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Abstract

As the disease modifying therapy is not yet available for Alzheimer’s
disease (AD), the management of modifiable Vascular Risk Factors (VRFs)
including lipid metabolism is now considered to be the best strategy to minimize
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Objective: To elucidate the effect of Polyunsaturated Fatty Acids (PUFAS)
on the cognitive ability, we investigated the relationship between the plasma
PUFA profile and neuropsychological performance in elderly AD patients.

Methods: Present study was based on133 elderly patients (51 men and
82 women) with probable AD, and their mean age was 78.6 years. Mini-mental
State Exam (MMSE) and clock drawing test were used for neuropsychological
evaluation. Blood samples were obtained for the measurement of PUFA
profiles. Neuropsychological evaluation was repeated with one-year interval in
49 subjects, who were classified into two categories; stable group in which the
MMSE score was c\unchanged or improved and deteriorating group in which the
MMSE score worsened. A Receiver Operating Characteristic (ROC) curve was
used to evaluate the relationship between the EPA/AA ratio and the evolution
of cognitive ability.
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Results: Total MMSE score correlated positively with the Eicosapentaenoic
Acid (EPA)/ Arachidonic Acid (AA) ratio, and negatively with AA concentration.
In the ROC curve analysis, the threshold EPA/AA ratio was estimated at 0.67
for the stable MMSE score with 66% sensitivity and 70% specificity [Odds Ratio
(OR) = 4.43].

Conclusion: The EPA/AA ratio can be regarded as a predictive marker for

the preservation of cognitive ability in elderly AD patients.

Keywords: Vascular Risk Factors; Alzheimer’s Disease; Eicosapentaenoic
Acid (EPA); Arachidonic Acid (AA); Polyunsaturated Fatty Acid (PUFA); EPA/
AA Ratio

Docosahexaenoic Acid (DHA) against coronary heart disease,
arrhythmia atherosclerosis and hypertension [4-7].In addition to the
vascular effects, the long chain omega-3 PUFAs are considered to
be crucial to brain development and normal brain functioning [6].
Plasma omega-3 PUFAs were inversely related to the risk of dementia
and depression [8]. Several epidemiological studies showed that fish
consumption which is the primary dietary source of omega-3 PUFAs
was associated with a reduced risk of cognitive decline and dementia
[9-14]. Although the previous studies suggested that PUFAs were
associated with the cognitive function in elderly subjects, the
relationship between the PUFA profile and evolution of cognitive
function in AD patients is still to be clarified. In the present study, we
analyzed the PUFA profile in relation to the cognitive performance in

Introduction

According to the epidemiological studies, Vascular Risk Factors
(VRFs) including hypertension, diabetes, dyslipidemia, heart failure
and cerebrovascular lesions are associated with the onset and
progression of Alzheimer’s Disease (AD) [1-2]. Such VRFs are also
known to be the strong risk for vascular dementia and stroke, and
they are regarded as common modifiable risk factors for AD and
vascular dementia [3]. Since the disease modifying therapy is not
yet available in the management of AD patients, treating modifiable
VREFs is now considered to be the best strategy to minimize the impact
of AD lesions, especially in elderly subjects [3].

The role of nutrition, a potentially modifiable vascular factor, and

particularly that of dietary Polyunsaturated Fatty Acids (PUFA) has
been drawing increasing attention for the prevention of cognitive
decline and dementia. A number of epidemiological, clinical and
experimental studies suggested the protective effects of the long
chain omega-3 PUFAs such as Eicosapentaenoic Acid (EPA) and

Japanese elderly AD patients.
Subjects and Methods

The present study was observational clinical study focusing on
the role of PUFAs as a clinical marker for the evolution of cognitive
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Table 1: Baseline Characteristics of cross-sectional Study Subjects.

Total Women Men

(n=133) (n=82) (n=51) P
Age (years) 78.6 (7.2) 78.7(7.2) 78.4(7.3) 0.89
SBP (mmHg) 127.2 (11.6) K 127.3(11.2) | 127.1(12.5) | 0.99
DBP (mmHg) 73.6 (6.1) 74.3 (5.4) 72.4(7.0) | 0.06
ApoE4 carrier 53.2% 55.2% 50.0% 0.59
EPA (pg/ml) 56.7 (26.7) | 56.3(29.6) & 57.4(21.5) @ 0.31
DHA (ug/ml) 122.7 (32.7) | 123.8(34.0) | 120.8 (30.6) | 0.77
AA (ug/ml) 110.2 (29.2) H 115.2 (29.0) | 102.2 (27.8) | <0.01
LDL cholesterol (mg/dl) | 117.9 (31.5)  118.1(31.9) 117.6 (31.3) = 0.92
HDL cholesterol (mg/dl) | 64.9 (17.1) 68.3 (17.5) 57.1(14.1) § <0.01
FBS (mg/dl) 119.3 (34.1)  115.5(32.6) | 124.6 (35.9) = 0.06
Insulin (uU/ml) 19.6 (23.2) | 16.3(15.7) = 24.2(30.4) 0.18
HOMA-R 6.7 (9.8) 5.5 (8.1) 8.4 (11.7) 0.09
BNP (pg/ml) 87.5(117.5) 95.9(129.4) 74.3(95.7) | 0.19
MMSE 15.9 (5.3) 15.1 (5.3) 17.2(5.2) | <0.05
CcDT 2.7 (1.5) 2.8 (1.5) 2.7 (1.5) 0.82

Abbreviations: SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure;
EPA: Eicosapentaenoic Acid; DHA: Docosahexaenoic Acid; AA: Arachidonic Acid;
EPA/AA Ratio: Eicosapentaenoic Acid/Arachidonic Acid Ratio; LDL Cholesterol:
Low-Density Lipoprotein Cholesterol; HDL Cholesterol: High-Density Lipoprotein
Cholesterol; FBS: Fasting Blood Sugar; BNP: Brain Natriuretic Peptide; MMSE:
Mini-Mental State Examination; CDT: Clock Drawing Test, The X2 Test for
Categorical Variables and the Wilcox on test or Statistics for Gender Differences
in The Baseline Demographic, Vascular and Neuropsychological Parameters
were used. HOMA-R Value Indicates A Marker of Insulin Resistance. HOMA-R=
(Insulin Concentration) x (FBS)/405

changes in probable AD patients.Weenrolled133 patients (51 men and
82 women) who were diagnosed as having probable AD according
to the NINCDS-ADRDA criteria. The irmean age was 78.6 years.
Inclusion criteria were diagnosis of probable AD and general health
status that would not interfere with the patient’s ability to visit our
memory clinic in the Research Institute for Brain and Blood Vessels.

Table 2: Vascular risk factors on cognitive performance in AD patients.

Exclusion criteria were non-AD dementia, residence in a long-term
care facility at the time of screening, and a history of stroke, cancer,
liver disease, severe arrhythmia, major psychiatric disorders, or other
major central nervous system diseases. This study was approved by
the institution ethics committee, and all subjects provided informed
written consent.

Fasting blood samples were collected from all subjects at baseline.
Laboratory tests included measurements of Fasting Blood Sugar
(FBS), insulin, low-density lipoprotein cholesterol (LDL-cholesterol),
High-Density Lipoprotein cholesterol (HDL-cholesterol), plasma
PUFA concentration including EPA, DHA and Arachidonic
Acid (AA), Brain Natriuretic Peptide (BNP) as well as Apo Ee4.
EPA/AA and w-3/w-6 ratios were calculated based on the plasma
fatty acid composition that was determined by the capillary gas
chromatography. Quartile analysis was added to the evaluation of the
relationship between the MMSE score and EPA/AA ratio.

Neuropsychological evaluation included the Mini-Mental State
Exam (MMSE) [15] and the 5-point Clock Drawing Test (CDT),
which has a sensitivity of 86.7% and a specificity of 92.7% for
detecting AD-associated cognitive decline [16]. In 49 subjects, the
neuropsychological evaluation was carried out repeatedly with one-
year interval. All patients were on donepezil (5mg/day) during the
observation period. According to the difference in the total MMSE
score between the baseline and follow-up evaluations, those subjects
were classified into the2 groups: stable group in whom the MMSEs
core was unchanged or improved as compared with the baseline, and
deterioration group in whom the MMSEs core was worsened.

Gender differences in the baseline demographic, vascular and
neuropsychological parameters were evaluated with the x* test for
categorical variables and with the wilcoxon test. Spearman rank
correlation coefficient was used in the evaluation of the relationship
between cognitive performance and the demographic and laboratory
data. Wilcoxon test was used in the evaluation of the effect of
PUFA profile on the risk of cognitive decline between stable and

MMSE p cDT p
Age (years) -0.1540 [-0.3159 to 0.0167] 0.2053 -0.1040 [-0.2773 to 0.0759] 0.3252
Female n, (%) -0.3523 [-2.1389 to 1.4343] 0.6971 0.1039 [-0.4003 to 0.6081] 0.6841
SBP (mmHg) 0.1258 [-0.0579 to 0.301] 0.3542 -0.0350 [-0.2252 to 0.1577] 0.8774
DBP (mmHg) 0.0247 [-0.1583 to 0.2061] 0.5413 -0.0654 [-0.2539 to 0.1279] 0.4390
ApoE4 carrier -0.9358 [-2.6448 t0 0.7731] 0.2807 -0.4781 [0.9588 to 0.0026] 0.0512
EPA (ug/ml) 0.0132 [-0.0421 to 0.1830] 0.2239 0.0508 [-0.1288 to 0.2273] 0.3130
DHA (ug/ml) -0.1275 [-0.2914 to 0.1830] 0.2149 -0.0217 [-0.1995 to 0.1574] 0.2744
AA (ug/ml) -0.1641 [-0.3252 to 0.0063] 0.0273 -0.0527 [-0.2290 to 0.1270] 0.2246
w-3/w-6 0.1216 [-0.0497 to 0.2859] 0.0499 0.4665 [-0.2191 to 1.1521] 0.4691
EPA/AA 0.0991 [-0.0723 to 0.2649] 0.0302 0.4665 [-0.2191 to 1.1521] 0.0998
DHA/AA 0.0338 [-0.1373 to 0.2028] 0.2622 0.4665 [-0.2191 to 1.1521] 0.7496
LDL-cholesterol (mg/dl) 0.0023 [-0.1680 to 0.1725] 0.5896 0.0165 [-0.1625 to 0.1944] 0.3285
HDL-cholesterol (mg/dl) -0.0142 [-2.1652 to 0.1158] 0.9486 -0.0193 [0.1971 to 0.1597] 0.2155
Insulin (UU/ml) 1.1587 [-0.8171 to 3.1344] 0.3125 -0.1441[-0.3303 to 0.0528] 0.3462
FBS (mg/d) 0.0689 [-0.1190 to 0.2520] 0.3757 -0.0009 [-0.1944 to 0.1926] 0.8452
BNP (pg/ml) -0.0494 [-0.2190 to 0.1232] 0.3567 -0.0034 [-0.1833 t0 0.1767] 0.7186

Abbreviations: SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; EPA: Eicosapentaenoic Acid; DHA: Docosahexaenoic Acid; AA: Arachidonic Acid;
EPA/AA Ratio: Eicosapentaenoic Acid/Arachidonic Acid Ratio; LDL Cholesterol: Low-Density Lipoprotein Cholesterol; HDL Cholesterol: High-Density Lipoprotein
Cholesterol; FBS: Fasting Blood Sugar; BNP: Brain Natriuretic Peptide; MMSE: Mini-Mental State Examination; CDT: Clock Drawing Test, The Spearman Rank
Correlation Coefficient for Categorical Variables as used for the Influence of Vascular Risk Factors on the Cognitive Performance in AD Patients.
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Figure 1: Comparison of mean MMSE score according to EPA/AA ratio
quartiles at baseline. There was a progressive increase in mean MMSE
score in the EPA/AA quartiles at baseline, suggesting that a high EPA/AA
ratio leads to preservation of cognitive function in elderly AD patients.

deterioration groups. Independent measures analysis of variance
was used to explore the relationship between the EPA/AA ratio and
cognitive decline in the follow-up study. The cut-off value of the EPA/
AA ratio for distinguishing cognitive stability from deterioration was
calculated using the Receiver Operating Characteristic (ROC) curve.
All probability values of 5% or less (two-sided) were considered
significant. These statistical analyses were performed using SAS
statistical software (version 11.2; SAS Inc., Cary, NC).

Results

The mean baseline MMSE and CDT scores were 15.9 + 5.3 and
2.7 £ 1.5, respectively. There was no significant difference in the
mean age, blood pressure, presence of ApoE4, LDL-cholesterol, FBS,
insulin HbAlc, and BNP between men and women. The EPA and
DHA concentration did not differ between men and women, whereas
the AA concentration was significantly higher in women than in men.

Table 3: Comparison between table group and deterioration group.

Total Stable Deterioration
(n = 49) (n=29) (n = 20) P
Age (years) 77.8 (7.0) 75.8 (6.7) 80.8 (6.6) | <0.01
Female gender 75.5% 69.0% 85.0% 0.21
baseline | 20.3 (4.3) 19.3(3.8) 21.7 (4.7) 0.06
MMSE

follow-up | 20.3 (3.8) 20.7 (3.8) 19.4 (3.3) 0.28

CDT at baseline 3.4(1.2) 3.6(1.1) 3.1(1.4) 0.18

SBP (mmHg) at baseline | 126.8 (13.8) 125.7 (17.0) 1285 (7.1) | 0.48

DBP (mmHg) at baseline | 67.4 (7.8) 67.7 (8.2) 67.0 (7.0) 0.78
ApoE4 carrier 47.9% 53.6% 40.0% 0.36

L/H ratio at baseline 2.1(0.7) 2.1(0.8) 2.0(0.9) 0.58
HbA1c at baseline 5.5(0.3) 5.5 (0.3) 5.4 (0.3) 0.51
BNP (pg/ml) at baseline | 42.0 (34.7) | 41.1(36.1) = 43.2(335) 0.84
baseline | 0.73(0.15) 0.79 (0.37) | 0.63(0.31) 0.18

EPA/AAratio | average | 0.75(0.34) 0.83(0.37)  0.62(0.26) | <0.05
follow-up | 0.73(0.35) | 0.87 (0.42) 0.62(0.26) | <0.05

Abbreviations: SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure;
EPA/AA Ratio: Eicosapentaenoic Acid/Arachidonic Acid Ratio; L/H Ratio: Low-
Density Lipoprotein/High-Density Lipoprotein Ratio; BNP: Brain Natriuretic
Peptide; MMSE: Mini-Mental State Examination; CDT: Clock Drawing Test
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Figure 2: ROC curve of EPA/AA ratio for the stability of cognitive performance
in the one year follow-up study. ROC curve analysis demonstrated that the
EPA/AA ratio predicted stable MMSE score with 66% sensitivity and 70%
specificity [Odds Ratio (OR) = 4.43] at a cut-off value of average EPA/AA
ratio 0.67, further underscoring the relationship between the EPA/AA ratio
and cognitive stability in AD patients.

The baseline MMSE score was significantly greater in men than in
women (Table 1).

The baseline MMSE score correlated positively with thew-3/w-6
and the EPA/AA ratios, and negatively with AA concentration
(p<0.05) (Table 2). There was no correlation between the 5-point
CDT score and PUFA profiles (Table 2). In the quartile analysis of
EPA/AA ratio, there was a tendency toward the total MMSE score to
be preserved in the greater EPA/AA quartiles (Figure 1). There was
no significant relationship between the MMSE score and cholesterol
profile in our AD patients.

In the longitudinal follow-up study, 20 patients showed
deterioration in MMSE score (deterioration group), whereas the
MMSE score was unchanged or improved in 29 patients (stable
group) (Table 3). The deterioration group was older than the stable
group. There was no difference in the presence of ApoE4, baseline
MMSE score, CDT score, blood pressure, FBS, insulin, HbAlc, LDL-
cholesterol, BNP or EPA/AA ratio between the deterioration and
stable groups. The baseline MMSE score was significantly greater
in the deterioration group than in the stable group (p <0.01), where
as the baseline EPA/AA ratio was significantly greater in the stable
group than in the deteriorating group (Table 3). In the ROC curve
analysis, the threshold EPA/AA ratio was estimated at 0.67 for the
stable MMSE score with 66% sensitivity and 70% specificity [Odds
Ratio (OR) = 4.43] (Figure 2).

Discussion

The present results illustrated that the long-chain omega-3 PUFA
was closely associated with the cognitive function, and the EPA/AA
ratio can be regarded as a predictive marker for the preservation of
cognitive ability in elderly AD patients. This may also endorse the
results of previous studies.

Since the long chain omega-3 PUFAs such as EPA and DHA are
the essential fatty acids most abundant in the brain tissue, they are
thought to be crucial for normal cognitive function [17]. DHA plays
important roles in the neuronal membrane plasticity, synaptogenesis
and neurogenesis, all of which are involved in the synaptic
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transmission and the well-being of normal brain functions. Because
of the neurobiological property of DHA, Hashimoto and coworkers
[18] emphasized the significant preventive effect of DHA against
dementia, although the DHA/AA ratio was not associated with the
evolution of cognitive function in our results.

Previous study showed that the greater proportion of EPA was
associated with a lower incidence of dementia [13]. Recent brain
imaging study demonstrated that EPA had protective effects against
the accumulation of amyloid-p (AB) in AD patients [12].There was
limitation in the present observation, because we use the plasma
concentration of PUFA instead of that on the red cell membrane.
Plasma PUFA concentrations reflects a shorter-term lipid intake as
compared with the PUFA from Red Blood Cell (RBC) membranes
[19], because the PUFA turnover is more rapid in the plasma than
in the RBC membrane. The direct measurement of PUFA in plasma
may better reflect their bioavailability as precursors of other active
molecules, such as eicosanoids, particularly for EPA [20].

The beneficial effects of the long-chain omega-3 PUFAs against
dementia are explained by their major structural and functional roles
in neuronal membranes, vascular and anti-inflammatory properties,
as well as the potential ability to modulate neuroinflammation and
the expression of neuronal pasticity-related gene expression [8].
Many theories have been proposed to account for the beneficial
effects of EPA on cognitive function. Different ratios of omega-3 to
omega-6 PUFAs may suppress neuroinflammation and oxidative
stress in the central nervous system [21]. A previous biochemical
study suggested that EPA suppresses inflammation by competitive
antagonism of AA conversion by Cyclooxygenase-2 (COX-2)
[22]. In the laboratory settings, the stimulation of COX-2 activity
led to increased Prostaglandin E2 (PGE2) production, which in
turn stimulated proteolysis of amyloid precursor protein to form
amyloid beta, likely by enhancing gamma-secretase activity [23-24].
Therefore, the inhibition of PGE2 formation by omega-3 PUFAs may
be an effective method to reduce the production and accumulation of
AP. COX-2 also promoted amyloid plaque deposition and accelerated
AB-mediated apoptotic brain damage in a transgenic AD model [25].
Moreover, the elevated PGE2 levels and COX-2 over expression
have been observed in the brains of AD patients [26-27], and COX-
2 expression correlates with AP deposition and AD progression
[28]. Inflammation and oxidative stress may contribute to the early
development of amyloid plaques and neurofibrillary tangles [29-32],
while PGE2-dependent amplification of COX-2 may act to sustain
and exacerbate chronic inflammation. EPA and DHA also compete
with AA for incorporation into cell membrane phospholipids. Thus,
the EPA/AA ratio may reflect low neuroinflammation and oxidative
stress as well as higher neuronal repair capacity in AD patients with
greater cognitive stability.

Conclusion

Long-chain omega-3 PUFA is closely associated with the cognitive
function, and the EPA/AA ratio can be regarded as a predictive
marker for the preservation of cognitive ability in elderly AD patients.
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