are also assumed to have a

strong anti-inflammatory mechanism of action, and as a

result may have a protective effect on the brain resulting

in beneficial effects on cognition. For example, it is

possible that MTX in large doses has detrimental effects,

while the smaller doses used by RA patients could

potentially have beneficial effects. There was no

significant effect on cognition, though an examination of

the means suggested that MTX may have a deleterious effect

on frontal function. Independent two-tailed t-tests were

used to compare MFAC and FFAC in MTX users, to controls who

did not use any AI drugs other than low-dose aspirin. Of

the 16 MTX users, only one participant was not using any
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A.

B.

Figure 16. Correlation between age and cognitive function

in AI users and controls. A. shows the relationship

between executive function and age in AI users (green) and

controls (blue). B. shows the relationship between memory

function and age in AI users and controls. In both

cognitive domains, a trend can be seen toward greater

decline in the control group compared to the AI group.
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other medications, 15 were using additional medications

such as NSAIDs for the treatment of their arthritis. The

MTX group showed a marginally significant difference in age

(M = 63.76) compared to controls (M = 69.7), t (df = 48) =

1.96, p = .056. Since younger age may be a cognitive

advantage, the analysis was performed using only

participants who were younger than 75 years of age.

Frontal function differed between the 2 groups. MTX users

had lower FFAC scores (M = -.3471) compared to controls (M

= .0964), t (df = 26) = 2.194, p < .05, see Figure 17.

There was no difference in MFAC between MTX users (M =

.4036) and controls (M = .4036), t (df = 26) = 0.000, p =

1, and no significant age difference between MTX users (M =

62.07) and controls (M = 64.79), t (df = 37) = 1.124, p =

.268.

Neuropsychological function and NSAIDs. A number of

studies indicate that NSAID use may have a beneficial

effect on cognition, in order to test this hypothesis, non-

aspirin NSAID users (n = 18) were compared to controls that

did not use any AIs other than low-does aspirin (n = 13).

Because the analysis on MTX use indicated that MTX use may

result in a disadvantage to cognitive function, MTX users

were excluded. As can be seen in Figure 18, NSAID use

showed a positive effect on cognition. Two-tailed

independent t-tests were used to compare MFAC and FFAC

between NSAID users and controls. NSAID users showed

significantly higher FFAC (M = .4854) compared to controls

(M = -.0400), t (df = 29) = -.2632, p < .01. MFAC did not

differ significantly between NSAID users (M = .5777) and
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Figure 17. Cognitive function in controls and methotrexate

users. Control participants were compared to methotrexate

(MTX) users on memory function (MFAC) and executive

function (FFAC). MTX users showed significantly lower

executive function compared to controls. There was no

significant difference between the groups on memory

function.
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controls (M = .2644), t (df = 29) = -1.352, p = .187.

There was no significant age difference between NSAID users

(M = 68.06) and controls (M = 69.27).

Neuropsychological function and Aspirin. There were no

significant differences between aspirin users and controls

on memory function or executive function. This was true

whether the entire sample was studied, including AI users,

or if only non-AI user controls were considered.

Neuropsychological Scores and Diffusion scores. In order

to investigate the relationship between neuropsychological

function and brain change, a correlation between MFAC

uncorrected, FFAC uncorrected, and diffusion in the seven

regions of interest was performed. There was indeed a

correlation between FA, ADC, radial diffusivity, and

cognitive function, especially in the case of memory

function: the MMFAC uncorrected score was significantly

correlated with a number of diffusion measures, Figure 19

shows examples from frontal white matter, the genu, and the

temporal stem. MMFAC was negatively correlated with ADC in

the left insula (R = -.341, p < .05) and right insula (R =

- .345, p < .05) the genu (-.412, p = .003), and splenium

(-.388, p < .01). MFFAC uncorrected was positively

correlated with FA in frontal white matter (R = .289, p =

.05), and the genu of the corpus callosum (R = .284, p =

.05). Finally, MFAC uncorrected was negatively correlated

with radial diffusivity in the left insula (R = -.312, p

=.029) and right insula (R = -.345, p < .05) frontal white

matter (-.315, p < .05) the genu (-.410, p < .01), and
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Figure 18. Cognitive function in controls and NSAID users.

Control participants were compared to NSAID users on memory

function (MFAC) and executive function (FFAC). NSAID users

showed significantly higher executive function compared to

controls. There was no significant difference between the

groups on memory function, though the NSAID group appeared

to have slightly higher memory function.
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splenium (R = -.4, p < .01) of the corpus callosum, and the

white matter of the temporal stem (R = -.336, p < .05).

Group differences in correlation. In order to investigate

whether the relationship between cognitive function and the

diffusion measures differed between AI users and controls,

the groups were split based on AI use and the correlation

analysis was re-performed. Controls showed a stronger

relationship between diffusion change and cognitive decline

compared to AI users in the majority of regions studied.

The results are summarized in Table 9.

A Fisher test between correlations indicated that the

relationship between ADC in the insula and MFAC was greater

in controls (R = -.568) compared to AI users (R = -.198), z

= 2.49, p < .01. There were also several significant

differences in parietal white matter. In regard to MFAC,

controls showed greater correlation between diffusion and

memory function compared to controls. In regard to FFAC,

the AI group actually showed a stronger relationship with

diffusion than controls, but in the complete opposite

direction of what would be expected. Lower factor scores

in this group were associated with higher parietal FA (R =

-.470, p, .01) lower ADC (R = .524, p < .01) and lower

radial diffusivity (R = .535, p < .01). This is

contradictory to the expected direction of correlation

between cognition and FA. Part of the reason for this odd

result is that there was large variability in the parietal

diffusion measures, but less variability in the factor

scores. As a result, the slopes were highly affected by
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A B

C D

Figure 19. Relationship between diffusion measures and

memory function. Significant relationships between memory

function and diffusion measures were apparent in several

regions of the brain. A. and B. show that lower memory

scores are associated with lower FA in frontal white matter

and the genu. C. and D. show that lower memory scores are

associated with increased radial diffusivity in the genu

and the temporal stem respectively. The x axis displays

memory function as a memory factor score (a z score based

on 5 tests of memory).
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Table 9. Correlations between cognitive function and

diffusion measures in AI users and controls. Regions where

diffusion was measured are listed in the first column. The

correlations between diffusion measures in controls (Cnt)

and AI users are in the subsequent columns. Memory function

is denoted as MFAC, executive function is denoted as FFAC.

In order to test whether there were significant differences

between the correlations, a Fisher test between

correlations was used. The first Fisher column tests the

correlations on executive function, or FFAC. The second

Fisher column tests the correlations on memory function, or

MFAC. The final two columns provide the correlations

between the factors and the diffusion measures in the AI

participants and the control participants combined.

Significance is denoted by a star system. Correlations

where the two groups differed significantly are in bold.

** Significant at p < .01

* Significant at P < .05

*ms Marginally Significant

ns Non-significant

Significance levels for the Pearson R and the Fisher test

are two-tailed.

Cnt
FFAC AI FFAC Fisher

Cnt
MFAC AI MFAC Fisher

Comb
FFAC

Comb
MFAC

Insula FA Pearson 0.119 ns 0.158 ns 0.89 0.179 ns -0.067 ns 0.43 0.146 ns 0.050 ns

Insula ADC Pearson -0.200 ns 0.027 ns 0.46 -0.518 * -0.189 ns 0.01** -0.062 ns -0.360 **

Insula radial Pearson -0.235 ns -0.047 ns 0.54 -0.516 * -0.140 ns 0.17 -0.118 ns -0.329 *

Centrum FA Pearson 0.108 ns -0.317 ns 0.16 0.126 ns -0.008 ns 0.67 -0.176 ns 0.082 ns

Centrum ADC Pearson 0.203 ns -0.086 ns 0.35 -0.208 ns -0.179 ns 0.92 0.012 ns -0.186 ns
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Centrum radial Pearson 0.152 ns 0.028 ns 0.69 -0.168 ns -0.148 ns 0.95 0.071 ns -0.169 ns

Frontal FA Pearson 0.345 ns 0.043 ns 0.31 0.256 ns 0.270 ns 0.96 0.146 ns 0.289 *

Frontal ADC Pearson -0.125 ns 0.241 ns 0.23 -0.412 ns -0.114 ns 0.3 0.120 ns -0.252 ns

Frontal radial Pearson -0.235 ns 0.111 ns 0.26 -0.403 ns -0.218 ns 0.51 -0.008 ns -0.315 *

Genu FA Pearson 0.188 ns 0.007 ns 0.56 0.277 ns 0.238 ns 0.89 0.082 ns 0.284 *

Genu ADC Pearson -0.056 ns 0.157 ns 0.49 -0.527 * -0.264 ns 0.31 0.067 ns -0.412 **

Genu radial Pearson -0.136 ns 0.108 ns 0.43 -0.439 ns -0.325 ns 0.67 -0.005 ns -0.410 **

Parietal FA Pearson 0.233 ns -0.470 ** 0.02* 0.423 ns -0.154 ns 0.05* -0.222 ns 0.091 ns

Parietal ADC Pearson -0.142 ns 0.520 ** 0.02* -0.520 * 0.124 ns 0.02* 0.272 ms -0.171 ns

Parietal radial Pearson -0.155 ns 0.539 ** 0.01* -0.518 * 0.141 ns 0.02* 0.291 * -0.146 ns

Splenium FA Pearson 0.083 ns 0.179 ns 0.75 0.479 * -0.040 ns 0.07 0.144 ns 0.208 ns

Splenium ADC Pearson -0.342 ns 0.068 ns 0.17 -0.518 * -0.183 ns 0.21 -0.112 ns -0.388 **

Splenium radial Pearson -0.263 ns -0.122 ns 0.63 -0.531 * -0.155 ns 0.16 -0.179 ns -0.400 **

Tempstem FA Pearson 0.082 ns 0.245 ns 0.59 0.123 ns 0.201 ns 0.8 0.185 ns 0.178 ns

Tempstem ADC Pearson -0.157 ns 0.160 ns 0.31 -0.329 ns -0.251 ns 0.78 0.051 ns -0.294 *

Tempstem radial Pearson -0.076 ns -0.008 ns 0.79 -0.274 ns -0.364 * 0.75 -0.039 ns -0.336 *
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the few participants who had very high or very low factor

scores, see Figure 20.

Neuropsychological Scores and White Matter Hyperintensity

Volume. The literature on WMH volume and cognitive change

is mixed, with some studies indicating a relationship

(Breteler et al., 1994; Garde, Lykke Mortensen, Rostrup, &

Paulson, 2005; Nordahl et al., 2006) and others no

relationship (Almkvist et al. 1992; Hunt et al., 1989; Rao,

Mittenberg, Bernardin, Haughton, & Leo, 1989; Schmidt,

Fazekas, Kapeller, Schmidt, & Hartung, 1999). In the

present study, MFAC and WMH volume showed a significant

negative correlation when the entire group was examined (R

= -.334, p < .05). There was a negative correlation

between WMH volume and FFAC as well (R = .210), though this

was non-significant, p = .143. In order to assess any

possible differences in correlation between AI users and

controls, bivariate correlations between MFAC, FFAC and WMH

volume were generated for each group. Both groups showed

negative correlations with cognition, and the correlations

did not differ between the groups.

In Bartolini et al.’s (2002) study, the authors found

a relationship between higher WMH burden and cognitive

decline in arthritis patients. In the present study the

same was true: lower memory scores were associated with

larger WMH volume. However, the data from the present

study indicate that this result is not specific to

arthritis patients, as this pattern was also found in the

control participants. As is evident in Figure 21, there

was no greater strength of correlation between WMH volume
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Figure 20. Slope differences in parietal ADC between

controls and AI users. Opposite to prediction, AI users

showed decreasing ADC with executive function decline.

This was likely due to the few participants who had very

high or very low factor scores, as opposed to a true

relationship between cognition and diffusion.
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Table 10. Correlation between cognitive function and WMH

volume in AI users and controls. WMH volume was associated

with lower executive function (FFAC) and lower memory

function (MFAC). This relationship was only significant for

MFAC when the participants were considered as a single

group (combined) as opposed to two separate groups,

controls (Cnt) and AI users.

Cnt FFAC AI FFAC
Combined
FFAC Cnt MFAC AI MFAC

Combined
MFAC

WMH
volume Pearson -0.301 ns -0.368 ns -0.210 ns -0.368 ns -0.294 ns -0.334 *
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Figure 21. Relationship between memory function and WMH

volume. Both AI users and controls showed a relationship

between memory function and WMH volume. There was no

difference in slopes between AI users and controls.
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and MFAC in the AI users compared to controls. This was

also true of FFAC.

Discussion

There are a large number of existing studies indicating

positive effects of anti-inflammatory drug use on

cognition. In the present study, AI use appeared to have a

protective effect on cognition. Although the result was

not significant, AI users showed less correlation between

age and cognitive function compared to controls.

A simple group comparison of cognitive function

between AI users and controls showed no significant

advantage of AI use. However, separating the AI group based

on type of drug used revealed some interesting

discrepancies. Methotrexate users actually showed

significantly lower executive function compared to

controls. In contrast, NSAID users showed significantly

superior cognitive performance than controls, particularly

in the domain of memory function. This result is somewhat

surprising, as analyses performed on MTX assessing

diffusion differences between groups (see Appendix D),

indicated that MTX has a positive effect on the brain as

measured by diffusion; particularly in frontal white matter

and the corpus callosum. The discrepancy between the

diffusion data and frontal function may be partly due to

the region of interest studied in the diffusion analysis.

The frontal ROI chosen was quite large, and although

generally the white matter may have appeared healthier in

AI users compared to controls as measured by diffusion
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weighted MRI, declines in specific fiber tracts could still

go undetected. Furthermore, the Glisky F factor is

indicative of executive function, a cognitive module that

likely employs more than just frontal brain regions.

It is important to note that the number of MTX users

in this study was relatively small, and that the goal of

this study was not to elucidate the specific effects of

different AI drugs. Still, the data are suggestive and

indicate that perhaps a larger study on MTX should be

carried out. Data on the effect of MTX on cognitive

function in RA patients is non-existent, and although it is

a non-scientific observation, MTX users who underwent

cognitive testing in this study offered verbal reports

indicating a subjective sense that their cognitive function

had declined as a result of MTX use.

There was no relationship between cognitive function

and aspirin use. The sample studied here was fairly small

(n = 14), though larger studies have found similar results.

Peacock and colleagues (Peacock et al., 1999) studied

13,153 individuals, aged 48-67 years, and reported only a

modest association between aspirin use and better cognitive

function. May et al. (May, Moore, Stewart, & Hale, 1992),

studied aspirin use in 1,310 participants and found no

relationship to cognition.

There were interesting correlations between cognitive

function and brain measures, including an apparent

difference between AI users and controls. Diffusion scores

showed a relationship with memory function, and this

relationship was stronger in controls than AI users. These

data suggest that in non-AI users declines in integrity and
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loss of cognitive function are related. In contrast, AI

users appear to have a disconnect between the diffusion

measures and cognitive function. In the analysis on age-

related brain decline, it appeared that the AI users had

less decline than controls, if age is the driving force

behind brain integrity decline and cognitive decline, it

makes sense that the AI users show an unusual pattern.

This disconnect was not true of the relationship

between WMH volume and cognition. In this case, the

controls and AI users both showed a negative relationship

between WMH volume and cognition, especially in memory

function. Again, larger WMH volumes and cognitive decline

are both strongly related to age, which may be driving both

of these changes. The point to be made here is that AI use

does not appear to have an effect on the relationship

between WMHs and cognition.
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CHAPTER 7

GENERAL DISCUSSION

A great deal of attention has been directed to the study of

anti-inflammatory agents, both for pain management and for

the possible treatment of neurological conditions such as

Alzheimer’s disease. To date, many of the research results

have been discouraging. Several COX-2 inhibitor drugs,

with their promise of anti-inflammatory effects in the

absence of gastrointestinal problems, have been withdrawn

from the market, and NSAID treatment trials of AD have

yielded few results. The fact that NSAID treatment trials

have failed while long-term NSAID use has been reported to

be protective against AD suggests that potentially harmful

inflammation needs to be suppressed in early stages.

The current study was undertaken to examine whether

the beneficial effects of AI use could be measured using

MRI. The data from this project are encouraging, and are

complimentary to the epidemiological literature that

warrant investigations of AI drugs in the prevention of AD.

There were a number of indicators that AI drug use has a

beneficial effect on gray and white matter in the brain.

Simple group comparisons of diffusion scores indicated that

AI users had significantly higher FA in frontal white

matter, significantly lower radial diffusivity in frontal

white matter, higher FA in the genu, lower ADC in the genu,

and lower radial diffusivity in the genu compared to

controls. An assessment of the correlation between

diffusion scores and age indicated that controls had

greater correlations with age compared to AI users. In



130

particular, controls showed a significantly higher

correlation between age and FA decline in frontal white

matter compared to controls.

The results of the morphometric analyses indicated

that AI use may have a protective effect on brain volume as

individuals age. AI users showed less areas of negative

correlation between brain volume and age in several gray

matter regions including: inferior frontal lobe, cingulate,

insula, caudate, thalamus, and posterior hippocampus. AI

users also showed less areas of negative correlation

between brain volume and age in white matter regions

compared to controls, in particular, white matter

surrounding the lateral ventricles, parietal white matter,

and frontal white matter.

Both AI users and controls showed similar volumes of

white matter hyperintensity, and similar relationships

between WMH volume and age. WMH volume was highly

correlated with diffusion measures, and interestingly,

these correlations were greater in controls compared to AI

users in all the brain regions studied, with the exception

of parietal white matter. These data suggest that AI use

may protect against more generalized white matter change,

even in individuals who are prone to acute white matter

change. AI use did not affect the relationship between WMH

volume and cognition. Both AI users and controls showed a

negative correlation between memory scores and WMH volume.

AI use appeared to have a beneficial effect on age-

related memory changes. Although the difference was not

significant, a trend toward greater negative correlations

between memory and executive function and age were seen in
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the control group compared to the AI group. A group

comparison of cognitive function between AI users and

controls revealed a trend toward superior memory function

in AI users. Dividing the AI group on drug type used

yielded some interesting findings. When participants who

used only NSAIDs were separated from the rest of the AI

users, NSAID use was associated with significantly higher

executive function. This result is consistent with a number

of studies showing a positive relationship between

cognition and NSAID use.

In contrast, when users of methotrexate (MTX) were

compared to controls, MTX use was associated with

significantly lower executive function. It is difficult to

say whether this result is due to the use of MTX, or

another factor. It is possible that severe rheumatoid

arthritis is associated with cognitive decline, and that

MTX use was correlated with disease severity. RA is a

systemic condition, and although the effect of RA on the

CNS is not fully known, at least one study asserts that RA

is associated with cognitive decline (Bartolini et al.,

2002). There is no literature on the cognitive effects of

MTX use in RA, though studies of MTX use as a chemotherapy

drug suggest it may have detrimental effects (see Appendix

B for discussion. A study on the specific effects of MTX

while controlling for disease severity seems warranted.

It is interesting that in several analyses using

different measures, the same brain regions showed

protective effects of AI use; in particular, frontal white

matter and the corpus callosum. As was noted in the

discussion on diffusion, these regions are affected in
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early AD. These regions also show change in the normal

course of aging. It is not clear in the present study

whether the beneficial effects of AI drug use on the brain

are indicative of protection against AD, or whether they’re

more generally the manifestation of protection in normal

aging. Perhaps both are true. Although the inflammation

involved in AD pathology is far more severe than that seen

in normal aging, older brains do show some

neuroinflammation. It is unclear what the effects of this

normal inflammation are, but it is possible that even small

amounts of neuroinflammation contribute to age-related

brain and cognitive decline.

In the present study, no strong effects of either AI

drug dosage or duration of use were found. No studies have

defined the optimal dose of AI drug for reduced risk of AD,

though Chiang et al. (2004) have shown that even small

amounts of an AI drug such as aspirin (81 mg) can have an

anti-inflammatory effect in the body, which might explain

why no dose effects were apparent, if taking a little or a

lot doesn’t make a difference. Nor has optimal duration

been defined, though in the Rotterdam study (in’t Veld, B.

A., Launer, L. J., Hoes, A. W., Ott, A., Hofman, A.,

Breteler, M. M., Stricker, B. H. 1998), participants who

had more than 6 months of prescription days of NSAIDs had a

reduced relative risk for AD and significant effects were

seen at 2 years of use. At least one study has suggested

that greater duration of NSAID use (8 years or more) has a

greater benefit on cognition (Kang & Grodstein, 2003). In

the present study, the relationship between duration of use

and brain change was assessed using a correlation analysis
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as opposed to separating participants into different groups

of duration. Dividing participants in this way would have

resulted in too few individuals per group. However, this

may be a way to ascertain windows of optimal AI drug

duration, and could be undertaken in future, larger,

studies.

Surprisingly, there were no significant benefits

associated with aspirin usage, either on brain measures as

assessed with diffusion, or on cognition. This result may

be due to the small number of aspirin users in the current

study (n =14). It may also be due to the brain regions

assessed. Previous research in our laboratory has shown

that aspirin has a beneficial effect on the brain as

measured by diffusion, but the results were greatest in

small regions of interest in the medial temporal lobe, in

particular the hippocampus. The present study assessed

fairly large regions of interest, and did not analyze the

hippocampus due to the limits of EPI acquired diffusion

data.

The best studies of aging are certainly longitudinal

ones. An important limitation of the current project is

its cross-sectional nature. Any inferences made about the

aging process must consider cohort effects. The sample

studied in the current project are part of a longitudinal

project on brain and cognitive changes in aging, so

hopefully this issue can be addressed in years to come. It

will be of particular interest to follow the AI users in

this project, as no longitudinal projects on brain and

cognitive changes with age have been performed using this

population.



134

Another limitation of the current study is the lack of

non-arthritis AI users. Epidemiological data have shown

that arthritis patients have a decreased risk for the

development of AD. Although this has been attributed to

their AI drug use, the possibility that there is something

special about arthritis patients can not be ruled out. The

same is true of this study, since the majority of AI users

were taking AIs to treat arthritis. Some evidence that

speaks against this possibility is the mixture of OA and RA

patients that were used in this study. The effects did not

appear to be driven by the RA individuals, and OA is not

typically considered an inflammatory condition. In order

to dispel the possibility that arthritis patients are

innately protected against AD, future studies will need to

study non-arthritis AI users, or study rheumatoid arthritis

patients who are not using AI treatment.

Although this report has focused primarily on the

potential benefits of anti-inflammatory drug treatment,

there are a number of reasons why the general population

may not want to take these kinds of drugs. AI drugs can

have side effects, and the risks of adverse events

associated with AI use such as ulcers, gastrointestinal

bleeding, and cardiovascular events, increase as

individuals age, even in the absence of these drugs.

Furthermore, it is not clear whether suppression of

inflammation is always a desirable condition. Inflammatory

processes serve an important function in the human body,

and although too much inflammation may have detrimental

effects, too little inflammation may also have

consequences. Future studies will do well to investigate
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whether short term treatment with AI drugs can have

measurable protective effects, while decreasing risks

associated with long-term use. Furthermore, treatment with

low-dose NSAIDs such as aspirin should be evaluated in

controlled treatment trials, as protective measures against

age-related and dementia-related brain changes.
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APPENDIX A

ARTHRITIS

Arthritis can be divided into two main types, rheumatoid

arthritis (RA) and osteoarthritis (OA). OA is the clinical

and pathological outcome of a range of disorders that

results in structural and functional failure of synovial

joints. It is often associated with aging, and may occur

following joint injury. Osteoarthritis can occur in any

synovial joint in the body but is most common in the hands,

knees, and hips. Osteoarthritis is considered a non-

inflammatory arthritis. There is no cure, and current

therapeutic strategies are primarily aimed at reducing pain

and improving joint function (see Hunter & Felson, 2006 for

review).

Rheumatoid arthritis is less common than OA. The

cause of RA is not clear, although genetic contributions

are indicated. In particular, the shared epitope (SE)

alleles of the HLA-DRB1 gene are associated with an

increased risk of developing RA (Gregersen, Silver, &

Winchester 1987) and the PTPN22 gene has also been linked

to RA (Begovich, Carlton, Honigberg, Schrodi,

Chokkalingam, Alexander, Ardlie, Huang, Smith, Spoerke,

Conn, Chang, Chang, Saiki, Catanese, Leong, Garcia,

McAllister, Jeffery, Lee, Batliwalla, Remmers, Criswell,

Seldin, Kastner, Amos, Sninsky, Gregersen, 2004).

There also appears to be an environmental contribution, as

the concordance rate among identical twins is only 30%.

The commonly held theory is that an environmental trigger

such as a microbial infection sets off an uncontrolled
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inflammatory cascade, leading to joint damage and the

systemic effects of rheumatism. However, potential

infection has not been verified. Interestingly, the most

verified environmental trigger is smoking and recent

research has identified a smoking and gene interaction

involved in at least a subset of RA cases (Klareskog,

Padyukov, Ronnelid, Alfredsson, 2006).

The main target of RA is joints, but it is a multi-

system disorder and is associated with a number of health

problems (see Burton & Lloyd, 2006 for review). Some of

the more common effects of RA are vasculitis, an

inflammation and necrosis of the small blood vessels with

subsequent impairment in circulation; rheumatoid nodules,

small lumps of connective tissue occurring in about 20-35%

of patients; dry eyes and mouth, (Sjogren's syndrome)

caused by autoimmune damage to the lacrimal and salivary

glands; and pericarditis, an inflammation of the

pericardium (a thin layer of tissue covering the outer

surfaces of the heart) that is present in up to 50 per cent

of patients at postmortem. Rheumatoid arthritis is also

associated with increased mortality. CNS involvement in RA

is not well known and with the exception of two articles

(see below), the discussion of neurological features in RA

is primarily concerned with the discussion of cervical cord

compression.

Bartolini et al (2002) used MR imaging, and detected

that 11 of the 30 RA patients (35%) showed subcortical

white matter hyperintensities. They noted that all of

these patients had low scores on the attentional, executive

and visual-spatial tests. Furthermore, the authors found
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that 26 of the 30 patients (85%) showed hypoperfusion in

the frontal lobes when measured with SPECT, and

hypoperfusion in the parietal lobes in 40% of the patients

(14 out of 30). The authors discussed possible mechanisms

for the observed cognitive and brain findings, for example

possible vasculitis (inflammation of the blood vessels)

located at the small penetrating arterioles. Vasculitis

might explain both the hypoperfusion, as detected by SPECT,

and the white matter hyperintensities observed with MRI.

Another postulated mechanism was defective proprioceptive

input to the brain from joints altered by chronic

inflammation, which might lead to perfusion changes.

Only one other study has implicated a role for the CNS

in RA. Haigh et al. (Haigh, McCabe, Halligan & Blake 2003)

report data from three RA patients with amputated limbs who

experienced pain and stiffness in non-extant joints. All

three patients described stiffness in their phantom limb

that mirrored that of their physical RA joint symptoms,

including response to treatment with NSAID, corticosteroid,

opiate and disease-modifying anti-rheumatic drugs.

Although this study does not speak to Bartolini’s findings

directly, it does provide striking evidence that RA is

related to changes in the CNS.
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APPENDIX B

Drugs used in the treatment of rheumatoid arthritis.

Since several participants in the current study were

treated with drugs that have an anti-inflammatory action

some of whose effect on cognition and the brain are

currently unknown, the following paragraphs describe drugs

that were considered in analyses of AI users in the current

study.

NON-STEROIDAL ANTI-INFLAMMATORY DRUGS

NSAIDs: mechanism of action?

The class of drugs most studied for their potential role in

protecting against Alzheimer’s disease is non-steroidal

anti-inflammatory drugs, or NSAIDs. The primary mechanism

of action of most NSAIDS is the inhibition of

cyclooxygenase (COX) activity, which in turn reduces the

formation of prostaglandins. Prostaglandins mediate pain

and inflammation. There are two primary forms of COX, COX-

1 and COX-2; some NSAIDs are non-selective and inhibit both

COX-1 and COX-2, while others are selective for COX-2. The

discovery of drugs that worked only on COX-2 generated

excitement among researchers, physicians, and patients

alike. The inhibition of COX-1 can lead to the

gastrointestinal problems that are traditionally associated

with NSAID use, so COX-2s were thought to be a useful

alternative in patients who couldn’t tolerate traditional
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NSAIDs. More recent findings quelled the enthusiasm for

COX2 inhibitors; COX-2-derived prostaglandins affect

vascular function and their inhibition may be associated

with unique health risks such as increased risk of heart

attack, stroke and hypertension (Fries & Grosser 2005).

There have been a number of studies attempting to

elucidate the mechanisms by which NSAIDs may decrease the

risk of Alzheimer’s disease. The primary mechanism of

interest has been an anti-inflammatory mechanism.

Somewhat surprisingly, laboratory tests of one common

NSAID, Ibuprofen, suggested that it’s effectiveness at

suppressing neuroinflammation was somewhat limited. Cole

et al. (Cole, Morihara, Lim, Yang, Begum, & Frautschy,

2004) reported that Ibuprofen’s effect on suppressing

inflammatory markers in APPsw transgenic mice (a mouse

expressing high concentrations of mutant Aß), was limited

to suppression of IL-1β and downstream murine ACT mRNA, but

not iNOS, macrosialin, C1q, CD11b, or CD11c mRNA.

Unfortunately, data on the anti-inflammatory effects of

NSAIDs in the human brain are lacking.

Other studies have focused on the relationship between

NSAIDs and amyloid production. Studies have shown that

NSAIDs limit amyloid accumulation in vitro (Thomas,

Nadackal & Thomas, 2001), and in transgenic mice (Lim,

Yang, Chu, Chen, Beech, Teter, Tran, Ubeda, Ashe,

Frautschy, & Cole 2000).

Although the results of epidemiological studies

suggest that NSAIDs are protective against AD and have a

beneficial effect on cognition, the exact mechanisms of

various NSAIDs are unclear. A major limitation is the lack
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of research detailing whether specific NSAIDs can even

cross the blood brain barrier. Without accurate

information detailing the amount of NSAID that reaches the

brain, and information about its mechanism once present in

the brain, it will be difficult to fully consider the

potential applications of these drugs.

Finally, if NSAID treatments do prove to be effective

in reducing the development of AD, they still carry health

risks. As noted above, COX-2 selective agents appear to be

associated with an increased risk of cardiovascular events

such as heart attack and stroke. Long term use of non-

selective NSAIDs may also be associated with increased risk

for cardiovascular event, and can cause gastrointestinal

problems such as ulcers and bleeding. Future research

studies should be directed at studying whether short-term

treatment with NSAIDs is beneficial, and whether low-dose

options such as aspirin may also be beneficial.

Disease Modifying Anti-rheumatic Drugs (DMARDS):

Methotrexate, Hydroxychloroquine, Sulfasalazine and

Infliximab

Methotrexate is a chemotherapy drug that gained popularity

in the 1980’s for the treatment of RA patients (Boh,

Schuna, Pitterle, Adams, & Sundstrom, 1986; Willkens &

Watson, 1982; Willkens, Watson, & Paxson, 1980). Its

primary action in RA appears to be an anti-inflammatory

effect (Cutolo, 2002), and possibly immunosuppressive

effects. Its effect on the brain and cognition are

currently unclear. It has long been postulated that
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chemotherapy drugs have an adverse effect on cognition (see

Staat & Segatore, 2005 for a description of “chemo brain”),

and more recent research has shown brain changes related

chemotherapy treatment (Silverman et al., 2006). In

children, there are several studies indicating that

chemotherapy with methotrexate results in cognitive

dysfunction (Kingma, Mooyaart, Kamps, Nieuwenhuizen, &

Wilmink, 1993; Mennes et al., 2005; Riva et al., 2002;),

though other studies indicate methotrexate alone does not

have a significant effect (Butler, Hill, Steinherz, Meyers,

& Finlay, 1994). In adults, some studies indicate

cognitive changes following chemotherapy with methotrexate

(Schagen et al., 1999; Wefel, Lenzi, Theriault, Davis, &

Meyers, 2004), and other studies indicate no long term

effects (Fliessbach et al., 2005; Fliessbach et al., 2003;

Schagen et al., 2002). There are a number of difficulties

in extrapolating the results of cancer studies to RA

patients. For one, the modes of methotrexate delivery can

differ, for example, intrathecal or intravenous

administration vs. oral delivery. Secondly, cancer

treatment often involves the combination of many drugs,

making it difficult to isolate the effects of methotrexate.

Finally, the dose used to treat RA is much smaller than the

dose used in chemotherapy. To date, there is no data

indicating that the dose used by arthritis patients has an

adverse effect on cognition or the brain.

At least one study has shown a beneficial effect of

methotrexate on vascular health (coronary, cerebral and

peripheral artery). Van Halm et al. (van Halm, Nurmohamed,

Twisk, Dijkmans & Voskuyl, 2006) studied the use of disease
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modifying drugs methotrexate, sulfasalazine, and

hydroxychloroquine in rheumatoid arthritis patients. They

found that usage of these drugs, in particular

methotrexate, resulted in significantly decreased risk for

cardiovascular disease. The authors concluded that

methotrexate results in powerful suppression of

inflammation, thereby reducing the development of

atherosclerosis and subsequent cardiovascular disease. If

methotrexate has a beneficial effect on vascular health, it

may also follow that is has a beneficial effect on the

brain.

Hydroxychloroquine, sold under the brand name Plaquenil, is

an antimalarial that has been shown to have effectiveness

in the treatment of rheumatoid arthritis. It appears to

have an anti-inflammatory effect, somewhat similar to the

anti-inflammatory effect of methotrexate. Specifically, it

increases the production of IL-1Ra, an interleukin-1 (IL-1)

receptor antagonist, thereby competing with IL-1, a

cytokine involved in inflammation (Cutolo, 2002).

Hydroxychloroquine has been associated with retinal

pathology, and patients taking this drug are advised to

undergo routine ophthalmic exams.

Sulfasalazine is also used in the treatment of

rheumatoid arthritis, and like the other disease modifying

drugs methotrexate and hydroxychloroquine, it is believed

to have an anti-inflammatory mechanism of action. Upon

ingestion, it breaks down into two products, sulfapyridine

and 5-aminosalicylic acid, the latter product a form of

aspirin and likely having a beneficial effect on

inflammation. Interestingly, the dangerous, though rare
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side effects of sulfasalazine involve inflammation,

specifically inflammation of the pancreas (pancreatitis),

inflammation of the liver (hepatitis), inflammation of the

lung (pneumonitis), and rarely, a decrease in the number of

infection fighting white blood cells.

Infliximab, more commonly known by the brand name

Remicade, is a new DMARD that is also thought to decrease

inflammation in RA. As with other DMARDs, its exact

mechanism of action is not clear. Some of the more

dangerous (though rare) risks associated with taking

infliximab include blood disorders, infections such as

sepsis and pneumonia, lymphoma and solid tissue cancers,

and liver problems such as jaundice, hepatitism and liver

failure. Additionally, there have been rare reports of

demyelinating central nervous system disorders such as

multiple sclerosis.

At this time, there have been no studies investigating

whether inflixmab, hydroxychloroquine or sulfasalazine have

an affect on the brain or cognition in patients who

tolerate these drugs well.
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APPENDIX C Tests used in the Neuropsychological Battery

• Mini-Mental State Exam

• California Verbal Learning Test

• Letter Fluency: FAS

• Wisconsin Card Sorting Test

• Wechsler Adult Intelligence Scale –Revised: Mental

Arithmetic

• Wechsler Memory Scale –Revised: Visual Paired

Associates I & II

• Wechsler Memory Scale – III

• Forward Digit Span

• Backward Digit Span

• Logical Memory I & Faces I & II

• Verbal Paired Associates I & II

• Mental Control

• Family Pictures I & II

• Spatial Span

• Letter-Number Sequencing

• Wechsler Abbreviated Scale of Intelligence

• Vocabulary

• Block Design

• Matrix Reasoning

• Similarities

• Behavioral Assessment of the Dysexecutive System

(BADS) Zoo Map

• Rey-Osterrieth Complex Figure Test

• The Tower of Toronto
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• Trail Making Test

• Visual Verbal

MINI-MENTAL STATE EXAM (MMSE) (Folstein, Folstein, &

McHugh, 1975). This standardized test is used to obtain a

score of general cognitive functioning. There are a total

of 30 points possible. Subjects are asked orientation

questions to determine if they are aware of time and place,

are given a memory test of recalling three words, a brief

assessment of language and are asked to copy of

interlocking figures.

CALIFORNIA VERBAL LEARNING TEST (CVLT) (Delis, Kramer,

Kaplan, & Ober, 1987). The CVLT is learning and memory test

in which subject are verbally presented a “shopping list”

of 16 common words drawn from 4 semantic categories. The

test is designed to assess learning across repeated trials,

susceptibility to proactive interference, short- and long-

delayed recall of the material (2- and 20- minute delay

intervals) and recognition accuracy.

VERBAL FLUENCY: FAS LETTER FLUENCY (FAS) (Spreen & Benton,

1977). This is a standardized test of word production.

Subjects list aloud words beginning with F, then A, and

finally, S. The examiner records the words and allows 60

seconds for each list.

WISCONSIN CARD SORTING TEST (WCST) (Berg, 1948; Hart,

Kwentus, Wade, & Taylor, 1988). This standardized test is

devised to study “abstract behavior” and “shift of set”
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(Lezak, 1983). Four stimulus cards are placed on the table

in front of the participant. One card has a single red

triangle on it; one card has two green stars, one card has

three yellow crosses, one card has four blue circles.

Subjects are given a pack of 64 cards that match the

stimulus card by color, form or number. Subjects are asked

to sort the cards “however they think they should go.” The

examiner is only allowed to tell the subject whether they

are right or wrong. The category to be considered correct

is changed over the course of the test.

WECHSLER ADULT INTELLIGENCE SCALE –REVISED: MENTAL

ARITHMETIC (Wechsler, 1981). This is a standardized test in

which subjects are given short mathematical problems to

solve. For example: Soft drinks are sold 6 cans to a

package. If you want 36 cans how many packages must you

buy?

WECHSLER MEMORY SCALE –REVISED: VISUAL PAIRED ASSOCIATES I

& II (Wechsler, 1987). In this standardized test the

examinee is shown six abstract line drawings, each paired

with a different color and is then asked to indicate the

appropriate color associated with each figure. The sets of

color figure pairs are shown at least 3 times. If the

subject has learned the color-figure pairs at trial 3 the

test is discontinued, if not subsequent trials (up to 6)

are administered until the subject has learned the

pairings. At the end of the learning trials the subject is

told that they will be asked again which color goes with

each figure, so they should try to remember them.
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Approximately 30 minutes after the learning trials, they

are shown the figures again and are asked to point to the

color that goes with each figure.

WECHSLER MEMORY SCALE – III (Wechsler, 1997). This

standardized battery assesses memory function using the

following subtests:

1. Forward Digit Span & Backward Digit Span: The examiner

reads a sequence of digits and asks the examinee to

repeat the digits in the same sequence. For Digit

Span Backward, the examiner reads a sequence of digits

and asks the examinee to repeat the same digits but in

reverse order. Sequences of increasing length are

administered in both conditions. Two trials for each

sequence length are administered.

2. Logical Memory I & II: For this subtest, the examinee

listens to two different stories by the examiner and

immediately after hearing each story is asked to

retell it from memory. The examinee is scored on the

accuracy of his or her retelling of the stories and on

his or her ability to recall the story themes. When

both stories have been recalled, the subject is told

to try to remember the stories for a later memory

test. Approximately 30 minutes later the subject is

asked to retell the stories, and is similarly scored

on the accuracy of his or her retelling of the stories

and ability to recall the story themes.

3. Faces I & II: For this subtest, the examinee is shown

a series of photographs of faces, one at a time, and

asked to remember each one. The examinee is then
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shown a second series of photographs of faces, one at

a time, and is asked to identify each face as either

one that he or she was asked to remember or a new one.

The subject is asked to remember the faces for a later

memory test. Approximately 30 minutes later the

subject is presented with a series of photographs of

faces, one at a time and is asked to say “yes” if the

face is one that he or she was asked to remember

earlier or “no” if it was not.

4. Verbal Paired Associates I & II: For this subtest, the

examinee is read a list of eight word pairs. Then the

first word of each pair is read, and the examinee is

asked to supply the second word from memory. This

procedure is repeated for three additional trials.

The same eight word pairs are given on all trials, but

in a different order. Approximately 30 minutes later

the subject is presented with the first word of each

pair and is asked to recall the second word in the

pair.

5. Mental Control: For this subtest, the examinee is

asked to mentally sequence or manipulate information

as quickly as possible. For example, subjects are

asked to count from 1-20 as quickly as possible, and

to say the days of the week backward starting with

Sunday.

6. Family Pictures I & II: For this subtest, the examinee

is asked to look at a picture of a group of people.

Upon a second presentation, the subject must identify

members of the previous group that are interspersed

within a new group. For Family Pictures II, the
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subject must perform the same task with the family

members interspersed with a new group after a delay of

approximately thirty minutes.

7. Spatial Span: For this subtest, the examinee watched

the experimenter tap blocks in a specific sequence and

is asked to tap the blocks in the same order. The

examinee is also asked to tap block sequences in the

reverse order of that demonstrated by the

experimenter.

8. Letter-Number Sequencing: For this subtest, the

examinee listens to an intermixed set of letter and

number orally presented. The task for the subject is

to speak aloud the number and then the letters in

their ascending sequential order.

WECHSLER ABBREVIATED SCALE OF INTELLIGENCE (Wechsler,

1999).

1. Vocabulary: For this subtest the examinee is told a

word and asked to give the meaning of that word.

Subjects are given scores of 0, 1, or 2 for each word

depending on the accuracy and completeness of the

response.

2. Block Design: For this subtest the examinee uses

blocks to replicate two-color designs within the

specified time limit. The subject is presented with

13 designs that progress in difficulty from simple

designs requiring two blocks to more complex designs

requiring nine blocks. Each block has two white

sides, two red sides, and two half-red and half-white

and half red sides.
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3. Matrix Reasoning: This subtest is composed of four

types of nonverbal reasoning tasks: pattern

completion, classification, analogy, and serial

reasoning. The examinee looks at a matrix from which

a section is missing and completes the matrix either

by saying the number of or by pointing to one of five

response choices.

4. Similarities: For this subtest the examinee is read

two words that represent common concepts or objects.

The examinee’s task is to state how the two objects or

concepts are alike. Similar to the vocabulary

subtest, the subject’s response is given 0, 1, or 2

points based on the accuracy and completeness of their

response.

BEHAVIORAL ASSESSMENT OF THE DYSEXECUTIVE SYSTEM (BADS) ZOO

MAP (Wilson, Alderman, Burgess, Emslie, & Evans, 1996).

This test is designed to measure planning abilities.

Subjects are asked to draw a line on a map of a zoo to show

how they would visit a series of designated locations while

following certain rules.

REY-OSTERRIETH COMPLEX FIGURE TEST (Bennett-Levy, 1984).

The Rey Complex Figure Test assesses planning skills as

well as perceptual, motor, and memory functions. Subjects

are instructed to copy a complex geometrical figure as

accurately as possible, and then must recall the figure

after 30 minutes without forewarning.



153

THE TOWER OF TORONTO (Saint-Cyr, Taylor, & Lang, 1988).

This test is a measure of implicit memory, procedural

memory, and planning ability. The Tower of Toronto

apparatus consists of three vertical pegs positioned in a

line parallel to the subject with four wooden disks of

different diameters arranged on the left-most peg, arranged

with the smallest ring on top. The participant is asked to

reassemble the disks in this same configuration on the

right-most peg by only moving one disk at a time and never

placing a larger ring on top of a smaller ring. The

planning time, number of moves, and how long it takes to

complete the task are all recorded.

TRAIL MAKING TEST (Partinton, & Leiter, 1949; Lezak, 1995).

This test measures speed for attention, sequencing, mental

flexibility, and visual search and motor function. In part

A, subjects are asked to draw a line sequentially

connecting 25 circled numbers. In part B, subjects are

asked to connect 25 circled numbers and letters in

alternating order. The time of completion for both parts

is recorded, and the difference between the time scores is

calculated.

VISUAL VERBAL. In this test, the examinee is shown a card

with four items, each containing shapes and objects with

similarities and differences. The task for the subject is

to verbally respond with the similarities between the

items.
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APPENDIX D

ADDITIONAL ANALYSES

The analyses in this appendix were not included in the body

of the dissertation because either a., they were peripheral

to the main goal of the investigation, or b., they were

secondary analyses that examined the data in a different

way, or c., there was not enough power to guarantee that

the results of the analysis were valid. These analyses

were included in the Appendix because they were still

interesting in their own right, such as the analyses on

genotype, or because they demonstrated additional ways of

analyzing the data, as in the case of the age-regressed

diffusion scores.

GENOTYPE

Previous studies in our laboratory and by other researchers

have found that ε4 can confer brain changes that result in

group differences compared to non-carriers, or in

differences in age-related brain changes. The following

analyses show some of the results from the current study

pertaining to ε4 status.

Genotype and diffusion. There are several sources of

evidence indicating that genetic risk for AD can result in

potentially undesirable brain changes. ε4 had a

detrimental effect on white matter in the centrum

semiovale. The effect of the ApoE ε4 allele on local

diffusion changes in the brain was assessed by comparing
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carriers (n = 14) to non-carriers (n = 14) using an

independent t-test, where diffusion measures in the 7

regions of interest were the dependent variables. Only

non-AI users and users of low-dose aspirin were studied in

this analysis. Because a specific hypothesis was tested

(ε4 carriers would show lower FA, increased ADC and

increased radial diffusion compared to controls), a one-

tailed test was employed. ε4 carriers had increased ADC in

the centrum semiovale (M =.00072) compared to controls (M

= .00069), t (df = 26) = -2.109, p < .05, and increased

radial diffusivity in the centrum semiovale (M = .00058)

compared to controls (M = .00056), t (df = 26) = -1.842, p

< .05. None of the other regions approached significance.

As noted above, diffusion change and age showed a

strong relationship. As it is possible that participants

who are ε4 positive may show greater decline with age than

controls, the rate of decline was compared between groups.

Participants who were ε4 positive showed greater decline

with age in several regions studied, in particular,

increased ADC in the centrum semiovale, genu and temporal

stem compared to controls.

A Fisher test between correlations indicated that none of

the differences were significant, at least partly due to

the small number of participants included in the analysis.

For example, the difference in correlation in centrum

semiovale ADC would have been significantly different if

only 4 more participants were added to each group.
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Figure A. ApoE ε4 resulted in higher ADC with increasing

age. ε4 carriers showed a larger increase in ADC in the

centrum semiovale (R = .24) compared to controls (R = .03),

a larger increase in frontal ADC (R = .48) compared to

controls (R = .21), a larger increase in temporal stem ADC

(R = .52) compared to controls (R = .12) and a larger

increase in genu ADC (R = .55) compared to controls (R =

.15).
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Table A. Correlations between diffusion values and age in

controls and ε4 carriers.

*** Significant at p < .001

** Significant at p < .01

* Significant at p < .05

*ms Marginally Significant

ns Non-significant

Significance levels for the Pearson R are one-tailed.

Significance levels for the Fisher test are two-tailed.

Control ε4 Combined Fisher sig.

Insula FA Mean Pearson -0.205 ns -0.506 ** -0.319 ** 0.515

Insula ADC mean Pearson 0.662 *** 0.859 *** 0.731 *** 0.756

Insula radial mean Pearson 0.678 *** 0.888 *** 0.749 *** 0.687

Centrum FA mean Pearson -0.107 ns 0.355 ns 0.097 ns 0.262

Centrum ADC mean Pearson -0.033 ns 0.253 ns 0.161 ns 0.494

Centrum radial mean Pearson -0.119 ns 0.058 ns 0.040 ns 0.542

Frontal FA mean Pearson -0.405 ns -0.577 * -0.497 ** 0.592

Frontal ADC mean Pearson 0.208 ns 0.483 * 0.430 ** 0.459

Frontal radial mean Pearson 0.352 ns 0.583 ** 0.512 *** 0.483

Genu FA mean Pearson -0.462 * -0.620 ** -0.485 ** 0.597

Genu ADC mean Pearson 0.154 ns 0.556 * 0.412 ** 0.269

Genu radial mean Pearson 0.387 ns 0.634 ** 0.484 ** 0.425

Parietal FA mean Pearson -0.011 ns 0.195 ns -0.209 ns 0.625

Parietal ADC mean Pearson 0.048 ns 0.189 ns 0.322 * 0.737

Parietal radial mean Pearson 0.014 ns 0.100 ns 0.299 * 0.840
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Splenium FA mean Pearson -0.532 * -0.038 ns -0.415 ** 0.193

Splenium ADC mean Pearson 0.643 ** 0.510 * 0.512 *** 0.638

Splenium radial mean Pearson 0.674 ** 0.382 ns 0.524 *** 0.330

Tempstem FA mean Pearson -0.391 ns -0.395 ns -0.384 * 0.991

Tempstem ADC mean Pearson 0.121 ns 0.494 * 0.388 ** 0.325

Tempstem radial mean Pearson 0.227 ns 0.487 * 0.417 ** 0.480
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Genotype, diffusion and AI drugs. In order to investigate

the effects of ε4 genotype and AI use, a two-by-two ANOVA

was performed, where diffusion scores in the eight regions

of interest were the dependent variables and AI use and

genotype were the independent variables.

AI use had a significant effect on frontal white

matter, and the corpus callosum. AI users had

significantly lower frontal ADC (M = 0.00072) compared to

controls (M = 0.00075), F (1, 59) = 5.257, Mse = 2.811e-

009, p < .05, lower frontal radial diffusivity (M =

0.00053), compared to controls (M = 0.00058), F (1, 59) =

7.870, Mse = 4.093e-009, p < .01, higher FA in the genu (M

= 0.62916) compared to controls (M = 0.60359), F (1, 59) =

4.526, Mse = 0.00197 p < .05, lower ADC in the genu

(0.00081) compared to controls (M = 0.00085), F (1, 59) =

7.885 Mse = 3.166e-009, p < .01, lower radial diffusivity

in the genu (M = 0.00046) compared to controls (M =

0.00051), F (1, 59) = 9.835 Mse = 2.988e-009, p < .01,

lower splenium ADC (M = 0.00079) compared to controls

(0.00083), F (1, 59) = 4.270 Mse = 3.731e-009, p < .05,

and lower radial diffusivity in the splenium (M = 0.00049)

compared to controls (M = 0.00052), F = 4.785, Mse =

3.209e-00, p < .05. AI use also showed a marginal effect

on temporal stem ADC, with AI users showing lower values (M

= 0.00073) compared to controls (0.00075), F (1, 59) =

3.834, Mse = 1.366e-009 p = .055.

Genotype did not show a significant main effect in any of

the regions studied. There were however, significant

interactions between AI use and genotype on left insular
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Figure B. AI use had a beneficial effect on frontal white

matter. AI users showed significantly higher FA and

significantly lower ADC compared to controls.
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Figure C. AI use had a beneficial effect on white matter

integrity in the corpus callosum. AI users had

significantly greater FA in the genu of the corpus callosum

and significantly lower radial diffusivity in the splenium.
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ADC, F (1, 59) = 6.707 Mse 7.922e-009= p < .05, radial

diffusivity in the left insula, F (1, 59) = 6.883, Mse =

7.633e-009, p < .05, ADC in frontal white matter F (1, 59)

= 3.878, Mse = 2.811e-009, p < .05, and genu ADC, F (1, 59)

= 5.550, Mse = 3.167e-009 p < .05.

The interactions are difficult to interpret and not

expanded upon here because there were significant age

differences between groups when the participants were

divided between 4 cells.

AI USERS CONTROLS

ε4+ Age = 59.89; N = 9 Age = 72.07; N = 14

ε4- Age = 69.11; N = 26 Age = 69.79; N = 13

In addition to age differences between the groups, there

was also an uneven distribution of ε4, with 3 homozygotes

in the AI group, and only one in the control group, and a

truncated age range in the ε4+ AI group. This study did

not aim to collect a specific number of ε4 carriers, ε4
status was incidental. In order to further examine these

interactions, age and ε4 status would need to be equated

across the 4 groups.

Change with age based on ε4 status and AI use.

In the comparison between AI users and controls, it

appeared that AI users had fewer declines with age than

controls. In the comparison between ε4 carriers and

controls, it appeared that carriers had greater decline

compared to controls. An interesting question is whether AI

use has a protective effect on ε4 carriers, in particular

as individuals age. Unfortunately, the age range of ε4



163

carrying AI users was truncated compared to ε carrying

controls, and there was an uneven distribution of

homozygotes to heterozygotes in the ε4 groups, with 3

homozygotes in the AI group and only one homozygote in the

control group. Despite these limitations, a few graphs were

produced showing the different declines with age. In

frontal white matter it appeared that ε4 carriers that did

not use AIs had the greatest decline with age. ε4 carriers

who used AIs showed slightly less decline. This was

followed by ε4 negative controls, and then ε4 negative AI

users who showed the least decline with age (Figure D).

In the genu of the corpus callosum, ε4 positive controls

again showed the greatest decline with age. This was

followed by ε4 negative controls, and then ε4 negative AI

users. Interestingly, the ε4 positive AI users showed the

least decline with age, but this was most certainly due to

the truncated age range in this group. Future analyses

would benefit from a greater number of ε4 positive AI users

in order to assess how this group changes with age (Figure

E).
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Figure D
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Figure E.
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VOXEL BASED MORPHOMETRY AND GENOTYPE

ApoE genotype group comparison.

Carriers of ApoE ε4 were compared to non-carrier controls

using a one-way ANOVA. There were no significant group

differences between carriers and controls in either gray or

white matter volume at p < .001, uncorrected.

WHITE MATTER HYPERINTENSITY AND GENOTYPE

Genotype and WMH. It is not clear whether ε4 contributes

to greater WMH volume. In the present study, there was no

significant difference between the groups, although an

examination of the means suggested that heterozygotes had a

greater WMH volume compared to controls, and homozygotes

had the largest WMH volume (Figure F). A univariate ANOVA

was used to test the difference between groups

(heterozygote, homozygote, control) with WMH volume as the

dependent variable. The control group consisted of 40

participants, 20 participants were heterozygote, and 4 were

homozygote. There were no significant age differences

between the groups, though the control group was the oldest

with a mean age of 69.34, followed by heterozygotes with a

mean age of 67.85, and homozygotes with a mean age of

65.75. There was no significant difference between the 3

groups, F (2, 61) = .209, Mse = 8899675, p = .812. An

independent t-test was used to test whether there was any

difference between controls vs. Homozygotes and

heterozygotes combined. There was no significant

difference, t (df = 62) = -.630, p = .531.
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Figure F.
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Although there were only a small number of homozygotes in

this sample (n = 4), this group appeared to have a greater

increase in WMH burden with increasing age (R = .79),

compared to controls (R = .44) and heterozygotes (R = .47)

(Figure G).

DIFFUSION AND DIFFERENT DRUG TYPES

In order to assess whether certain AI drugs have a more

beneficial effect than other drugs, the effects of

different types of drugs (NSAIDS, aspirin, methotrexate,

and steroids) were assessed using between group

comparisons.

NSAID USE

Although the entire AI group was comprised of 36

individuals, only 29 participants reported prior or current

NSAID use. NSAID use had a protective effect on the brain,

with users showed lower radial diffusivity in the genu of

the corpus callosum compared to controls. In this

analysis, NSAID was defined as non-aspirin NSAID use, and

controls were any participants who did not report NSAID use

or use of any other AI drugs (such as high aspirin use or

the use of a DMARD such as methotrexate, sulfalazine, or

Remicade). There was no significant age difference between

NSAID users and controls. A one-way ANOVA comparing

diffusion measures in NSAID users (n = 29) to controls (n =

32) indicated that AI users had significantly lower radial

diffusivity in the genu of the corpus callosum (M = .00047)
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Figure G.
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compared to controls (.00051), F (1, 59) = 3.95, Mse =

3.796e-009, p = .05, (Figure H).

Although the effect was not significant (p =.087), NSAID

users also appeared to have preserved integrity of frontal

white matter compared to controls, indicated by greater

frontal FA (M = .42893) compared to controls (M = .40349),

F (1, 59) = 3.024, Mse = 0.0033.

As it is possible that the effects of NSAIDs might

only be seen after several years of NSAID use, bivariate

correlation was used to see whether longer years of use was

related to increased benefit to the brain as measured with

DWMRI. There was a benefit of longer years of NSAID use in

the centrum semiovale, with longer years of use associated

with a decline in ADC in this region (Figure I).

NON-SPECIFIC NSAIDS VS. COX-2S

Little is known about the general effects of COX-2 drugs on

the brain. Recent research indicates that they may have a

detrimental effect on vasculature and increase the risk of

stroke and heart attack; on the other hand, COX-2 drugs

suppress inflammation suggesting they may have some

beneficial effects on the brain as well. In order to test

the effect of COX-2 drugs on the brain, participants taking

a COX-2 inhibitor were compared to participants taking a

non-specific NSAID, and to control participants who were

not taking any AI drugs other than low-dose aspirin. All

six of the participants taking a COX-2 inhibitor in this

analysis were also taking a non-specific NSAID, so it was
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Figure H. NSAID use appeared to have a protective effect

on the brain. The NSAID group had significantly lower

radial diffusivity in the genu of the corpus callosum

compared to controls.
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Figure I. Individuals taking NSAIDs for a longer duration

of time showed lower ADC in the centrum semiovale. The

lowest centrum ADC was found in a 61 year old participant

who had been taking 1500 mg of Ibuprofen for 26 years.
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not possible to completely isolate the effect of COX-2.

None of the non-specific NSAID users were taking any other

AI drugs. A one-way ANOVA was used to test the difference

between the 3 groups (non-specific NSAID, COX-2, control)

and diffusion in the 7 regions of interest were the

dependent variables. There was a negative effect of COX-2

on white matter in the centrum semiovale. COX-2 users had

significantly increased ADC (M = .00074) in this region

compared to non-specific NSAID users (M = .00068) and

controls (M = .000705), F (2, 46) = 4.981, Mse = 1.416e-

009, p < .01. This is an interesting result, especially

since the COX-2 group was the youngest (mean age = 66.33,

compared to non-specific whose mean age was 68.73, and

controls, whose mean age was 69.27) of the three groups and

diffusion measures are strongly related to age (Figure J).

Methotrexate (MTX) Use

In order to investigate whether methotrexate had a

protective effect on the brain, users were compared to

controls. Methotrexate had a beneficial effect on white

matter in the frontal lobes in addition to a beneficial

effect on white matter in the corpus callosum. When all of

the MTX users were considered, there was a significant

difference in age between MTX users and controls, with MTX

users being younger. Since younger age is associated with

higher FA and lower ADC and radial diffusivity, this

analysis only considered participants who were 73 years of

age and younger, thereby equating the groups on age.

Fourteen MTX users (mean age = 62.07) were compared to 19
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Figure J.
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controls (mean age = 62.26) using a one-way ANOVA. The

control group consisted of individuals who were not using

MTX or any other AI drugs. MTX users had significantly

lower frontal ADC (M = .00069) compared to controls (M =

.00074), F (1, 31) = 6.572, MSe =1.98e-009, p < .05,

significantly lower frontal radial diffusivity (M = .00052)

compared to controls (M = .00056), F (1, 31) = 4.35, MSe =

3.415e-009, p < 0.05, significantly lower ADC in the genu

(M = .00078) compared to controls (M = .00084), F (1, 31) =

4.35, MSe = 3.415e-009, p < 0.05, and significantly lower

radial diffusivity in the genu (M = .00044) compared to

controls (.00049), F (1, 31) = 4.47, MSe = 3.36e-009, p <

.05. Figure K.

Some of the MTX users in this analysis were also using

other AI drugs in addition to MTX. Since it would be

interesting to assess whether MTX alone was beneficial

compared to non-use, an additional comparison was performed

comparing MTX users to controls. Indeed, MTX alone

appeared to be beneficial, with a significant benefit in

frontal white matter and the genu. However, only 3 MTX

users fulfilled the criterion for this analysis, making it

difficult to assess the validity of the effect.

Steroid Use

Four participants were taking a steroid for 2 years or more

(prednisone). A one-way ANOVA was used to compare

diffusion scores in the eight regions of interest between

users and controls. Steroid users showed significantly

increased ADC in the centrum semiovale (M = .00075)
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Figure K. Methotrexate (MTX) use resulted in lower ADC.

MTX users had lower ADC in both frontal white matter (A)

and in the genu of the corpus callosum (B).

A B
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compared to controls (M = .00070), F (1, 65) = 4.26, MSe =

1.54e-009, p < .05. There was no significant difference in

age between steroid users and controls.

Discussion. In the current study, there did not seem to be

a difference between NSAID users and users of the drug

methotrexate, suggesting that different types of AI drugs

can have a beneficial effect. On the other hand, steroids

such as prednisone or COX-2 inhibitor NSAIDs may have

deleterious effects on the brain. Interestingly, the

detrimental effects of steroids and COX-2s were both found

in the centrum semiovale. In participants who have white

matter damage in the brain, i.e. leukoariosis, this region

is often involved. Cox-2 inhibitors are known to have a

detrimental effect on vasculature; it is possible that

individuals who are prone to leukoariosis are affected more

adversely by the use of COX-2 medications. At this point

however, the results are very preliminary.

The effects of different types of drugs need to be

considered cautiously in this study. There was a large

overlap in types of drugs used, and the use of one single

drug type by patients is rare. This study did not set out

to address the effects of different types of drugs, but as

far as was possible, sought out to determine trends. The

data here suggest that the issue of different drug types

should be considered further in a larger study.
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AGE REGRESSED DIFFUSION SCORES

Due to the large impact of age on diffusion, a new set of

variables was created to represent diffusion in the seven

regions of interest while controlling for age. This was

achieved by performing simple regressions, with age as the

independent variable, and each diffusion measure as the

dependent variable in turn, and saving the standardized

residual as a new variable. Because of the strong

relationship between diffusion and age, it was clear

whether this was a valid analysis to perform. Still, for

reference sake, the analyses are found below.

Group Comparison. A one-way ANOVA was used to re-compare

the arthritis/AI group and controls on the 7 diffusion

measures. The results were similar to those found with the

non-age-corrected diffusion scores, with the AI group

showing significantly lower radial diffusivity in the genu

of the corpus callosum (M = -2522152)* compared to controls

(M = .2758604), F (1, 65) = 5.02, p < .05. The arthritis/pain

group also showed increased fractional anisotropy in the

genu of the corpus callosum (M = .2093881) compared to

controls -.2290182), however, with the age-corrected scores

the result was only marginally significant F (1, 65) =

3.38, p < .05. Finally, the arthritis/AI group also showed

increased fractional anisotropy in frontal white matter (M

* *FA values are not typically negative; however, this analysis entailed regressing out the effect of age, and
saving a standardized residual as a new variable. Some of the residuals, therefore, are expressed as
negative values. For simplicity’s sake, graphs displaying FA or ADC comparisons using residualized
scores are displayed on the positive axis. This was achieved by simply adding “1” to the FA or ADC score
(original ADC +1 or original FA +1).
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= .2189399) compared to controls (M = -.2394655), though

again the result was marginally significant, F (1, 65) =

3.71, p = 0.058.

NSAID use. A comparison between NSAID users (n = 17) and

controls (n = 49) indicated no significant group

differences in any of the diffusion measures in any of the

regions studied even when the age-regressed variables were

used.

Aspirin use. Analysis of variance performed with either the

original diffusion variables or the age regressed variables

indicated that there was no significant group differences

between aspirin users and controls.

Steroid use. Using the age-regressed scores, the difference

in centrum semiovale ADC became marginally significant (p =

.097), however, there was a significant difference in

radial diffusion in the centrum semiovale, with steroid

users showing significantly greater radial diffusivity (M =

.9032616) compared to controls (M = -.1501587), F (1, 33) =

5.298, p < .05.

Methotrexate Use. A one-way ANOVA was performed using the

new age-corrected variables as dependent variables. This

resulted in the same pattern of results, though lower ADC

in methotrexate users was only marginally significant in

frontal white matter (p = .056) and in the genu (.061).
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Genotype and diffusion.

Twenty-three participants were ε4 positive. Of these,

nineteen were heterozygous for the ε4 allele and 4 were

homozygous. Thirty nine participants were ε4 negative.

A group comparison between the two groups indicated no

significant difference in diffusion between the groups.

There was no significant difference in age between ε4
carriers and non-carriers; however, due to the strong

relationship between age and diffusion, an analysis using

the age-regressed scores was performed. Diffusion was

compared between the two groups with a one-way ANOVA. There

was a marginally significant difference in FA in the genu

of the corpus callosum. Carriers had lower FA (M = -

.2762241) compared to controls (M = .1874090), F (1, 61) =

3.76, p = .057.

MULTIVARIATE ANALYSIS

In order to assess the relationship between diffusion

scores and the multiple variables that may influence these

measures, a multivariate analysis was performed. A

multivariate ANOVA was used where the dependent variables

were diffusion measures in the seven regions of interest

and the independent predictors were: arthritis/AI, APOE

status, family history, and aspirin use. Age was entered

as a covariate. Since age is strongly related to diffusion,

it is not clear whether using age as a covariate is an

entirely valid analysis. Still, for the sake of reference,

the results are found below.
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Effect of age. With the exception of the centrum semiovale

and the parietal ROIs, age had a significant effect on

every diffusion measure in every region studied.

Effect of arthritis/AI. AI use had a significant effect on

FA in the centrum semiovale and frontal white matter. AI

use had a significant effect on ADC in frontal white

matter, genu, splenium, and temporal stem. AI use had a

significant effect on radial diffusion in frontal white

matter, the genu, and temporal stem.

Genetic risk for AD. APOE ε4 had a significant effect on FA

in the centrum semiovale.

Family history. Presence of a first order relative with AD

resulted in a significant effect on radial diffusivity in

the centrum semiovale.

Aspirin. There were no significant effects of aspirin found

in this model.

Interactions. There was a significant interaction between

AI use and APOE genotype in the white matter of the

temporal stem. AI use had a beneficial effect on temporal

stem white matter in ε4 positive individuals, with this

group showing lower diffusion compared to ε4 positive non-

AI users.

There was also a significant interaction between AI use and

having a first order relative with AD, on diffusion
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measures in frontal white matter. AI users with family

history had significantly increased frontal FA compared to

controls with family history. Similarly, AI users with no

history had higher FA than controls with no history.

Furthermore, AI users showed lower diffusion in frontal

white matter compared to controls.

Finally, there was a significant interaction between family

history for AD and aspirin use in centrum semiovale FA.

Participants with family history who were taking aspirin

had higher FA than participants not taking aspirin. As was

seen in other analyses concerning aspirin, this result

appeared to be driven by one individual who was taking

aspirin for 57 years who had very high FA in this region.

There was also a significant interaction between aspirin

use and family history in frontal white matter. Somewhat

contrary to prediction, aspirin users showed lower FA and

increased ADC compared to controls, both in the family

history group and control group.

No other interactions reached statistical significance.

C-REACTIVE PROTEIN AND ERYTHROCYTE SEDIMENTATION RATE

Since it is possible that differences exist between

individuals who respond well to AI drugs, and non-

responders, this study considered measures of peripheral

inflammation. High erythrocyte sedimentation rate (ESR)

and raised C reactive protein or CRP (both markers of

inflammation) are signs of poorly controlled disease. ESR
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measures the distance (in millimeters) that red blood cells

settle in unclotted blood toward the bottom of a specially

marked test tube (National Institute of Health Medical

Encyclopedia). Inflammation can cause red blood cells to

stick together, resulting in an increased sedimentation

rate. The presence of C reactive protein is also an

indicator of inflammation. Since it is possible that

systemic inflammation and response to AIs may be related to

the protective effect of AIs in the brain, obtaining these

two measures may be especially informative. Unfortunately,

these data were only available on a small subset of

participants.

There was a strong positive relationship between ESR

and CRP, with participants generally being either low on

both, or high on both. There was a correlation between

white matter decline and CRP in the splenium and in

parietal white matter. Higher CRP was associated with

lower FA in these 2 regions. Figure L., 1-3.
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Figure L.

1. Correlation between splenium FA and CRP

2. Correlation between parietal FA and CRP
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3. Correlation between ESR and CRP
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COGNITION AND WHITE MATTER HYPERINTENSITY

An additional analysis on the relationship between

cognition and WHM volume.

High vs. low WMH volume. In order to assess whether there

were cognitive differences between individuals who had high

WMH volume and those with low volume, participants were

separated into a high WMH (above 1500 mm2 of WMH volume)

group and a low WMH group (below 1500 mm2 WMH volume). Many

of the younger participants fell into the latter group. In

order to control for age effects, only participants who

were 65 years of age and older were included in the

analysis. A one-way ANOVA was used where group (high, low)

was the independent variable and MFAC and FFAC were the

dependent variables. There were no significant differences

between the groups. The means suggested a slight cognitive

advantage in the group with low WMH volume, particularly in

memory function. This effect was likely driven by 2

individuals in the high group that had fairly low memory

function compared to the rest of the participants. Figure

M.
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Figure M.
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