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Abstract: Cognitive mmpairment is common in elderly people and represents clinical feature of
neurodegenerative diseases. Not all of patients with Mild Cognitive Impairment (MCT) finally develop dementia
and 1t 1s mteresting to mvestigate the role of possible markers for early diagnosis. Hyperhomocystenemia 1s
associated to several pathologies including cognitive impairment; aim of this study 1s to evaluate the correlation
between cognitive performance assessment and homocysteine plasma levels. Total 74 patients and 75 healthy
controls were enrolled and MCT were defined by a MMSE score lower than 26 after adjustment for years of
schooling. Homocysteine plasma levels were determined. Homocysteine levels significantly raised in patients
with cognitive impairment and showed a sigmficant negative association with MMSE score. Finally, our data
show that a moderate risk of cognitive impairment could be associated to high homocysteine plasma levels.
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INTRODUCTION

Cognitive impairment represents a clinical feature of
neurodegenerative diseases leading to dysfunction and
fmally death of subsets of neurons. However, Alzheimer’s
Disease (AD), Vascular Dementia (VD) and others are
condition that are at the severe end of the spectrum of
cogmitive impaiwment in elderly subjects. A wider range,
from mild to moderate, of cognitive impairment 1s common
and could be defined by memory impairment, whle
general cognitive function and daily living activities are
preserved. Furthermore, a nosological entity considered
at risk for developing AD 1is represented from Mild
Cognitive Impairment (MCT) (Telic et al, 2007), this term
refers to a transitional state between normal aging and
Alzheimer Dementia; nevertheless, some MCI patients do
not develop dementia and it led the interest in the role of
possible markers for early diagnosis. Hyperomocy-
steinemia 18 considered a marker of low B,; vitamin and
folate levels (Prins et af, 2002; Ravaglia et al, 2005
Seshadri and Wolf, 2002); low B,, and folate and raised
homocysteine have been linked to a greater risk of
Alzheimer disease and this has led to interest in the role
of folate and B,, dietary intake in the prevention and
management of cognitive impairment;, while the role of
vitamin supplementation is controversial, the relationship

between serum B, and folate and cognitive function have
been reported in several studies (Budge et al., 2000,
Clarke et al, 1998; Quadni et al., 2004); ina prospective
8-years study performed on dementia-free subjects from
the 20th exammation of Framingham Study homocysteine
has been considered as independent marker of developing
AD (Elias et al., 2005).

Aim of this study 1s to evaluate the differences n B,
vitamins, folate and homocysteine serum concentrations
between elderly patients with a mild cogmtive umpairment

and those without and verify the
between those biochemical markers and the subtype of
cognitive impairment (vascular vs neurodegenerative).

assoclation

METERIALS AND METHODS

Patients: We enrolled 74 patients (40 males, 34 females)
referred to the Unit of Clinical Chemistry for serum B
vitamin and homocysteine assessment; blood samples
were sent from the Department of Internal Medicine and
taken from patients admitted from September 2005 to
September 2007 for a clinical evaluation of their
internistic  and (with the
exclusion of acute cardiovascular and cerebrovascular

cardiovascular diseases

events). Seventy five age-matched healthy controls
were recruited for determining baseline characteristics and
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laboratory analysis. During hospital stay, all subjects
underwent a complete objective
examination, m addition to biochemical analysis; cognitive
function and disability assessment were determined with
Mini-mental state examination and ADI score(Katz, 1963),
respectively. All cases (patients with MCT) were defined
by a MMSE score lower than 26 after adjustment for
years of schooling and no disability evaluated with ADL
score. Exclusion criteria were B vitamins supplem entation
therapy and BMI <20. Hachinsky Tschaemia Score, a tool
used in screening to differentiate vascular dementia from
degenerative forms of the disorder, was admiistered
only to subjects with a MMSE score <26, adjusted for age
and years of schooling (Crum ef al., 1993); Hachinsky
Ischaemia Score of 7 or higher was considered more
likely to suggest a vascular dementia, while 4 or lower
show possible underlying neurodegenerative disease
(Monorey et al., 1997).

anamnesis and

Laboratory measurement: For laboratory measurement
fasting blood samples were taken in all subjects before
testing cognitive function; pre-analytical procedures were
executed according to photosensitivity characteristics
of B, vitamin and folate. B vitamins and homocysteine
serum concentrations were determined by a solid-phase,
two-site, chemiluminescent enzyme immunometric assay
(Immulite; Medical Systems, Italy). Homocysteinemia 1is
expressed in pmol/L.

Statistical analysis: Baseline differences between cases
and control subjects were examined by means of the
v -test for categoric data and an unpaired Student’s t-test

for continuous data. Correlations between MMSE scores
and serum homocysteine, B, and folate levels were
estimated by using Spearman's distribution-free method,
while the association between subtype of cognitive
impairment and biochemical markers levels (Hey, By,
and folate) was examined with the use of a logistic
regression model after adjustment for age, sex and
conventional vascular risk factors  (hypertension,
diabetes, hypercholesterolemia, current smoker, history
of previous vascular events). Results were expressed as
odds ratios, together with their 95% CL

RESULTS

As shown in Table 1, subjects with MCI have a
significant higher rate of hypertension, smoking habit,
proteinuria/microalbuminuria, previous cardio- and
cerebrovascular events and chronic failure;
moreover, as expected, they are treated with statins or
antiplatelet drugs more than controls. For cases,
Hachinslky Tschaemia Score was higher than 7 in 37 (50%)
subjects and lower than 4 in 25 (33.8%). Serum total
homocysteme levels were significantly raised (p<0.05) and
B,; and folate were significantly decreased among cases
(p=0.05) (Table 2). Homocysteine showed a significant
negative association with MMSE score among case
(Table 3). The multivariate analysis, after adjustment for
age, diabetes, hypertension, lustory of cardiovascular or
cerebrovascular events and for creatinine serum
concentrations showed a significant association between
a neurodegenerative kind of MCI and homocysteine
levels (Table 4).

renal

Table1: Clinical and baseline laboratory variables in patients with and without mild cognitive impairment

Patients with MCI (74) Patients without MCT (75) p-value

Sex: men/wornen (n%) 40/34 (54.4/45.9) 40/35 (53.3/46.7) n.s.
Age (yrs) 71.7+4.8 71.3+4 n.s.
Diabetes (n%) 24(32.2) 23 (30.6) n.s.
Hypertension (n%) 47 ( 63.5) 36 (48%) <0.05
Total Cholesterolemia (g dL™) 227.5+42.1 216.6+42.2 n.s.
LDL Cholesterolemia (mg dL.™!) 140£10.8 128.6+11.6 <0.05
HDL Cholesterolemia {mg d.=") 37.6+17.3 42.4+19.9 .8
Trigly ceridemia (mg dL.™") 180.2+57.7 149.8+63.5 .8
Serum Uric Acid (mg dL.™Y) 5.6x1.6 44422 n.s.
BMI kg m™2) 31.746.2 31.0+4.5 n.s.
Smoking (%) 28(37.8) 22(29.8) <0.05
Cholesterol plasma levels =200 mg dL.™! (n%) 21(283) 23 (30.06) .8
Trigly ceride plasma levels =150 mg dL™! (n%) 22(29.7) 18 (24) n.s.
LDL plasma levels >130 g dL.™' (n%s) 20(27.02) 20(26.6) n.s.
Microalbuminuria/Proteinuria (n%o) 64 (62.7) 21(28) <0.05
Previous cardiovascular events (o) 41 (55.5) 24(32) <0.05
Previous cerebrovascular events (n%o) 33(44.5) 20(26.6) <0.05
Renal failure (1) 16(21.6) 9(¢12) <0.05
Statin therapy (n%o) 39(52.3) 30 (40 <0.05
Antiplatelet therapy (n%%) 58(783) 23 (30.6) <0.05
MMSE score (median) 22 27

Hachinsky Ischaemia Score of =7 (n%6)
Hachinsky Ischaemia 8core of <4 (n%)

37 (50)
25 (33.8)

Laboratory values are represented as means+SD and tested with unpaired t-student test; demographic variables are expressed as number/percentage and tested

with Chi-square test
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Table 2: Metabolic variables in patients with and without MCIT

Cases (7 Controls (75) p-value
Homocysteine (umol L1 36.72+12.48 12.6+5.43 <0.001
By, vitamin (pg mL.™") 96429 20480 <0.05
Folate (ngmL™) 3.3:0.6 4.8+£0.9 <0.05

Values are represented as means+SD and tested with unpaired t-student test

Table 3: Correlations between MMSE scores and serum homocysteine,
vitamin By, and folate levels Spearman’s rho
MMSE in cases (74 MMSE in controls (75)

Homocysteine -0.211% -0.031
By, vitamin 0.042 0.026
Folate 0.07 -0.07
*p=0.05

Table4: Adjusted multivariate analysis  of relationship between
homocysteine, vitamin By, and folate plasma levels and type of
MCI (Adjustment for age, sex and conventional vascular risk
factors)

Patients with MCI (74)

H.I. score <4 (n 25) H.I. score =7 (n37)

HR (95% CT) HR (95% CT)
Homocysteine 1.79 (1.3-2,.1) 0.95 (0.45-1.2)
Vitamin By, 0.95 (0.35-1.1) 0.54 (0.31-0.87)
Folate 0.71 (0.23-0.89) 0.67 (0.35-1.1)

DISCUSSION

Elevated total homocysteine (tHey) concentrations
have been associated with cognitive impairment, but it is
unclear whether low vitamin B-12 or folate status is
responsible for cognitive decline (Clarke et al., 2007). The
Hey hypothesis of dementia has attracted considerable
interest, as Hey can be easily lowered by folic acid and
vitamin B12, raising the prospect that B-vitamin
supplementation could lower the risk of dementia
(Rowan et al., 2007). Hyperhomocystemaemia has been
assoclated with risk of stroke, Myocardial Infarction (M),
Alzheimer’s Disease (AD) and vascular dementia
(Miller ez al., 2002). Studies of cognitive decline and tHey
in healthy controls, however, conflict. Vascular disease
patients may have higher tHey than AD patients, thus,
hyperhomocysteinaemia in demented subjects could be
due to concomitant vascular disease, rather than a
cause of dementia (Clarke, 2008). This, however, is
controversial since elevated tHcy has
pathologically confirmed AD
without vascular disease as well as in vascular dementia.

existed in
cases both with and

Regarding on B vitamin role in conditomng cognitive
performance some authors (Vidal ef al., 2008), reported
an assoclation between kgh homocysteinemia and
decreased cogmtion only seen i patients with low folate
levels, suggesting that folate may mfluence the course
of cognitive decline. Although, high homocysteine
concentrations are associated with poorer cognitive
function it is known that hyperhomocysteinemia can be
influenced by a number of factors including age, sex and
diet. However, is still under investigation (Schulz, 2007),

whether reduction of hyperhomocystemia is reducing
the risk of dementia or Alzheimer's disease. Furthermore,
it is still evaluated the association between dementia and
common vascular risk factors certainly including
homocysteine; as  suggested by Authors
(Elking et al., 2007), who performed a prospective study in

some

a population of very old people it seems that the
contribution of vascular risk factors to the risk of
dementia may be age-dependent and their role in the very
old subjects may be mediated through their mfluence on
cerebrovascular morbidity. Our findings are consistent
with literature recent data assessing an assoclation
between cognitive impawment and both high plasma
homocysteine levels and low serum folate concentration
(Clarke et al, 1998; Quadri et al., 2004; Seshadri and
Wolf, 2002). According to Quadri et «l. (2004) and
Clarke et al. (1998), significant differences in those
metabolite concentrations between case and controls. The
reported negative association of hyperho-mocysteinemia
and MMSE score 1s consistent with prevous studies
(Seshadr ef al., 2002), while the Rotterdam study didn’t
find this association (Kalmin et al., 1999). The association
between hyperhomocy-steinemia and neurodegenerative
subtype of cogmitive impairment i1s controversial but
consistent with the work of Hogervost et al. (2002) that
suggest a possible direct neurotoxic effect and a role of
independent risk factor for leukoaraiosis and AD
respectively (Seshadri and Wolf, 2003). Finally, our data
are consistent with Sacramento Area Latino Study
(Ramos et al., 2005) showing a consistent risk of cognitive
impairnment associated to ligh homocysteine levels. Serum
homocysteine increases with age and can be mfluenced
by life styles (smoking habit), so a larger sample study
should be considered. Serum folate levels showed a mild
negative but not significant association among cases with
neurcdegenerative subtype of cognitive impairment and
this could be explained with a relative small sample size in
our population.
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