
Journal of Alzheimer’s Disease 82 (2021) 235–248
DOI 10.3233/JAD-210166
IOS Press

235

Relationship of Homocysteine Plasma
Levels with Mild Cognitive Impairment,
Alzheimer’s Disease, Vascular Dementia,
Psychobehavioral, and Functional
Complications

Michele Lauriolaa, Grazia D’Onofriob,∗, Filomena Cicconeb, Carmela Germanoa,
Leandro Cascavillaa, Francesco Parisa and Antonio Grecoa

aComplex Unit of Geriatrics, Department of Medical Sciences, Fondazione IRCCS Casa Sollievo della Sofferenza,
San Giovanni Rotondo, Foggia, Italy
bClinical Psychology Service, Health Department, Fondazione IRCCS Casa Sollievo della Sofferenza,
San Giovanni Rotondo, Foggia, Italy

Accepted 13 April 2021
Pre-press 22 May 2021

Abstract.
Background: Alzheimer’s disease (AD) may be a vascular disorder with neurodegenerative consequences opening possibility
of preventing AD by targeting vascular risk factors including homocysteine.
Objective: The study aims were to assess homocysteine distribution in different forms and severity of cognitive impairment
(CogI) [mild cognitive impairment (MCI), probable AD (Prob-AD), possible AD (Poss-AD), and vascular dementia (VaD)]
and in NoCogI, and to estimate possible association between hyperhomocysteinemia levels with functional deficit severity
and psychobehavioral complications.
Methods: In total, 929 (M = 366, F = 563; mean age of 72.55 ± 6.24 years) patients were evaluated with cognitive, neu-
ropsychiatric, affective, and functional assessment scales. Homocysteine serum was set on two levels: between 0 and
10 �mol/L and > 10 �mol/L. For each patient, blood concentration of folate, vitamin B12, hemoglobin, C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), cholesterol, triglycerides, and glycemia were measured.
Results: CogI patients demonstrated significantly a higher frequency of homocysteine > 10 (p = 0.003), than NoCogI patients.
Patients with moderate and severe dementia had a higher frequency of homocysteine > 10 (p < 0.0001), than MCI and mild
dementia. Poss-AD and VaD had a higher frequency of homocysteine > 10 (p = 0.003), than Prob-AD patients. Homocys-
teine > 10 frequency is directly proportional to increased neuropsychiatric symptom severity (p < 0.0001), and functional
impairment severity respectively for ADL (p < 0.0001) and IADL (p < 0.0001).
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Conclusion: Higher homocysteine level seems to be significantly related to cognitive impairment frequency and severity,
possible AD and VaD, neuropsychiatric symptom severity, and functional impairment severity.

Keywords: Activities of daily living, Alzheimer’s disease, homocysteine, mild cognitive impairment, neuropsychiatric symp-
toms, vascular dementia

INTRODUCTION

Alzheimer’s disease (AD) is the most common
type of dementia among western countries, corres-
ponding to about 60–70% of cases [1], while vas-
cular dementia (VaD) is the second, with about 5%
to 10% of all cases [2]. AD is associated with tan-
gles and plaques in the brain, loss of connections,
inflammation, and death of brain cells; therefore, it is
classified as a neurodegenerative disorder. AD usu-
ally progresses slowly and gradually gets worse as
more brain cells die. An important projection indi-
cated that the number of people affected by dementia
is likely to reach 82 million in 2030 and 152 million
in 2050 [1]. In AD, causes and progression are not
well understood. Moreover, symptomatology, patho-
physiology, and risk factors overlap with VaD. Some
studies suggest that the combination of AD and cere-
brovascular pathologies is possible and frequently
causes the onset of a type of dementia called mixed
dementia [3, 4]. It is now clear that pure cerebrovas-
cular disease and pure AD represent two extremes of
a spectrum [5, 6]. The concept that AD may be a vas-
cular disorder with neurodegenerative consequences
[7, 8] has offered an explanation into the nature of this
disorder and opened the possibility of preventing AD
by targeting vascular risk factors. The vascular risk
factors known to date are many and act with differ-
ent mechanisms of action. The wall of the vessels, in
particular the vascular endothelium, is the site where
the mechanisms of damage act. The endothelium
of vessels is a single layer of dynamic cells which
through a variety of stimuli produces vasoactive sub-
stances to maintain vascular tone, regulate blood flow,
and affect cellular metabolism of tissues. Endothe-
lial damage is a crucial aspect of atherosclerosis and
precedes overt manifestation of disease. Endothelial
dysfunction is involved in several diseases includ-
ing hypertension, diabetes, atherosclerosis, renal and
cardiac failure, and neurodegeneration [9–12]. On
the basis of these findings, there has been a grow-
ing interest in the role played by the vascular system.
Among all the vascular risk factors, much attention
has recently been paid to homocysteine. Homocys-
teine is an amino acid containing a sulfhydryl group,

and its levels are influenced by B vitamins cobalamin,
vitamin B6, and folic acid that through their roles
as cofactors for the enzymes involved in methion-
ine metabolism [13]. Elevated plasma homocysteine
is well recognized as a risk factor for cardiovascu-
lar [14, 15], renal [16], and cerebrovascular diseases
[17]. Inflammatory processes in the vascular wall are
crucial at the beginning and in the continuation of
the pathology. The proinflammatory effect of homo-
cysteine is related to reactive oxygen species (ROS)
generation and involves the activation of nuclear tran-
scription factor κB (NF-κB) which controls the genes
for the expression of adhesion molecules, cytokines,
and chemokines [18]. Elevated serum homocysteine
levels have been found to be an independent risk
factor for AD. Homocysteine levels are significantly
higher among patients with dementia than among nor-
mal control subject and that the levels are inversely
related to cognitive function in people with dementia
[19–24]. It has even been shown that B vitamins taken
at the earliest stages of cognitive impairment are able
to slow down the rate of brain atrophy [25] as well
as cognitive decline [26], and may reduce conversion
rates into dementia [27]. The homocysteine neuro-
toxicity [28, 29] and its direct effect on brain atrophy
has been established [30]. Furthermore, homocys-
teine has been shown to increase platelet aggregation
which contributes to the occurrence of clinically
apparent, silent brain infarcts [31, 32], white matter
abnormalities [33], and for recurrent stroke [34]. In
addition to stroke, increased levels have been shown
to be related to increased cortical and hippocampal
atrophy [35]. Homocysteine was associated with AD
as diagnosed both clinical [36] and histopathological
criteria [37] and recent meta-analysis demonstrates a
causal link between plasma total homocysteine and
the risk for AD and provides a new insight into the
etiology and prevention of AD [38]. Currently, a
study concluded that homocysteine-methionine cycle
is a key metabolic sensor system mediating receptor-
independent metabolism-associated danger signal
recognition and modulating methylation in disease
conditions such as metabolic disorders, autoimmune
disease, and cardiovascular disease [39]. In light of
these studies, our research hypothesis was that
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homocysteine plasma assay is related to the proper
functioning of the methylation pathway.

Otherwise to measure the homocysteine levels in
order to verify that our results were in line with the
ones of studies performed in other populations, we
focused to homocysteine distribution in the different
forms and severity of cognitive impairment. Finally,
we looked for the possible association between lev-
els of hyperhomocysteinemia with the severity of
the functional deficit and psychobehavioral compli-
cations.

MATERIALS AND METHODS

The present study was conducted according to the
Declaration of Helsinki, the Guidelines for Good
Clinical Practice and the guidelines for Strengthening
the Reporting of Observational Studies in Epidemiol-
ogy, and it was approved by the local ethics committee
for human experimentation (Prot. N. 3877/DS). The
study was an observational study, in which the assign-
ment of an intervention to the participants, its effect
assessment, and health-related biomedical or behav-
ioral outcomes are not considered. In the present
study, healthy participants were recruited as control
subjects.

Study sample

From January 2012 to July 2019, we screened older
subjects who had consecutively attended the Cogni-
tive Impairment Evaluation Unit of the Complex Unit
of Geriatrics of Istituto di Ricovero e Cura a Carattere
Scientifico (IRCCS) “Casa Sollievo della Sofferenza”
for possible study enrollment. The control group
patients were recruited in the Geriatric Unit and were
categorized as no cognitive impairment (NoCogI)
patients by cognitive, neuropsychiatric, and func-
tional assessments. We obtained written informed
consent for research from each patient, or from rela-
tives or a legal guardian. All subjects were Caucasian,
not including people of Jewish, Eastern European, or
North African descent; with most individuals having
Southern Italian ancestry, living in Southern Italy for
at least three generations.

Inclusion criteria were: 1) age ≥ 60 years; 2) diag-
nosis of mild cognitive impairment (MCI) according
to the National Institute on Aging-Alzheimer’s Asso-
ciation (NIAAA) [40] criteria; 3) diagnosis of Pro-
bable/Possible AD (Prob-AD/Poss-AD) according to

the NINCDS-ADRDA [41] and NIAAA [42] criteria;
4) diagnosis of vascular dementia (VaD) according
to the criteria of the National Institute of Neurologi-
cal Disorders and Stroke - Association Internationale
pour la Recherche et l’Enseignement en Neuro-
sciences (NINDS-AIREN) Work Group [43]; 5)
ability to provide an informed consent or availability
of a relatives or a legal guardian in the case of severe
demented patients. Exclusion criteria were: 1) pres-
ence of serious comorbidity, tumors, other diseases
or physiological status (ascertained blood infections,
disorders of the thyroid, kidneys, or liver), that could
be causally related to cognitive impairment; 2) his-
tory of alcohol or drug abuse, head trauma, and other
causes that can cause memory impairment.

As control group, we included older patients con-
secutively evaluated in the same center who had
no cognitive impairment and neuropsychiatric symp-
toms.

Clinical, cognitive, neuropsychiatric, and
functional assessment

The medical status of the patients was collected
by a structured interview, a clinical evaluation, and a
review of records from the patients’ general practi-
tioners.

In all patients, cognitive status was defined with
the Mini-Mental State Examination (MMSE) [44],
Frontal Assessment Battery (FAB) [45], and Clock
Drawing Test (CDT) [46], after a brief interview
with the caregiver. Diagnosis of dementia was always
supported by neuroimaging evidence (computed tom-
ography scan and/or nuclear magnetic resonance).
Differential diagnosis between AD and VaD was also
based on the Hachinski Ischemic Score (HIS) [47] to
address unclear AD/VaD diagnoses.

The neuropsychiatric symptoms were assessed
using the Neuropsychiatric Inventory (NPI) [48]: it
consists of 12 neuropsychiatric domains (delusions,
hallucinations, depression, anxiety, agitation/aggr-
ession, euphoria, disinhibition, irritability/lability,
apathy, aberrant motor activity, sleep disturbance, and
eating disorder). Caregiver distress due to the behav-
ioral problems of the patient was also assessed by
the NPI-Distress (NPI-D) [48, 49], a subscale of the
NPI which evaluates stress caused by each behavioral
disturbance of the patient.

In all patients, functional status was assessed by
activities of daily living (ADL) [50] and instrumental
activities of daily living (IADL) [51] scales.



238 M. Lauriola et al. / Homocysteine Levels in Cognitive Impairment

Value quantification of homocysteine and other
biochemical concentrations

The blood samples (3–5 mL of blood) were col-
lected intravenously from all patients’ upper limb
in the morning. Then blood samples were stored
in Vacutainer tubes containing citrate; within not
more than 30 min, the samples were transferred to
the department of biochemistry and analyzed in full
autoanalyzer.

The serum homocysteine was set on two levels:
between 0 and 10 �mol/L and > 10 �mol/L.

The blood concentration of folate, vitamin B12,
hemoglobin, C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), cholesterol, triglycerides,
and glycemia were measured in all patients.

Statistical analyses

For dichotomous variables, hypotheses regarding
differences between the groups were tested using
chi-square test. This analysis was made using the
2-Way Contingency Table Analysis. For continuous
variables, normal distribution was verified by the
Shapiro-Wilk normality test and the one-sample
Kolgomorov-Smirnov test. For normally-distributed
variables, hypotheses regarding differences among
the groups were compared by means of the Welch two
sample t-test or by means of the analysis of variance
(ANOVA) under general linear model. For non-
normally distributed variables, hypotheses regarding
differences among the groups were compared by
means of the Wilcoxon rank sum test with continuity
correction or by means of the Kruskal-Wallis rank
sum test. Risks (adjusted by age) will be reported as
odds ratios (OR) along with their 95% confidence
interval (CI). All the statistical analyses were made
with the R Ver. 2.8.1 statistical software package (The
R Project for Statistical Computing; available at URL
http://www.r-project.org/). Tests in which the p value
was smaller than the type I error rate � = 0.05 were
declared significant.

RESULTS

During the enrolment period, 1,103 older patients
were screened for the inclusion in the study. Of these,
3 patients were excluded because they were younger
than 60 years, 9 patients had an incomplete exami-
nation, and 162 patients were without no cognitive
impairment and with neuropsychiatric symptoms.

Thus, the final population included 929 patients, 366
men (39.40%) and 563 women (60.6%) with a mean
age of 72.55 ± 6.24 years and a range from 60 to 93
years. Therefore, 126 patients (M: 70, F: 56; mean
age of 77.31 ± 7.26 years, range 62–92 years) were
included in the NoCogI group, and 803 patients (M:
296, F: 507; mean age of 71.81 ± 5.72 years, range
60–93 years) were included in cognitive impairment
(CogI) group (of these 197 were MCI, 267 were AD,
198 were VaD, and 141 were Poss-AD).

As explained in Table 1, the CogI patients were
allocated in four groups according to cognitive im-
pairment severity: 1) 197 patients with MCI, 2) 241
patients with mild dementia, 3) 282 patients with
moderate dementia, and 4) 83 patients with severe
dementia.

Clearly, the patients with severe dementia were
more cognitively impaired in MMSE (p < 0.001), in
FAB (p < 0.001), and in CDT (p < 0.001), showed
obviously a major impairment in ADL (p < 0.001)
and IADL (p < 0.001), and a major neuropsychia-
tric implication in NPI Total score (p < 0.001),
NPI Distress Total score (p < 0.001), NPI-Delu-
sion (p < 0.001), NPI-Hallucination (p < 0.001),
NPI-Agitation/Aggression (p < 0.001), NPI-Apathy/
Indifference (p < 0.001), NPI-Irritability/Lability (p <
0.001), NPI-Aberrant Motor Behavior (p < 0.001),
NPI-Sleep/night time behavior (p < 0.001), and NPI-
Appetite/eating change (p = 0.008), than other groups
of patients.

The serum homocysteine concentration is higher
in moderate and severe dementia patients (p < 0.001),
than MCI and mild dementia. Finally, MCI patients
are older (p < 0.001) and had a higher level of CRP
(p = 0.004).

The groups did not differ in sex distribution (p =
0.890), NPI-Depression (p = 0.174), NPI-Anxiety
(p = 0.606), NPI-Euphoria (p = 0.663), NPI-Disinhi-
bition (p = 0.445), vitamin B12 (p = 0.442), folate
(p = 0.878), hemoglobin (p = 0.077), ESR (p = 0.056),
cholesterol (p = 0.634), triglycerides (p = 0.261), gly-
cemia (p = 0.875), alcohol consumption (p = 0.887),
and tobacco use (p = 0.998).

As shown in Table 2, all patients with dementia
(N = 606; M: 219, F: 387; mean age of 70.57 ± 4.71
years, range 60–85 years) were allocated in three
groups according to dementia type: 1) 267 patients
with Prob-AD, 2) 198 patients with VaD, and 3) 141
patients with Poss-AD.

Poss-AD patients were more cognitively impaired
in MMSE (p < 0.001), FAB (p < 0.001), and CDT
(p < 0.001), showed obviously a major impairment in

http://www.r-project.org/
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Table 1
Demographic, cognitive, clinical, and biochemical characteristics of older patients according to cognitive impairment severity

MCI Mild Moderate Severe p
N = 197 dementia dementia dementia

n = 241 n = 282 n = 83

Sex
Males/Females 77/120 86/155 102/180 31/52 0.890
Males (%) 39.10 35.70 36.20 37.30

Age (y)
Mean ± SD 75.58 ± 6.79 69.95 ± 4.57 71.23 ± 4.66 70.17 ± 5.06 < 0.0001
Range 60.31 – 93.49 60.01 – 83.68 60.22 – 82.34 61.31 – 85.23

MMSE
Mean ± SD 25.30 ± 0.99 20.98 ± 1.68 14.44 ± 2.29 5.95 ± 3.57 < 0.0001
Range 24.00 – 27.00 18.20 – 23.80 10.20 – 18.00 0 – 10.00

FAB
Mean ± SD 15.18 ± 1.84 10.76 ± 4.34 5.56 ± 4.06 1.12 ± 2.15 < 0.0001
Range 13.00 – 18.00 0 – 18.00 0 – 16.00 0 – 12.00

CDT
Mean ± SD 1.00 ± 0 4.07 ± 1.56 5.46 ± 0.98 5.98 ± 0.15 < 0.0001
Range 1.00 – 1.00 1.00 – 6.00 1.00 – 6.00 5.00 – 6.00

ADL
Mean ± SD 6.00 ± 0 4.75 ± 1.37 3.62 ± 1.44 1.87 ± 0.82 < 0.0001
Range 6.00 – 6.00 2.00 – 6.00 2.00 – 6.00 1.00 – 5.00

IADL
Mean ± SD 8.00 ± 0 3.48 ± 2.65 1.21 ± 1.60 0 < 0.0001
Range 8.00 – 8.00 0 – 7.00 0 – 7.00 0

NPI Total score
Mean ± SD 0 23.81 ± 19.12 33.32 ± 20.17 44.44 ± 20.60 < 0.0001
Range 0 0 – 87.00 0 – 90.00 0 – 87.00

NPI Distress Total score
Mean ± SD 0 9.02 ± 6.19 12.38 ± 6.51 15.18 ± 6.48 < 0.0001
Range 0 0 – 32.00 0 – 33.00 0 – 30.00

NPI-Delusion
Mean ± SD 0 0.56 ± 2.22 1.41 ± 3.31 2.66 ± 4.03 < 0.0001
Range 0 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Hallucination
Mean ± SD 0 0.50 ± 2.11 1.26 ± 2.93 3.13 ± 4.39 < 0.0001
Range 0 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Agitation/Aggression
Mean ± SD 0 2.88 ± 3.64 4.16 ± 3.82 5.85 ± 4.29 < 0.0001
Range 0 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Depression
Mean ± SD 0 4.53 ± 4.37 5.22 ± 4.48 5.27 ± 4.98 0.174
Range 0 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Anxiety
Mean ± SD 0 3.36 ± 4.35 3.07 ± 4.37 3.55 ± 4.85 0.606
Range 0 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Euphoria
Mean ± SD 0 0.06 ± 0.64 0.03 ± 0.34 0.01 ± 0.11 0.663
Range 0 0 – 9.00 0 – 4.00 0 – 1.00

NPI-Apathy/Indifference
Mean ± SD 0 4.57 ± 4.49 7.50 ± 4.39 8.87 ± 4.22 < 0.0001
Range 0 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Disinhibition
Mean ± SD 0 0.06 ± 0.54 0.05 ± 0.60 0.16 ± 1.08 0.445
Range 0 0 – 6.00 0 – 9.00 0 – 9.00

NPI-Irritability/Lability
Mean ± SD 0 2.49 ± 3.63 4.05 ± 4.13 5.34 ± 4.64 < 0.0001
Range 0 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Aberrant Motor Behavior
Mean ± SD 0 0.07 ± 0.82 0.13 ± 1.03 1.20 ± 3.10 < 0.0001
Range 0 0 – 12.00 0 – 12.00 0 – 12.00

(Continued)
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Table 1
(Continued)

MCI Mild Moderate Severe p
N = 197 dementia dementia dementia

n = 241 n = 282 n = 83

NPI-Sleep/night time behavior
Mean ± SD 0 3.26 ± 3.96 4.33 ± 4.38 5.71 ± 4.78 < 0.0001
Range 0 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Appetite/eating change
Mean ± SD 0 1.47 ± 3.01 2.10 ± 3.36 2.70 ± 4.08 0.008
Range 0 0 – 12.00 0 – 12.00 0 – 12.00

Homocysteine, �mol/L
Mean ± SD 9.46 ± 4.53 11.81 ± 7.31 13.07 ± 8.89 12.96 ± 7.82 < 0.0001
Range 2.80 – 40.50 4.70 – 90.00 3.70 – 78.90 4.00 – 49.90

Vitamin B12, ng/mL
Mean ± SD 357.01 ± 282.01 326.42 ± 231.54 339.29 ± 413.95 289.69 ± 209.21 0.442
Range 3.00 – 2395.00 4.00 – 2000.00 4.00 – 6000.00 4.00 – 1521.00

Folate, pg/mL
Mean ± SD 11.04 ± 31.25 10.77 ± 21.89 10.70 ± 31.34 8.18 ± 8.79 0.878
Range 2.00 – 429.00 2.00 – 252.00 2.00 – 443.00 2.00 – 57.00

Haemoglobin, g/dL
Mean ± SD 13.76 ± 1.52 13.50 ± 1.61 13.43 ± 1.62 13.29 ± 1.70 0.077
Range 10.00 – 20.00 9.00 – 19.00 8.00 – 18.00 9.00 – 17.00

CRP, mg/dL
Mean ± SD 0.47 ± 2.59 0.05 ± 0.25 0.04 ± 0.12 0.20 ± 0.87 0.004
Range 0 – 34.00 0 – 3.30 0 – 0.90 0 – 6.90

ESR, mm/min
Mean ± SD 24.85 ± 14.74 27.63 ± 16.81 29.44 ± 19.77 28.47 ± 20.39 0.056
Range 2.00 – 70.00 2.00 – 78.00 2.00 – 174.00 2.00 – 120.00

Cholesterol, mg/dL
Mean ± SD 187.70 ± 41.45 185.69 ± 41.37 186.30 ± 42.24 180.60 ± 41.14 0.634
Range 82.00 – 321.00 97.00 – 305.00 54.00 – 338.00 98.00 – 320.00

Triglycerides, mg/dL
Mean ± SD 106.15 ± 43.77 111.11 ± 48.22 115.43 ± 66.65 117.07 ± 50.59 0.261
Range 40.00 – 328.00 33.00 – 383.00 36.00 – 721.00 52.00 – 331.00

Glycemia, mg/dL
Mean ± SD 100.37 ± 32.36 102.95 ± 37.33 102.88 ± 36.01 102.16 ± 39.88 0.875
Range 68.00 – 340.00 64.00 – 371.00 51.00 – 292.00 65.00 – 270.00

Hypertension
Yes – N (%) 156 (79.2) 194 (80.5) 225 (79.8) 67 (80.7) 0.923
No – N (%) 41 (20.8) 47 (19.5) 57 (20.2) 16 (19.3)

Alcohol consumption
Yes – N (%) 8 (4.1) 12 (5.0) 16 (5.7) 4 (4.8)
No – N (%) 189 (95.9) 229 (95.0) 266 (94.3) 79 (95.2) 0.887

Tobacco use
Yes – N (%) 27 (13.3) 32 (13.3) 37 (13.1) 11 (13.3) 0.998
No – N (%) 170 (86.3) 209 (86.7) 245 (86.9) 72 (86.7)

MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; FAB, Frontal Assessment Battery; CDT, Clock Drawing Test;
ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; NPI, Neuropsychiatric Inventory; CRP, C-Reactive Protein;
ESR, Erythrocyte Sedimentation Rate.

ADL (p < 0.001) and IADL (p < 0.001), and a major
neuropsychiatric implication in NPI Total score
(p = 0.002), NPI Distress Total score (p = 0.004), NPI-
Agitation/Aggression (p = 0.001), NPI-Depression
(p < 0.001), NPI-Apathy/Indifference (p < 0.001),
NPI-Irritability/Lability (p = 0.041), NPI-Sleep/night
time behavior (p = 0.003), and NPI-Appetite/eating
change (p = 0.048), than other groups of patients.

However, Prob-AD patients had a higher per-
centage of males (p = 0.012), and a major

neuropsychiatric implication in NPI-Delusion (p =
0.011), NPI-sHallucination (p = 0.009), NPI-Disin-
hibition (p = 0.041), and NPI-Aberrant Motor Beh-
avior (p = 0.020), than VaD and Poss-AD patients.

Moreover, VaD patients had a major neuropsy-
chiatric implication in NPI-Anxiety (p = 0.020), than
other patient groups.

The serum homocysteine concentration is higher in
VaD patients (p = 0.012), than Prob-AD and Poss-AD
patients.
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Table 2
Demographic, cognitive, clinical, and biochemical characteristics of older patients according to dementia type

ALL Prob-AD VaD Poss-D p
N = 606 n = 267 n = 198 n = 141

Sex
Males/Females 219/387 114/153 61/137 44/97 0.012
Males (%) 36.10 42.70 30.80 31.20

Age (y)
Mean ± SD 70.57 ± 4.71 70.73 ± 4.73 70.63 ± 4.61 70.89 ± 4.83 0.567
Range 60.00 – 85.00 61.00 – 85.00 60.00 – 83.00 60.00 – 82.00

MMSE
Mean ± SD 15.87 ± 5.49 14.87 ± 5.45 19.14 ± 4.26 13.20 ± 4.92 < 0.0001
Range 0 – 23.80 0 – 23.80 0 – 23.70 0 – 22.70

FAB
Mean ± SD 7.04 ± 5.21 6.14 ± 5.01 9.61 ± 4.86 5.00 ± 4.63 < 0.0001
Range 0 – 18.00 0 – 17.00 0 – 18.00 0 – 16.00

CDT
Mean ± SD 4.98 ± 1.41 5.05 ± 1.31 4.54 ± 4.62 5.46 ± 1.08 < 0.0001
Range 1.00 – 6.00 1.00 – 6.00 1.00 – 6.00 1.00 – 6.00

ADL
Mean±SD 3.83 ± 1.64 3.75 ± 1.68 4.30 ± 1.53 3.33 ± 1.53 < 0.0001
Range 1.00 – 6.00 1.00 – 6.00 1.00 – 6.00 1.00 – 6.00
IADL

Mean ± SD 1.94 ± 2.38 1.64 ± 2.21 2.83 ± 2.64 1.27 ± 1.94 < 0.0001
Range 0 – 7.00 0 – 7.00 0 – 7.00 0 – 7.00

NPI Total score
Mean ± SD 31.05 ± 20.96 30.41 ± 21.18 28.25 ± 20.32 36.14 ± 20.67 0.002
Range 0 – 90.00 0 – 90.00 0 – 87.00 0 – 87.00

NPI Distress Total score
Mean ± SD 11.42 ± 6.73 11.27 ± 6.80 10.52 ± 6.63 12.95 ± 6.51 0.004
Range 0 – 33.00 0 – 30.00 0 – 32.00 0 – 33.00

NPI-Delusion
Mean ± SD 1.24 ± 3.12 1.60 ± 3.44 0.72 ± 2.49 1.30 ± 3.19 0.011
Range 0 – 12.00 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Hallucination
Mean ± SD 1.21 ± 3.01 1.59 ± 3.30 0.72 ± 2.40 1.20 ± 3.13 0.009
Range 0 – 12.00 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Agitation/Aggression
Mean ± SD 3.88 ± 3.93 4.29 ± 4.05 3.03 ± 3.53 4.32 ± 4.07 0.001
Range 0 – 12.00 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Depression
Mean ± SD 4.95 ± 4.51 4.08 ± 4.23 5.47 ± 4.62 5.88 ± 4.61 < 0.0001
Range 0 – 12.00 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Anxiety
Mean ± SD 3.25 ± 4.42 2.44 ± 3.95 4.00 ± 4.66 3.73 ± 4.69 <0.0001
Range 0 – 12.00 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Euphoria
Mean ± SD 0.04 ± 0.47 0.03 ± 0.35 0.07 ± 0.71 0 0.373
Range 0 – 9.00 0 – 4.00 0 – 9.00 0

NPI-Apathy/Indifference
Mean ± SD 6.52 ± 4.70 6.81 ± 4.66 5.28 ± 4.68 7.69 ± 4.43 < 0.0001
Range 0 – 12.00 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Disinhibition
Mean ± SD 0.07 ± 0.67 0.15 ± 0.97 0 0.03 ± 0.34 0.041
Range 0 – 9.00 0 – 9.00 0 0 – 4.00

NPI-Irritability/Lability
Mean ± SD 3.60 ± 4.13 3.72 ± 4.27 3.04 ± 3.83 4.16 ± 4.19 0.041
Range 0 – 12.00 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Aberrant Motor Behavior
Mean ± SD 0.25 ± 1.48 0.44 ± 1.96 0.06 ± 0.86 0.16 ± 1.02 0.020
Range 0 – 12.00 0 – 12.00 0 – 12.00 0 – 9.00

(Continued)
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Table 2
(Continued)

ALL Prob-AD VaD Poss-D p
N = 606 n = 267 n = 198 n = 141

NPI-Sleep/night
time behavior
Mean ± SD 4.09 ± 4.35 3.60 ± 4.34 4.00 ± 4.12 5.14 ± 5.52 0.003
Range 0 – 12.00 0 – 12.00 0 – 12.00 0 – 12.00

NPI-Appetite/eating change
Mean ± SD 1.93 ± 3.36 1.66 ± 3.06 1.86 ± 3.33 2.52 ± 3.84 0.048
Range 0 – 12.00 0 – 12.00 0 – 12.00 0 – 12.00

Homocysteine, �mol/L
Mean ± SD 12.55 ± 8.16 11.46 ± 6.14 13.59 ± 11.02 13.16 ± 6.42 0.012
Range 3.70 – 90.00 3.70 – 49.90 4.80 – 90.00 6.1 – 47.90

Vitamin B12, ng/mL
Mean ± SD 327.50 ± 326.91 296.69 ± 213.41 333.46 ± 217.83 377.35 ± 548.96 0.064
Range 4.00 – 6000.00 4.00 – 2000.00 4.00 – 2000.00 59.00 – 6000.00

Folate, pg/mL
Mean ± SD 10.39 ± 25.63 10.71 ± 33.18 10.79 ± 21.47 9.27 ± 10.67 0.839
Range 2.00 – 443.00 2.00 – 443.00 2.00 – 252.00 2.00 – 100.00

Haemoglobin, g/dL
Mean ± SD 13.44 ± 1.63 13.67 ± 1.60 13.30 ± 1.53 13.19 ± 1.75 0.007
Range 8.00 – 19.00 8.00 – 19.00 10.00 – 17.00 8.00 – 18.00

CRP, mg/dL
Mean ± SD 0.07 ± 0.37 0.04 ± 0.15 0.12 ± 0.60 0.06 ± 0.18 0.090
Range 0 – 6.90 0 – 1.70 0 – 6.90 0 – 1.70

ESR, mm/min
Mean ± SD 28.59 ± 18.72 27.06 ± 15.99 29.44 ± 17.92 30.29 ± 23.84 0.197
Range 2.00 – 174.00 3.00 – 85.00 2.00 – 83.00 2.00 – 174.00

Cholesterol, mg/dL
Mean ± SD 185.28 ± 41.72 190.42 ± 42.78 182.05 ± 41.03 180.11 ± 39.79 0.026
Range 54.00 – 338.00 54.00 – 338.00 71.00 – 305.00 82.00 – 271.00

Triglycerides, mg/dL
Mean ± SD 113.94 ± 57.76 111.16 ± 53.07 115.08 ± 52.91 117.56 ± 71.16 0.543
Range 33.00 – 721.00 36.00 – 519.00 33.00 – 383.00 41.00 – 721.00

Glycemia, mg/dL
Mean ± SD 102.81 ± 37.03 102.20 ± 36.00 101.70 ± 33.23 105.86 ± 43.48 0.535
Range 51.00 – 371.00 64.00 – 298.00 59.00 – 267.00 51.00 – 371.00

Hypertension
Yes – N (%) 485 (80.0) 214 (80.1) 158 (79.8) 113 (80.1) 0.975
No – N (%) 121 (20.0) 53 (19.9) 40 (20.2) 28 (19.9)

Alcohol consumption
Yes – N (%) 27 (4.5) 13 (4.9) 8 (4.0) 6 (4.3) 0.905
No – N (%) 579 (95.5) 254 (95.1) 190 (96.0) 135 (95.7)

Tobacco use
Yes – N (%) 84 (13.9) 37 (13.9) 26 (13.1) 21 (14.9) 0.898
No – N (%) 522 (86.1) 230 (86.1) 172 (86.9) 120 (85.1)

MMSE, Mini-Mental State Examination; FAB, Frontal Assessment Battery; CDT, Clock Drawing Test; ADL, Activities of Daily Living;
IADL, Instrumental Activities of Daily Living; NPI, Neuropsychiatric Inventory; CRP, C-Reactive Protein; ESR, Erythrocyte Sedimentation
Rate.

Besides, Poss-AD patients had a lower level of
hemoglobin (p = 0.007), than other patients. Finally,
Prob-AD patients had a higher level of cholesterol
(p = 0.026).

The groups did not differ in age (p = 0.567), NPI-
Euphoria (p = 0.373), vitamin B12 (p = 0.064),
folate (p = 0.839), CRP (p = 0.090), ESR (p = 0.197),
triglycerides (p = 0.543), glycemia (p = 0.535), alco-
hol consumption (p = 0.905), and tobacco use (p =
0.898).

In Fig. 1, distribution of homocysteine levels
according to the CogI presence/absence and sever-
ity, and dementia types was shown. CogI patients
showed a higher frequency of homocysteine > 10
(OR = 1.782; 95% CI = 1.212–2.620; p = 0.003), than
NoCogI group. According to cognitive impairment
severity, patients with moderate and severe demen-
tia had a higher frequency of homocysteine > 10
(OR = 2.003; 95% CI = 1.509–2.658; p < 0.0001),
than MCI and mild dementia. Moreover, according
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Fig. 1. Distribution of homocysteine levels according to the cognitive impairment presence/absence and severity, and dementia types. CogI,
cognitive impairment; NoCogI, no cognitive impairment; MCI, mild cognitive impairment; Prob-AD, Probable Alzheimer’s disease; VaD,
Vascular dementia; Poss-AD, Possible Alzheimer’s disease.

to dementia types, Poss-AD and VaD had a higher
frequency of homocysteine > 10 (OR = 1.628; 95%
CI = 1.176–2.255; p = 0.003), than Prob-AD patients.

In Fig. 2, the homocysteine > 10 frequency in-
creases with raising of neuropsychiatric symp-
tom severity (OR = 2.043; 95% CI = 1.930–2.157;
p < 0.0001). Likewise, in Fig. 3, homocysteine > 10
frequency is directly proportional to increased func-
tional impairment severity, respectively for ADL
(OR = 1.022; 95% CI = 0.930–1.113; p < 0.0001),
and IADL (OR = 1.330; 95% CI = 1.212–1.448; p <
0.0001). In Table 3, considering homocysteine levels
and MMSE, NPI, ADL, and IADL scores as con-
tinues variables, it emerged that hyperhomocysteine

seems to be a risk factor for cognitive impairment
(MMSE: OR = 21.378; 95% CI = 20.557–22.200;
p < 0.0001), neuropsychiatric symptoms (NPI: OR =
31.673; 95% CI = 28.587–34.759; p < 0.0001), and
functional impairment (respectively, ADL: OR =
4.972; 95% CI = 4.770–5.173; p < 0.0001, and IADL:
OR = 5.018; 95% CI = 4.603–5.432; p < 0.0001).

DISCUSSION

Cognitive impairment is a chronic process that
results from the interaction of multiple factors. All
possible modifiable risk factors should be explored.
There are numerous recent works attesting to a
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%

Fig. 2. Distribution of homocysteine levels according to the neuropsychiatric symptom (NS) severity evaluated by Neuropsychiatric Inventory
(NPI).

Fig. 3. Distribution of homocysteine levels according to the functional impairment (FI) severity evaluated by Activity of Daily Living (ADL)
and Instrumental Activity of Daily Living (IADL).

link between hyperhomocysteinemia and cognitive
impairment [19, 52–58]. Among all the known dam-
age mechanisms, we are convinced of the importance
of homocysteine [28]. For this reason, we have dosed
levels in our patient population. This study explores
the relationship of plasma homocysteine levels with
cognitive impairment and its psychobehavioral and
functional complications. We have already said that
development of cognitive impairment is a multi-
factorial condition, therefore the best approach to
preventing dementia is to identify modifiable risk

factors. Homocysteine is an important risk factor
but, interestingly, manageable given that plasma lev-
els can be controlled through adequate nutritional
and lifestyle interventions. Our work was inspired
by recent conclusions from a panel of experts on
the evidence concerning the causal role of raised
homocysteine in dementia. They conclude that raised
homocysteine is a strong and modifiable risk fac-
tor for cognitive impairment [59]. It is necessary to
define the threshold value of homocysteine beyond
which the harmful effect on the vascular and neuronal
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tissue becomes important. Knowing this certainly
helps us to take clinical action to reduce the risk. We
studied the different proposals regarding the thresh-
old value to be used in clinical prevention [60–62].
After analyzing our data, we propose 10 �mol/L as
the plasma homocysteine threshold value. In fact, our

results show that beyond this value, the risk of cogni-
tive impairment increases (p = 0.003). Patients were
studied for degree of severity and type of diagnosis.
Higher homocysteine values are associated with mod-
erate and severe dementia (p < 0.0001), and Poss-AD
and VaD (p = 0.003) than Prob-AD. This data is in

Table 3
Logistic Regression P-P normality plot Standardized residual of homocysteine levels as continue variable related to cognitive, neuropsychiatric

and functional scores

OR 95% CI p

MMSE 21.378 20.557–22.200 < 0.0001

NPI 31.673 28.587–34.759 < 0.0001

ADL 4.972 4.770–5.173 < 0.0001
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Table 3
(Continued)

OR 95% CI p

IADL 5.018 4.603–5.432 < 0.0001

MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric Inventory; ADL, Activities of Daily Living; IADL, Instrumental Activities
of Daily Living.

line with current knowledge according to which vas-
cular damage mechanisms also play a decisive role
in the possible forms of AD [63].

Many patients in our population show psychobe-
havioral disorders often related to the severity of
the cognitive deficit. These patients are characterized
by generally higher levels of homocysteinemia and
the same thing happens with patients with functional
impairment regardless of severity of cognitive impair-
ment. Accordingly, homocysteine > 10 frequency is
appeared directly proportional to increased neu-
ropsychiatric symptom severity (p < 0.0001), and
functional impairment severity respectively for ADL
(p < 0.0001) and IADL (p < 0.0001).

The association of hyperhomocysteinemia with
neuropsychiatric disorders from an early age is
known, and even in our population this data has been
found.

In its entirety, the functional ability is the over-
all integrity outcome of the neuromuscular systems
closely related to the muscular system integrity of
which, as already mentioned, homocysteine is an
endothelial damage marker. Functional ability is the
result of the contemporary integrity of cognitive and
neuromuscular functions. In the absence of one of the
two functions, the patient will still experience a state
of neurocognitive or neuromuscular disability.

Some limitations of the present study must
be acknowledged. The follow-up on homocysteine
levels and worsening of cognitive impairment, par-
ticularly in mild forms, is missing. Furthermore, the
study population comprising only Caucasian patients

recruited in a single center, so it could be possible that
our results may not be applicable in other populations.

To conclude, based on information from numerous
studies according to which having a low homocys-
teine level is protective against a risk of cognitive
impairment or slows down the aggravation, we want
to suggest that screening and treatment should be
done much before the age of 65.
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