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Abstract

Background
Nonsteroidal anti-inflammatory drug (NSAID) use may protect against Alzheimer’s

disease (AD) risk. We sought examine the association between NSAID use and risk of
AD, and potential effect modification by APOE-€4 carrier status and ethnicity.
Methods

The MIRAGE Study is a multi-center family study of genetic and environmental risk
factors for AD. Subjects comprised 691 AD patients (probands) and 973 family
members enrolled at 15 research centers between 1996 and 2002. The primary
independent and dependent variables were prior NSAID use and AD case status,
respectively. We stratified the dataset in order to evaluate whether the association
between NSAID use and AD was similar in APOE-g4 carriers and non-carriers.
Ethnicity was similarly examined as an effect modifier.

Results

NSAID use was less frequent in cases compared to controls in the overall sample
(adjusted OR = 0.64; 95% CI = 0.38-1.05). The benefit of NSAID use appeared more
pronounced among APOE-¢4 carriers (adjusted OR = 0.49; 95% CI = 0.24-0.98)
compared to non-carriers, although this association was not statistically significant.
The pattern of association was similar in Caucasian and African Americans.
Conclusion

NSAID use is inversely associated with AD and may be modified by APOE genotype.
Prospective studies and clinical trials of sufficient power to detect effect modification

by APOE-¢4 carrier status are needed.



Background

Several cross-sectional [1,2], case-control [3-6], and prospective studies [7-9] have
reported an inverse association between nonsteroidal anti-inflammatory drug
(NSAID) use and the risk of Alzheimer’s disease (AD), whereas others [10-12] have
not. In this report, we present results of analyses of data from the Multi-Institutional
Research in Alzheimer’s Genetic Epidemiology (MIRAGE) Study in which we
examined potential effect modification by APOE-g4 carrier status and ethnicity on

this association.

Methods

Subjects and Data Collection
The MIRAGE Study is a multi-center family study of genetic and environmental risk

factors for AD sponsored by the National Institute on Aging since 1991. The details
of MIRAGE Study data collection procedures, protocols for obtaining family
histories, and reports of validity studies of the MIRAGE questionnaires have been
published elsewhere. [13-15] Briefly, families were recruited through probands
meeting NINCDS-ADRDA criteria [16] for probable or definite AD who were
ascertained through research registries and memory clinics. After obtaining informed
consent from non-demented family members, and a combination of consent or assent
— along with informed consent by proxy — on living demented subjects, questions
eliciting demographic data and information about presumptive risk factors for AD

were obtained using standardized MIRAGE questionnaires.

Questions pertaining to NSAID use were added to the questionnaire in 1996, and the
data presented in this report were collected from May, 1996 through May, 2002.

Questions about the proband were answered by a surrogate source within the family,



typically the spouse or adult offspring. The same information was sought on non-
demented first-degree family members of these probands over 50 years of age, usually

a sibling or spouse (less commonly parents or children).

1020 family members in this analysis claimed to be cognitively normal, or were
reported by family informants to be dementia-free. Of these, 982 were evaluated using
the modified Telephone Interview of Cognitive Status (mTICS) [17,18], and normal
cognitive status was confirmed in 973 (99.1%). Information on both patients and
first-degree family members was supplemented where available by multiple

informants, and medical and nursing home records.

To elicit information on prior NSAID use, the following question was asked: “Have
you ever taken a nonsteroidal anti-inflammatory medication (e.g. Advil, Motrin, etc.)
on a daily basis for more than 6 months?” No distinction was made between aspirin
and other classes of NSAIDs. For proxy reporting about a relative with AD, the
question substituted “your relative” for “you”. For any affirmative answer, a follow-
up question asked for the dates at which the medications were first used and the

names of all NSAIDs that had been used.

A discrete “index date” was established within each family corresponding to the
earliest date that the family or medical records reported AD symptoms to have begun
in the proband. Subjects from each family (whether AD cases or non-demented
family members) were considered to have been exposed to NSAIDs only if the

starting date for NSAID use preceded this index date by at least one year. Age



represented the age of cases and of non-demented relatives at the index date, and was

treated as a continuous variable.

As shown in Figure 1, there were 756 probands and 1020 relatives over the age of 50
with APOE genotype who were queried about prior NSAID use. After exclusions for
those subjects who had missing or unsure responses for the name of their medication,
did not include a medication start date, or had missing data for the variables age, sex,
education or ethnicity, there remained for analysis 682 probands and 982 relatives.
Of the 982 relatives, nine were reported to be demented with the onset of their
dementia prior to the index date for that family, and their diagnoses were verified by
review of medical records as having probable or definite AD by research criteria, so
these were classified with the probands as having AD.

Statistical Analysis

Analyses were performed using SAS version 8.2. The primary independent and
dependent variables were prior NSAID use and AD case status, respectively. Crude
odds ratios were computed in the first instance, followed by adjusted estimates using
generalized estimating equation (GEE) models [19] to account for the possibility that
variables of interest (e.g., medication use, APOE status) could be correlated among
individuals within families. Adjustments were made for the following covariates:
age, sex, ethnicity (categorized as White, African-American, or other), education (less
than versus equal to or greater than high school level), and APOE- €4 carrier status

(one or two &4 alleles vs. none).

We stratified the dataset in order to evaluate whether the association between NSAID

use and AD was similar in APOE-¢4 carriers and non-carriers. In addition, we



formally evaluated these associations by adding an interaction term (¢4 * NSAID use)

to the GEE model. Ethnicity was similarly examined as an effect modifier.

Results

Characteristics of the 1664 subjects are listed in Table 1. AD patients were more
likely to be older and to be APOE-g4 carriers compared to controls. The distributions

of sex and education were not different between cases and controls.

Sixty-six out of 973 non-demented relatives (6.8%) and 24 of 691 cases (3.5%)
reported previous NSAID use (odds ratio = 0.49; 95% CI = 0.31-0.80). After
adjustment for age, sex, educational level, and ethnicity, the odds ratio (OR) of
NSAID use among AD cases compared to non-users was 0.57 (95% CI = 0.35-0.93);
it was 0.64 (95% CI = 0.38-1.05) when APOE carrier status was added to the GEE

model (see Table 2).

The magnitude of inverse association was greater among APOE &4 carriers (OR =
0.49; 95% CI = 0.24- 0.98) than non-carriers (OR = 0.78; 95% CI = 0.39-1.52).
However, formal evaluation of the interaction between NSAID use and APOE-g4
carrier status did not reveal a significant difference (p = 0.40). The association
between NSAID use and AD risk was similar among Caucasian and African

Americans (data not shown).

Discussion
This study supports the findings of previous reports [1-6] suggesting that use of

NSAIDs for at least six months is associated with a reduced risk of AD. This



association appears to be more robust among APOE-¢e4 carriers than non-carriers,
although the difference in associations between these two groups was not statistically

significant.

The MIRAGE Study includes the largest number of well-characterized AD cases and
family controls to date, and this large sample size permits adjustment for important
potential confounders, as well as the power to examine effect modification by APOE
genotype and ethnicity. The subjects without dementia were first-degree family
members of AD cases, providing some degree of informal matching on age,

socioeconomic status, and health-seeking behavior.

However, these results must be interpreted in light of some methodological

limitations. Data on NSAID use was collected with a single retrospective question
that did not distinguish between aspirin use and non-aspirin NSAID use. Moreover,
while non-demented participants reported on themselves, a proxy historian reported

on most of the demented individuals.

Differential reporting is a potential source of bias in a study that uses self-report on
most of the non-demented subjects, yet relies on surrogate respondents for all of the
subjects with AD. Asymmetric data collection is difficult to avoid when cases are
cognitively impaired, but may be more accurate than expected in AD patients where
the surrogate historian has a long association with the subject. We addressed this
potential bias by performing an independent validation study to determine the
accuracy of surrogate information on a number of questions, including the same

questions used in this report about NSAID use. [15] This study found substantial



reliability on the NSAID item (kappa=0.70). While a validation study comparing
proxy historians for non-demented persons does not perfectly mirror the situation in
which proxy historians report on demented individuals, our study revealed excellent

concordance for surrogate responses from most categories of relatives.

This result is consistent with those of prior studies which found a similar association
despite differences in study design (cross-sectional [1,2] vs. case-control [3-6,10,11]
vs. prospective [7-9,12]), sampling frame (family members [10] vs. registry-based
[11] vs. general population [1-9,12]), ascertainment of exposure, type of medication
considered (aspirin [2-4,6,8-10,12] vs. non-aspirin NSAIDs [1-11] vs. ‘any” NSAID
[4.8]), duration of exposure (current [1-3] vs. any history of use, duration ranging
from a week to at least six months [3,5-12]), and degree of matching or adjustment

(usually adjusted for age, sex, and education, less frequently APOE genotype [7-9,12]

).

While many studies have examined the association between NSAID use and risk of
AD, few have examined the impact of APOE genotype on this association. The
Cache County Study [9,20], the Canadian Study for Health and Aging (CSHA) [8],
and the Rotterdam Study [7] adjusted for APOE and tested for effect modification and
found none. But they had fewer AD cases, and, in the CSHA had a smaller proportion
of genotyped subjects. The Rotterdam Study [7] reported separate odds ratios for
APOQOE-¢4 carriers and non-carriers, but this sample did not have any subjects who
were both APOE-g4 carriers and who reported long-term use of NSAIDs. They found
no difference in risk between those with at least one €4 allele compared to €4 non-

carriers among subjects who used NSAIDs between one month and two years.



Our data suggest an enhanced protective benefit of NSAID use among those with &4.
A smaller protective effect was also evident among those lacking €4. In our sample
there were relatively few AD cases who were not €4 carriers, thus the appearance of
different patterns of association between NSAID use and AD risk among APOE
genotype subgroups may be spurious. This difference could also have arisen as a
result of bias and confounding. The genotype-specific association could be explained
by differential inclusion of subjects into the study on the basis of APOE-g4 carrier
status and NSAID use. This might occur if there were differential mortality, according
to APOE genotype, among those with AD who had a history of NSAID use; or if for
any reason among NSAID users APOE-g4 carriers were less likely than non-carriers
to be diagnosed with AD (or conversely, if among non-users of NSAIDs AD was
more likely diagnosed in APOE-¢4 carriers compared to non-carriers). Differential
recall could also give rise to this observation. However, these explanations are
unlikely because subjects were not selected on the basis of APOE genotype. It is also
possible that APOE-¢g4 carrier status is a proxy for differentially distributed
unmeasured confounders related to NSAID use such as inflammatory disease

processes.

Alternatively, our results imply that NSAID use affects AD risk differently between
APOE-¢4 carriers and non-carriers. For example, because €4 carriers are inherently
more vulnerable to AD, there is a greater opportunity for attributable risk reduction.
This explanation does not imply biological interaction between NSAIDs and €4. On

the other hand, the €4 isoform may have greater pro-inflammatory properties [21] and



¢4 individuals may be more responsive to the benefits of NSAID use than those

lacking &4.

Examination of this finding in prospective studies and clinical trials of sufficient
power (such as the ADAPT Study [22], a prospective trial of anti-inflammatory use in
the prevention of AD) to detect effect modification by APOE-¢4 carrier status is
needed. Such confirmation would provide critical insights into the mechanisms by

which APOE isoforms modulate AD risk and into novel therapeutic strategies.

Conclusions
NSAID use is inversely associated with AD and may be modified by APOE genotype.

Prospective studies and clinical trials of sufficient power to detect effect modification

by APOE-¢4 carrier status are needed.



Competing interests

None declared.

Authors' contributions
Study concept and design (LA Farrer, RC Green, LA Cupples); acquisition of data

(LA Farrer, RC Green, MIRAGE investigators); analysis and interpretation of data
(AG Yip, M Huyck); drafting of the manuscript (AG Yip, RC Green, LA Farrer);
critical revision of the manuscript for important intellectual content (AG Yip, LA
Farrer, RC Green, LA Cupples); statistical expertise (LA Cupples); obtained funding
(LA Farrer, RC Green, LA Cupples, MIRAGE investigators). All authors read and

approved the final manuscript.

Acknowledgements

Other participating investigators from the MIRAGE Study Group include Alexander
Kurz, MD, Department of Psychiatry, Technische Universitat Munchen; Sanford
Auerbach, MD, Department of Neurology, Boston University School of Medicine;
Marsha Wilcox, EdD ScD, Department of Medicine, Boston University School of
Medicine; Rodney Go, PhD, Department of Epidemiology, University of Alabama
School of Public Health; Dessa Sadovnick, PhD, Department of Medical Genetics and
Medicine (Neurology), University of British Columbia; Ranjan Duara, MD, The Wein
Center, Mt. Sinai Medical Center and the University of Miami School of Medicine;
Charles DeCarli, MD, Department of Neurology, UC Davis; Walter A Kukull, MD
PhD, Department of Epidemiology, School of Public Health, University of Washington;
Helena Chui, MD, Rancho Los Amigos Rehabilitation Center, Department of
Neurology, University of Southern California; Timi Edeki, MD PhD, Departments of
Medicine and Clinical Pharmacology, Morehouse School of Medicine; Abimbola
Akomolafe, MD, Department of Medicine, Morehouse School of Medicine; Patrick A
Griffith, MD, Department of Medicine, Section of Neurology, Morehouse School of
Medicine; Robert P Friedland, MD, Department of Neurology, Case Western Reserve
University; David Bachman, MD, Department of Psychiatry, Medical University of
South Carolina.



References

1.

10.

11.

12.

13.

14.

Andersen K, Launer LJ, Ott A, Hoes AW, Breteler MM, Hofman A: Do
nonsteroidal anti-inflammatory drugs decrease the risk for Alzheimer’s
disease? The Rotterdam Study. Neurology 1995, 45:1441-1445.

Anthony JC, Breitner JC, Zandi PP, Meyer MR, Jurasova I, Norton MC, Stone
SV: Reduced prevalence of AD in users of NSAIDs and H2 receptor
antagonists: the Cache County study. Neurology 2000, 54:2066-2071.

Broe GA, Grayson DA, Creasey HM, Waite LM, Casey BJ, Bennett HP,
Brooks WS, Halliday GM: Anti-inflammatory drugs protect against
Alzheimer’s disease at low doses. Arch Neurol 2000, 57:1586-1591.

The Canadian Study of Health and Aging: risk factors for Alzheimer’s
disease in Canada. Neurology 1994, 44:2073-2080.

in't Veld BA, Launer LJ, Hoes AW, Ott A, Hofman A, Breteler MM, Stricker
BH: NSAIDs and incident Alzheimer’s disease. The Rotterdam Study.
Neurobiol Aging 1998, 19:607-611.

Stewart WF, Kawas C, Corrada M, Metter EJ: Risk of Alzheimer’s disease
and duration of NSAID use. Neurology 1997, 48:626-632.

in’t Veld BA, Ruitenberg A, Hofman A, Launer LJ, van Duijn CM, Stijnen T,
Breteler MM, Stricker BH: Nonsteroidal anti-inflammatory drugs and risk
of Alzheimer’s disease. N Engl J Med 2001, 345:1515-1521.

Lindsay J, Laurin D, Verreault R, Hebert R, Helliwell B, Hill GB, McDowell
I: Risk factors for Alzheimer’s disease: a prospective analysis from the
Canadian Study of Health and Aging. Am J Epidemiol 2002, 156:445-453.
Zandi PP, Anthony JC, Hayden KM, Mehta K, Mayer L, Breitner JC, Cache
County Study Investigators: Reduced incidence of AD with NSAID but not
H2 receptor antagonists: the Cache County Study. Neurology 2002,
59:880-886.

Breitner JC, Gau BA, Welsh KA, Plassman BL, McDonald WM, Helms MJ,
Anthony JC: Inverse association of anti-inflammatory treatments and
Alzheimer’s disease: initial results of a co-twin control study. Neurology
1994, 44:227-232.

Beard CM, Waring SC, O'Brien PC, Kurland LT, Kokmen E: Nonsteroidal
anti-inflammatory drug use and Alzheimer’s disease: a case-control study
in Rochester, Minnesota, 1980 through 1984. Mayo Clin Proc 1998,
73:951-955.

Henderson AS, Jorm AF, Christensen H, Jacomb PA, Korten AE: Aspirin,
anti-inflammatory drugs and risk of dementia. /nt J Geriatr Psychiatry
1997, 12:926-930.

Lautenschlager NT, Cupples LA, Rao VS, Auerbach SA, Becker R, Burke J,
Chui H, Duara R, Foley EJ, Glatt SL, Green RC, Jones R, Karlinsky H, Kukull
WA, Kurz A, Larson EB, Martelli K, Sadovnick AD, Volicer L, Waring SC,
Growdon JH, Farrer LA: Risk of dementia among relatives of Alzheimer’s
disease patients in the MIRAGE study: What is in store for the oldest
old? Neurology 1996, 46:641-650.

Farrer LA, Cupples LA, Blackburn S, Kiely DK, Auerbach S, Growdon JH,
Connor-Lacke L, Karlinsky H, Thibert A, Burke JR: Interrater agreement
for diagnosis of Alzheimer disease: the MIRAGE Study. Neurology 1994,
44:652-656.



15.

16.

17.

18.

19.

20.

21.

22.

Demissie S, Green RC, Mucci L, Tziavas S, Martelli K, Bang K, Coons L,
Bourque S, Buchillon D, Johnson K, Smith T, Sharrow N, Lautenschlager N,
Friedland R, Cupples LA, Farrer LA: Reliability of information collected by
proxy in family studies of Alzheimer disease. Neuroepidemiology 2001,
20:105-111.

McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM:
Clinical diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA
work group. Neurology 1984, 34:939-944.

Brandt J, Spencer M, Folstein M: The telephone interview for cognitive
status. Neuropsychiatr Neuropsychol Behav Neurol 1988, 1:111-117.

Welsh KA, Breitner JCS, Magruder-Habib KM: Detection of dementia in
the elderly using telephone screening of cognitive status. Neuropsychiatr
Neuropsychol Behav Neurol 1993, 6:103-110.

Zeger SL, Liang KY: Longitudinal data analysis for discrete and
continuous outcomes. Biomefrics 1986, 42:121-130.

Breitner JC, Wyse BW, Anthony JC, Welsh-Bohmer KA, Steffens DC,
Norton MC, Tschanz JT, Plassman BL, Meyer MR, Skoog I, Khachaturian A:
APOE-&4 count predicts age when prevalence of AD increases, then
declines: The Cache County Study. Neurology 1999, 53:321-331.

Ophir G, Meilin S, Efrati M, Chapman J, Karussis D, Roses A, Michaelson
DM: Human apoE3 but not apoE4 rescues impaired astrocyte activation
in apoE null mice. Neurobiol Dis 2003, 2:56-64.

Martin BK, Meinert CL, Breitner JC, ADAPT Research Group: Double
placebo design in a prevention trial for Alzheimer’s disease. Con Clin
Trials 2002, 23:93-99.



Yip et al.: NSAID use and AD risk

Table 1. CHARACTERISTICS OF AD PATIENTS AND NON-DEMENTED FAMILY MEMBERS

CHARACTERISTIC AD (N=691) NON-DEMENTED (N =973) AGE-ADJUSTED AGE-ADJUSTED P-VALUE *
PERCENT PERCENT
AD NON-DEMENTED

Mean Age (SD) 70.0 (8.2) 65.0 (8.8) <0.0001
Sex (% male) 242 (35.0) 381 (39.2) 36.5 39.9 0.39
Greater than HS Ed (%) 403 (58.3) 643 (66.1) 59.3 65.1 0.10
African American (%) 215 31.1) 204 (21.0) 28.4 21.3 0.01
Use of NSAIDs (%)t 24 (3.5) 66 (6.8) 3.5 6.7 0.08
APOE-¢4 carrier (%) 448 (64.8) 370 (38.0) 65.3 38.0 <0.0001

*Reported p-values use General Estimating Equations to account for correlation among observations.
TExposure to non-steroidal anti-inflammatory drugs had to precede index date by one year or more.
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Table 2. RISK OF AD WITH AND WITHOUT PRIOR USE OF NSAIDs, STRATIFIED BY APOE-¢ 4 CARRIER STATUS

EXPOSURE AD NON-DEMENTED FAMILY CRUDE AGE-ADJUSTED ADJUSTED
(N=691) MEMBERS (N=973) ODDS RATIO ODDS RATIO ODDS RATIO
(95% CI) (95% CI) (95% CI)
Overall
No NSAIDs 667 907 1.0 1.0 1.0
Use of NSAIDs 24 66 0.49 (0.31, 0.80) 0.55(0.34, 0.88) 0.64 (0.38, 1.05)*

Having no &4 alleles
No NSAIDs 231 556 1.0 1.0 1.0

Use of NSAIDs 12 47 0.61(0.32, 1.18) 0.75 (0.38, 1.46) 0.78 (0.39, 1.52)*

Having at least one €4 allele
No NSAIDs 436 351 1.0 1.0 1.0

Use of NSAIDs 12 19 0.51 (0.24, 1.06) 0.47 (0.24, 0.96) 0.49 (0.24, 0.98) **

* Adjusted for age, sex, ethnicity, education, and APOE-¢4 status.
** Adjusted for age, sex, ethnicity, and education.
*** NSAID*APOE- €4 interaction p-value=0.40.
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Figure 1. MIRAGE subjects > 50 years (adjusted for family index date) with APOE
genotype who completed the personal history questionnaire.

Probands Relatives

756 1020

46 (6.1%) 14 (1.4%)

NSAIDs use item ‘unsure’

710 or missing 1006

3 (0.4%) 4(0.4%)

Answered ‘yes’ to NSAID use
707 but did not list a specific 1002
medication

12 (1.7%) 17 (1.7%)

Did not specify start and stop
695 date for specific medication 985

13 (1.9%) 3 (0.3%)

Missing data for sex, race,

682 or education 982

9 relatives met criteria for AD

A 4 A 4
691 cases 973 controls
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