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Abstract
Studies have shown less cognitive decline and lower risk of Alzheimer's disease in elderly individuals
consuming either antioxidant vitamins or non-steroidal anti-inflammatory drugs (NSAIDs). The
potential of added benefit from their combined use has not been studied. We therefore analyzed data
from 3,376 elderly participants of the Cache County Study who were given the Modified Mini-Mental
State (3MS) examination up to three times over eight years. Those who used a combination of
Vitamins E and C supplements and NSAIDs at baseline declined by an average 0.96 fewer points
every 3 years than non-users (p<0.05). This apparent effect was attributable entirely to participants
with the APOE ε4 allele, whose users declined by 2.25 fewer points than non-users every 3 years
(p<0.05). These results suggest that among elderly individuals with an APOE ε4 allele, there is an
association between using antioxidant supplements in combination with NSAIDs and less cognitive
decline over time.

Introduction
Previous analyses of data from the Cache County Study have shown reduced risk of
Alzheimer's disease (AD) in elderly taking antioxidant vitamin supplements[1] or non-steroidal
anti-inflammatory drugs (NSAIDs)[2], and less cognitive decline in individuals consuming
higher amounts of antioxidants from food sources[3] or NSAIDs[4]. Because antioxidants and
anti-inflammatory drugs may target different aspects of AD pathogenesis, we sought to
examine the effects of their combined use on cognitive decline as measured by the Modified
Mini-Mental State Exam (3MS)[5] at three time points over an eight-year period.
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Methods
The Cache County Study is a prospective study of the elderly residents of Cache County, Utah
[6,7]. Briefly, in 1995-96 all residents 65 years or older were invited to participate in an
examination of cognitive function (Wave I). Surviving participants were then asked to
participate in follow-up examinations in 1998-99 (Wave II) and again in 2003-04 (Wave III).
At each examination, participants were administered the 3MS and evaluated for dementia with
a multistage assessment. Buccal DNA samples were obtained at the baseline, and APOE
genotypes were determined by restriction enzyme analysis[6]. The institutional review boards
of Utah State University, Duke University, and Johns Hopkins University approved all
protocols. Informed consent was obtained from all participants at each of the assessments;
spouses or next of kin gave consent when participants were unable to provide it.

At the baseline examination, participants were asked to identify all supplements, prescription
drugs, and over-the-counter medications they used in the previous two weeks. This information
was corroborated by a visual examination of the medication containers. Participants were then
asked to provide detailed information about when the medications or supplements were started
and the frequency and duration of use. Participants were considered users of vitamin E
supplements, vitamin C supplements, or non-aspirin NSAIDs if they reported taking one of
these agents four times or more a week for a month or longer. Participants were also considered
users of vitamin E or vitamin C supplements if they reported similar use of a multivitamin
preparation that contained at least 400 International Units of vitamin E or 500 milligrams of
vitamin C.

A total of 5,092 elderly individuals from Cache County (90% of those eligible) participated in
the baseline examination. We set aside 356 prevalent cases of dementia at baseline, 1,324 other
participants who had only one 3MS evaluation, and another 36 who lacked complete data on
medication use. Thus, 3,376 were included in the current analyses. Those not included were
older (mean years of age: 78.4 [SD=7.6] vs 74.1 [SD=6.5]; p<0.001), less educated (mean
years of education: 12.7 [SD=2.9] vs 13.4 [SD=2.9]; p<0.001) and more likely to be male
(proportion: 46.9% vs 41.4%; p<0.001).

We compared changes on 3MS scores over time among five mutually exclusive groups of
participants: 1) non-users of vitamin E, vitamin C, and NSAIDs (non-users), 2) users of
NSAIDs but not vitamin E or C (NSAIDs alone), 3) users of vitamin E and C but not NSAIDs
(Vit E and C alone), 4) users of vitamin E or C (but not both) with or without NSAIDs (Vit E
or C +/- NSAIDs), and 5) users of vitamin E and C and NSAIDs (combined users; Vit E and
C + NSAIDs). First, we calculated change scores between Wave I and Wave III and tested for
differences in the means for each group compared to the reference group of non-users using t-
tests. Then, we used random effects models to examine the complete data on change over time
while controlling for important potential confounders. Such models accommodate fixed and
random effects that capture individual differences in 3MS performance over time and account
for the correlation in repeated measures[4]. In these analyses, the mutually exclusive user
groups were captured as dummy-coded variables (with non-users as the reference), and time
was operationalized as a nominal variable (0, 3, and 8 years for the mean observation points
at the three waves) in linear and quadratic forms to account for curvilinear trajectories.
Interaction terms between time and the user groups were constructed and models with and
without these terms were compared using likelihood ratio tests. Because the interaction terms
between the user groups and quadratic time were not significant in the models tested, only the
interactions with linear time were retained. Parameterized in this way, the main effect terms
for the user groups provide estimates of mean differences in 3MS scores at baseline between
each and the reference group of non-users, while the interaction terms provide estimates of the
differences in mean rate of change on the 3MS over time.
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To assess whether these relationships differed by APOE genotype, we stratified the sample by
the presence or absence of one or more ε4 alleles and estimated the models in the sub-strata.
All models controlled for other factors found to be significantly associated with baseline 3MS
including age, sex, education, APOE status, and history of diabetes and stroke.

Results
Table 1 presents the demographic characteristics of the participants by use of vitamin E, C and/
or NSAIDs. Users of vitamin E, vitamin C, or NSAIDs were more likely to be female than
non-users of these compounds (all p<0.05), while users of vitamin E and C alone were more
likely to be carriers of an APOE ε4 allele (p<0.05). However, among the ε4-carriers, there were
no differences in the specific ε4 genotypes (i.e., ε2/ε4, ε3/ε4, and ε4/ε4) across the user groups
(data not shown). Table 2 presents the unadjusted mean 3MS scores at the Wave I baseline and
change scores between Waves I and III for the five specific user groups. Over the 8 years of
follow-up, combined users (Vit E and C + NSAIDs) showed less decline on the 3MS than non-
users, but this favorable difference was significant only among ε4-carriers (t= -2.73, p< 0.01).
Among the ε4-carriers, combined users actually maintained their level of performance (0.65
points, 95% CI -0.58 to 1.89) while non-users declined by -3.77 points (95% CI -4.53 to -3.01).
Other groups declined at rates similar to non-users regardless of APOE ε4 status.

We next used random effects models to estimate changes in 3MS scores over time while
controlling for potential confounders such as age, sex, years of education, and history of
diabetes or stroke. Users of vitamin E and C alone performed an average 1.09 points (95% CI
0.28 to 1.91) better on the 3MS at baseline, while users of NSAIDs alone performed an average
0.49 points (95% CI 0.08 to 0.90) better, compared to non-users of these compounds. None of
the other user groups showed better performance at baseline. Over time, however, only the
combined users appeared to perform better than the non-users. The combined users declined
less than non-users by 0.32 (95% CI 0.04 to 0.59) points per year, or 0.96 point every three
years.

When we stratified the analysis by APOE status, the favorable performance over time among
combined users was only evident in ε4-carriers (Figure 1.). Among APOE ε4-non-carriers,
users of vitamin E and C alone performed better than non-users at baseline by 1.61 points (95%
CI 0.59 to 2.64), but none of the user groups performed better than the non-users over time.
However, among APOE ε4-carriers, combined users declined less than non-users by 0.75 (95%
CI 0.31 to 1.19) points per year, or 2.25 points less every three years. All of the other user
groups appeared to decline at approximately the same rate as non-users. When we formally
tested this in a separate model, we observed evidence for a multiplicative interaction between
NSAIDs and vitamin E and C (p<0.05) in association with less decline of 3MS over time among
APOE ε4 carriers.

Discussion
In summary, we found an association between using a combination of antioxidant vitamins E
and C supplements plus NSAIDs and less cognitive decline among elderly APOE ε4-carriers.
In previous analyses from the Cache County Study, we reported that high dietary sources of
vitamins E and C[3], or NSAIDs initiated earlier in mid-life among APOE ε4-carriers[4], were
separately associated with less cognitive decline on the 3MS, a global measure of cognitive
function that is influenced by a variety of forces, including neurodegenerative disease. In the
current study, we observed that taking antioxidant supplements and NSAIDs together was
especially beneficial and had observable effects on 3MS trajectories even without consideration
of the timing of their use as was done in the previous analyses.
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There are biologically plausible reasons why taking NSAIDs and antioxidants in combination
may be especially effective as they act on different pathways involved in neuro-degeneration,
namely oxidative stress and inflammation[8-10], and targeting both may have added benefits
over targeting each separately. These pathways may be particularly salient for APOE ε4-
carriers who are at high risk for developing AD. However, because the results of the current
study were based on a relatively small number of participants who were combined users, it is
possible they were due to chance. Additionally, although we did not find any evidence of
differential attrition among the different user groups (data not shown), it is possible that loss
to follow-up may have biased the results. Thus, further research with larger studies and,
eventually, clinical trials are needed to confirm our current findings. Any possible benefits of
a combined regimen will have to be weighed against the potential risks of increased
cardiovascular complications and/or mortality that recent studies suggest may be associated
with using these compounds[11,12].
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Figure 1. Estimated trajectories of 3MS scores over three waves of observation, spanning 8 years
of follow-up, among those with one or more APOE ε4 alleles
* Estimates are from mixed models that are adjusted for baseline age, sex, education, history
of diabetes and stroke; curves reflect trajectories of the “average” participant.

Fotuhi et al. Page 6

Alzheimers Dement. Author manuscript; available in PMC 2009 May 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fotuhi et al. Page 7
Ta

bl
e 

1
D

em
og

ra
ph

ic
 c

ha
ra

ct
er

is
tic

s o
f 3

,3
76

 p
ar

tic
ip

an
ts

 a
t t

he
 b

as
el

in
e 

vi
si

t

C
ha

ra
ct

er
is

tic
N

on
-u

se
rs

(n
=2

,0
07

)
N

SA
ID

s a
lo

ne
(n

=7
94

)
V

it 
E

 a
nd

 C
 a

lo
ne

(n
=1

53
)

V
it 

E
 o

r 
C

+/
- N

SA
ID

s
(n

=3
37

)

V
it 

E
 a

nd
 C

+ 
N

SA
ID

s
(n

=8
5)

A
ge

, m
ea

n 
(S

D
), 

y
74

.3
 (6

.6
)

73
.9

 (6
.3

)
73

.6
 (5

.5
)

73
.4

 (6
.1

)
72

.9
 (6

.1
)

Fe
m

al
e 

(%
)

1,
06

8 
(5

3.
2)

54
2 

(6
8.

3)
†

79
 (5

1.
6)

‡
22

9 
(6

8.
0)

†
56

 (6
5.

9)
‡

Ed
uc

at
io

n,
 m

ea
n 

(S
D

), 
y

13
.4

 (2
.9

)
13

.2
 (2

.7
)

13
.8

 (2
.9

)
13

.5
 (2

.8
)

13
.8

 (2
.6

)

N
um

be
r A

PO
E 
ε4

 a
lle

le
s*

 
0

1,
39

0 
(6

9.
8)

55
4 

(7
0.

1)
93

 (6
0.

8)
22

8 
(6

8.
1)

56
 (6

5.
9)

 
1 

or
 m

or
e

60
1 

(3
0.

2)
23

6 
(2

9.
9)

60
 (3

9.
2)

‡
10

7 
(3

1.
9)

29
 (3

4.
1)

A
bb

re
vi

at
io

ns
: S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 C

A
B

G
, c

or
on

ar
y 

ar
te

ry
 b

yp
as

s g
ra

ft 
su

rg
er

y;
 A

PO
E,

 a
po

lip
op

ro
te

in
 E

 g
en

e;
 N

SA
ID

s, 
no

n-
st

er
oi

da
l a

nt
i-i

nf
la

m
m

at
or

y 
dr

ug
s.

* N
um

be
rs

 m
ay

 n
ot

 a
dd

 u
p 

to
 to

ta
ls

 in
 th

e 
co

lu
m

ns
 b

ec
au

se
 o

f m
is

si
ng

 A
PO

E 
ge

no
ty

pe
 d

at
a

† p<
0.

00
1;

 c
om

pa
ris

on
s m

ad
e 

to
 re

fe
re

nc
e 

gr
ou

p 
of

 n
on

-u
se

rs

‡ p<
0.

05
; c

om
pa

ris
on

s m
ad

e 
to

 re
fe

re
nc

e 
gr

ou
p 

of
 n

on
-u

se
rs

Alzheimers Dement. Author manuscript; available in PMC 2009 May 21.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fotuhi et al. Page 8

Table 2
Mean baseline 3MS and change scores over three waves of observation for
the full sample and stratified by APOE ε4 status*

Baseline 3MS Change in 3MS†

Group n Mean (95% CI) Mean (95% CI)

Full Sample

Non-users 2,006 90.93 (90.68 - 91.17) -2.95 (-3.40 to -2.49)

NSAIDs alone 794 91.68 (91.33 - 92.03) -3.13 (-3.83 to -2.43)

Vit E and C alone 153 92.16 (91.41 - 92.90) -3.52 (-5.00 to -2.04)

Vit E or C +/- NSAIDs 337 91.80 (91.22 - 92.37) -3.54 (-4.58 to -2.50)

Vit E and C + NSAIDs 85 90.93 (89.80 - 92.06) -1.37 (-2.66 to -0.08)

0 APOE ε4 alleles

Non-users 1,389 91.05 (90.76 - 91.34) -2.58 (-3.14 to -2.03)

NSAIDs alone 554 91.63 (91.20 - 92.07) -3.07 (-3.92 to -2.23)

Vit E and C alone 93 92.90 (92.02 - 93.79) -2.76 (-4.13 to -1.39)

Vit E or C +/- NSAIDs 228 91.72 (90.99 - 92.45) -3.19 (-4.41 to -1.98)

Vit E and C + NSAIDs 56 90.48 (88.98 - 91.98) -2.67 (-4.56 to -0.78)

1+ APOE ε4 alleles

Non-users 601 90.63 (90.16 - 91.10) -3.77 (-4.53 to -3.01)

NSAIDs alone 236 91.82 (91.20 - 92.43) -3.00 (-4.17 to -1.83)

Vit E and C alone 60 91.00 (89.70 - 92.30) -4.85 (-8.21 to -1.49)

Vit E or C +/-NSAIDs 107 92.02 (91.11 - 92.93) -4.12 (-6.12 to -2.12)

Vit E and C + NSAIDs 29 91.79 (90.08 - 93.50) 0.65 (-0.58 to 1.89)‡

*
Of the 3,376 participants included in the analysis, 3,375 provided 3MS scores at baseline, 2,140 provided 3MS scores at all three waves and 1,236

provided 3MS scores at two of the three waves.

†
Mean change was calculated by taking the mean of changes in 3MS scores from Wave III minus Wave I for those participants who had scores at both

Waves.

‡
Mean baseline 3MS scores and mean change scores for each user group were compared against the reference group of non-users with t-tests in the full

sample and in the sub-groups formed by the presence or absence of the APOE ε4 allele; comparison of Vit E and C + NSAID group with non-users was
significant at p<0.01.

CI=Confidence Interval
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