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A B S T R A C T   

High levels of blood homocysteine (HCy), a well-known cardiovascular risk factor and promoter of oxidative 
stress, have been associated with the incidence of cognitive impairment and dementia. Nonetheless, contrasting 
data are still present on its involvement in the progression from Mild Cognitive Impairment (MCI) to overt 
dementia. 

In this study we aimed to observe whether blood HCy level are associated with the evolution from MCI, 
divided into amnestic MCI (aMCI) and non-amnestic MCI (naMCI), to dementia. 

Blood HCy was measured in 311 MCI subjects (aMCI: 64%, naMCI: 36%) followed-up for a median of 33 
months (range 10–155 months). At follow-up, 137 individuals converted to dementia (naMCI, n = 34; aMCI, n =
103). Based on HCy distribution, subjects in the highest tertile had a greater risk to convert to dementia 
compared to tertile I (Hazard Ratio (95% confidence interval): 2.25 (1.05–4.86); p = 0.04). aMCI subjects did not 
show increased risk to convert to dementia with increasing HCy concentration, but was significant in naMCI (p =
0.04). We observed a non-significant increase in the risk of progression to dementia from naMCI/low HCy 
(reference group, HCy cutoff value = 16 μmol/L) to naMCI/high HCy, but it was significant from aMCI/low HCy 
(HR: 2.73; 95%CI: 1.06–7.0; p:0.03), to aMCI/high HCy (HR: 3.24; 95%CI: 1.17–8.47; p:0.02). 

Our results suggest that HCy levels are associated with the progression from MCI to dementia. This association 
seems significant only for the naMCI group, indirectly supporting the notion that hyperhomocysteinemia dam
ages the nervous system through its role as a vascular risk factor.   

1. Introduction 

Mild cognitive impairment (MCI) is an intermediate stage in the 
trajectory from normal cognition to dementia: compared to normal in
dividuals, subjects with MCI usually have a higher rate of progression to 
dementia over a relatively short period (Roberts and Knopman, 2013). 
The criteria for MCI diagnosis are the presence of a cognitive impair
ment, an objective evidence of impairment in cognitive domains, 
essentially normal functional activities, and absence of dementia 
(Petersen, 2004). A presentation with memory impairment is typical of 
the amnestic MCI (aMCI), whereas non-amnestic MCI (naMCI) is char
acterized by the presence of impairment in non-memory cognitive do
mains, in the absence of memory deficits (Roberts and Knopman, 2013). 

The issue of the progression from MCI to dementia is crucial; most of 
the studies report a rate of progression from 20 to 40% (about 10–15%/ 
year) (Roberts and Knopman, 2013; Zuliani et al., 2021). In general, the 
majority of subjects with MCI remain in MCI state or progress to de
mentia, whereas a small percentage may even revert to normal cogni
tion. Amnestic MCI progress mostly to Alzheimer’s disease (AD), while 
naMCI usually progress to non-AD forms of dementia, included vascular 
dementia (VD) (Roberts and Knopman, 2013). Several risk factors have 
been associated with the conversion from MCI to dementia including 
older age, lower cognitive performance, memory loss or aMCI, multiple 
domain MCI, lower education, stroke, cardiovascular risk factors, 
depression, and perhaps female gender (Roberts and Knopman, 2013; 
Zuliani et al., 2021). 
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High levels of blood homocysteine (HCy) have been associated with 
the incidence of cognitive impairment and dementia (Seshadri et al., 
2002), and HCy is currently considered a possible marker of oxidative 
stress, with broad vascular and cognitive implications (Malouf et al., 
2003). We have previously found that, in elderly individuals referred to 
a memory clinic, high levels of HCy were basically associated with VD, 
although a similar (not significant) trend was observed for late onset AD 
(LOAD) (Cervellati et al., 2014). In addition, we demonstrated that 
hyperhomocysteinemia was associated with worse cognitive and func
tional status, independently from B group vitamins deficiency (Bonetti 
et al., 2015). The prevalence of dementia was higher in subjects with 
hyperhomocysteinemia, apparently due to a higher prevalence of VD 
and mixed dementia (Bonetti et al., 2015). 

We hypothesized that high HCy blood levels might be also relevant 
for the progression from MCI to overt dementia. To this aim, we 
analyzed data from a sample of aMCI and naMCI patients and evaluated 
the possible association between HCy blood levels and evolution to 
dementia during follow-up. 

2. Patients and methods 

2.1. Subjects 

The initial sample included 462 elderly (≥65 years) outpatients 
evaluated in the period 2006–2018 at the Department of Internal 
Medicine, S. Anna University Hospital, Ferrara (Italy) or the Memory 
Clinic of Casa Sollievo della Sofferenza, San Giovanni Rotondo, where the 
diagnosis of MCI was made. After the initial examination and diagnosis, 
151 subjects dropped out, while 311 underwent a regular follow-up 
(median: 33 months; range: 10–155 months). MCI was defined as the 
presence of a documented deficit in memory or in another cognitive 
domain, without (single domain) or with (multiple domain) impairment 
in other cognitive domains, in an individual who did not meet the 
criteria for dementia (Petersen, 2004). 

The Mini Mental State Examination (MMSE) (Folstein et al., 1975) 
ranged from 21/30 to 26/30. 

aMCI represented 64% of the sample (n = 198) while the remaining 
36% of subjects (n = 113) had naMCI. At follow-up, 137 individuals 
converted to dementia (n = 34 among naMCI and n = 103 among aMCI). 

For neuropsychological assessment, all MCI patients were given a 
battery of tests. The cognitive functions evaluated were the following: 
verbal memory (Rey’s 15 words test, digit span forward–backward), 
episodic memory (Babcock story recall test), space/time orientation 
(items from MMSE), attention (Trail Making test, backward calculation 
from MMSE), executive functions (Trail Making test, Frontal Assessment 
Battery), constructional and visuospatial functions (Clock Drawing test), 
abstract reasoning (Raven’s progressive matrices), language and 
comprehension (Token test, items from MMSE), verbal fluency (for 
letters and categories), and routine clinical tests for the evaluation of 
agnosia, apraxia, and aphasia. All tests were corrected according to age 
and education and the equivalent score (ES: from 0 to 4) for the Italian 
population was obtained (Spinnler and Tognoni, 1987). aMCI was 
diagnosed in the presence of a deficit (ES = 0) in verbal and/or semantic 
memory. 

Among the 137 MCI converted to dementia, 31% developed LOAD 
(McKhann et al., 2011), 45% “mixed” dementia (dementia with 
clinical-instrumental characteristics of both LOAD and VD), 21% VD 
(Román et al., 1993), and 3% other types of dementia. 

There was no evidence of acute illness at the time of clinical obser
vation and blood sampling. No subject was taking NSAIDS, antibiotics, 
or steroids at the time of recruitment. Personal data and medical history 
(e.g. hypertension, coronary heart disease – CHD, diabetes, chronic 
obstructive pulmonary disease – COPD) were collected by trained 
personnel from eligible patients and/or caregivers. General and neuro
psychological examination including MMSE, basic activities of daily 
living (BADLs) (KATZ et al., 1963), instrumental activities of daily living 

(IADLs) (Lawton and Brody, 1969), and 15 items geriatric depression 
scale (GDS) (Yesavage and Sheikh, 1986) was carried out as previously 
described. Clinical chemistry analyses were routinely performed to 
exclude causes of secondary cognitive impairment. These analyses 
included serum B-12 vitamin and folate, liver, kidney and thyroid 
function tests, blood cell count, and arterial oxygen saturation. Trained 
physicians made the diagnosis of dementia as described elsewhere 
(Zuliani et al., 2007). As part of the diagnostic algorithm, all subjects 
underwent brain MRI or/and FDG-PET. In particular, 302 subjects un
derwent MRI brain scan, 5 subjects underwent only to FDG-PET (due to 
claustrophobia or other contraindications to MRI), whereas 4 subjects 
underwent both procedures for in depth diagnostic analysis. 

The study was approved by the Local Ethic Committee of “Casa 
Sollievo della Sofferenza”, San Giovanni Rotondo (protocol n. 3877/DS) 
and Local Ethic Committee of “Azienda Arcispedale S. Anna”, Ferrara 
(protocol n. 170579). All patients were informed about the research 
project and research protocol. Written consent for research was ob
tained. The research protocol did not modify the routine clinical/diag
nostic protocols implemented for the diagnosis of cognitive impairment/ 
dementia nor conditioned any decision about the treatments of the 
enrolled individuals. The work described has been carried out in 
accordance with The Code of Ethics of the World Medical Association 
(Declaration of Helsinki). 

2.2. Blood sampling and HCy measurement 

Peripheral blood samples were collected by venipuncture into 
Vacutainer® tubes without anticoagulant after overnight fasting. After 
30 min of incubation at room temperature, blood samples were centri
fuged at 4.650×g for 20 min, and sera were collected and stored in 
single-use aliquots at − 80 ◦C until analysis. Serum HCy was measured in 
the Central Laboratory of the S. Anna Hospital of Ferrara by using the 
Liquid Stable (LS) 2-part Homocysteine reagent, Axix-Shield Diagnostic 
Ltd, Dundee, UK. 

2.3. Statistical analysis 

Continuous variables were expressed as mean (standard deviation - 
SD) or median (interquartile range - IQR) when necessary. Means were 
compared by ANOVA (Bonferroni post-hoc test for multiple compari
son). Medians were compared by Mann-Whitney or Kruskal-Wallis tests. 
Proportions were compared by the χ2 test. Hazard Ratios (HR) for con
version to dementia were estimated by Cox proportional hazard 
regression analysis, according to the type of MCI, homocysteine tertiles 
(I tertile: <13 μmol/L; II tertile: ≥13 μmol/L and <19.2 μmol/L; III 
tertile: ≥19.2 μmol/L) or median homocysteine level (16 μmol/L). The 
assumption of proportionality of all variables introduced in the models 
was assessed through the analysis of Schoenfeld residuals. The Cox 
models were adjusted for other factors significantly associated with 
serum homocysteine levels including age, folate and vitamin B-12 levels, 
creatinine and arterial hypertension. 

Analyses were performed by SPSS for Windows statistical package, 
version 13.0. 

3. Results 

3.1. Cross sectional data 

In Table 1 are reported the principal characteristics of the sample 
according to the type of MCI. 

Compared with aMCI, patients with naMCI were characterized by 
higher GDS score, serum uric acid levels, and hsCRP levels. 

In Table 2 are described the main characteristics of the sample 
divided in three groups by serum HCy tertiles. A significant trend toward 
an increase in age, creatinine, and prevalence of arterial hypertension, 
as well as a decrease in serum folate and vitamin B-12 levels was 
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observed switching from tertile I to tertile II to tertile III of HCy. 
In Table 3 are reported the principal characteristics of the sample 

according to their clinical evolution (stable vs. progressed to dementia). 
Compared with stable patients, MCI progressed to dementia were older, 
and had a slightly lower MMSE and GDS score. 

3.2. Longitudinal data - cox multivariate models 

Fig. 1 displays the curves of dementia-free survival in the sample of 
MCI patients divided by tertiles of serum HCy. A trend toward an in
crease in the risk of conversion to dementia was found in subjects 
belonging to tertile II (Hazard Ratio, HR: 1.75; 95% Confidence Interval, 
95% CI: 0.95–3.22; p = 0.07), and tertile III (HR: 2.25; 95% CI: 
1.05–4.86; p = 0.04) compared to tertile I. 

In Fig. 2 are reported the curves of dementia-free survival according 
to type of MCI and HCy tertiles. Among aMCI (Fig. 2A), individuals in 
the II and II tertile of HCy displayed a non-significant increase in the risk 
of conversion to dementia (II tertile, HR: 1.70; 95% CI: 0.83–3.44; p =
0.14; III tertile, HR: 1.74; 95% CI: 0.95–3.36; p = 0.08). On the contrary, 
among naMCI (Fig. 2B) the risk of progression to overt dementia was 
significantly increased only in subjects belonging to tertile III (HR: 11.0; 
95% CI: 1.08–69.5; p = 0.04). 

Finally, Fig. 3 displays the curves of dementia-free survival in the 
whole population according to the combined effect of MCI type and 
“high” or “low” HCy levels, defined using the median as cutoff value (16 
μmol/L; of note, the Ferrara Hospital laboratory cut-off is 15 μmol/L). A 
significant trend toward an increase in the risk of progression to de
mentia was observed from group 1 (naMCI/low HCy – Reference), to 
group 2 (naMCI/high HCy = HR: 1.53; 95% CI: 0.45–5.10; p = 0.35) to 
group 3 (aMCI/low HCy = HR: 2.73; 95% CI: 1.06–7.0; p = 0.03), to 
group 4 (aMCI/high HCy = HR: 3.24; 95% CI: 1.17–8.47; p = 0.02). 

Table 1 
Demographic and clinical characteristics subjects according to the type of MCI.   

amnestic MCI (n =
198) 

non-amnestic MCI (n 
= 113) 

p- 
value 

Age (years) 77.6 ± 5.6 76.3 ± 5.8 0.14 
Sex (Females) 63% 54% 0.11 
Education (years) 5.9 ± 3.4 6.3 ± 3.2 0.77 
MMSE (/30) 24.6 ± 3.2 24.5 ± 2.7 0.62 
GDS (/15)a 4 (2–7) 5 (3–8) 0.02 
BADLs (/6) 5.4 ± 1.0 5.3 ± 1.3 0.11 
IADLs (/8) 5.9 ± 2.4 5.8 ± 2.7 0.40 
HCy (μmol/L)a 16 (12–23) 14 (12–19) 0.20 
Folate (ng/ml)a 5.7 (4.4–8.6) 6.2 (4.7–8.2) 0.38 
Vitamin B-12 (pg/ 

ml)a 
301 (212–440) 310 (245–446) 0.18 

Uric acid (mg/dL) 4.4 ± 0.37 5.4 ± 0.31 0.02 
Albumin (g/dL) 4.0 ± 0.37 4.0 ± 0.31 0.69 
Haemoglobin (g/dL) 13.1 ± 1.5 13.1 ± 1.8 0.72 
Total cholesterol 

(mg/dL) 
204 ± 40 209 ± 45 0.78 

HDL-C (mg/dL) 61 ± 21 59 ± 15 0.20 
Fasting glucose (mg/ 

dL) 
98 ± 19 103 ± 40 0.13 

Creatinine (mg/dL) 0.98 ± 0.29 0.97 ± 0.27 0.49 
hsCRP (mg/L)a 0.15 (0.08–0.35) 0.21 (0.11–0.40) 0.03 
Diabetes 17% 13% 0.36 
Hypertension 57% 62% 0.86 
CHD 14% 14% 0.94 
Stroke 5.8% 3.7% 0.66 

MMSE, Mini Mental State Examination; GDS, Geriatric Depression Scale; BADL, 
Basic Activities of Daily Living; IADL, Instrumental Activities of Daily Living; 
HDL-C, high density lipoprotein-cholesterol; hsCRP, high sensitivity C reactive 
protein; CHD, coronary heart disease; HCy, homocysteine. 

a Median (interquartile range). 

Table 2 
Main characteristics of subjects according to serum HCy tertiles.   

SERUM HOMOCYSTEINE  

I TERTILE (10.1 
± 1.9 μmol/L) 

II TERTILE (15.5 
± 1.8 μmol/L) 

III TERTILE (28.1 
± 1.7 μmol/L) 

Age (years) ◦^§ 74.6 ± 5.6 76.6 ± 4.5 78.5 ± 5.8 
Sex (Females) 65% 52% 50% 
Education (years) 6.6 ± 3.6 5.9 ± 2.6 5.7 ± 2.9 
MMSE (/30) 25.2 ± 3.2 25.0 ± 2.7 24.3 ± 2.8 
GDS (/15)a 5 (2–7.5) 4 (2–6) 4.5 (2–9) 
BADLs (/6) 7.0 ± 0.9 5.9 ± 1.1 5.2 ± 1.2 
IADLs (/8) 5.9 ± 1.6 5.8 ± 2.8 5.8 ± 2.3 
Folate (ng/ml)a $ 7 (5.5–8.9) 6.2 (5.5–8.5) 4.8 (3.9–6.3) 
Vitamin B-12 (pg/ 

ml)a $ 
421 (305–602) 351 (251–456) 264 (197–306) 

Uric acid (mg/dL) 5.1 (3.8–5.9) 4.9 (3.8–6.6) 5.7 (4.7–5.1) 
Albumin (g/dL) 4.0 ± 0.37 4.0 ± 0.31 3.9 ± 0.35 
Haemoglobin (g/ 

dL) 
13.1 ± 1.5 13.1 ± 1.8 12.9 ± 1.3 

Total cholesterol 
(mg/dL) 

210 ± 37 201 ± 42 203 ± 40 

HDL-C (mg/dL) 63 ± 13 61 ± 16 58 ± 17 
Fasting glucose 

(mg/dL) 
105 ± 32 101 ± 45 97 ± 27 

Creatinine (mg/ 
dL)^◦§ 

0.8 ± 0.1 0.9 ± 0.2 1.08 ± 0.34 

HsCRP (mg/L)a 0.17 (0.09–0.26) 0.13 (0.08–0.38) 0.20 (0.10–0.39) 
Diabetes 23% 12% 15% 
Hypertensiona 46% 57% 74% 
CHD 10% 13% 18% 
Stroke 4.9% 6.4% 8.3% 

MMSE, Mini Mental State Examination; GDS, Geriatric Depression Scale; BADL, 
Basic Activities of Daily Living; IADL, Instrumental Activities of Daily Living; 
HDL-C, high density lipoprotein-cholesterol; hsCRP, high sensitivity C reactive 
protein; CHD, coronary heart disease; HCy, homocysteine. 
$χ2 p < 0.01. 
Kruskal Wallis: a vs II Ter p < 0.01; § vs III Ter p < 0.01; ◦ vs I Ter p < 0.01. 

a Median (interquartile range). 

Table 3 
Main characteristics of MCI patients according to evolution towards dementia 
during follow-up (stable vs. converted to dementia).   

MCI   

Stable (n =
174) 

Converted to dementia (n 
= 137) 

p- 
value 

Age 76.6 ± 6.2 78.3 ± 4.7 0.002 
Sex (Females) 54% 58% 0.33 
Education (years) 6.1 ± 3.4 6.0 ± 3.2 0.77 
MMSE 25.2 ± 3.2 24.1 ± 2.8 0.01 
GDS* 5 (3–8) 3 (2–6) 0.008 
BADLs 5.4 ± 1.0 5.4 ± 1.1 0.83 
IADLs 6.3 ± 2.1 5.5 ± 2.5 0.14 
HCy (μmol/L)* 15 (11–20) 16 (13–22) 0.25 
Folate (ng/ml)* 6.0 (4.3–8.9) 6.0 (4.7–7.8) 0.84 
Vitamin B-12 (pg/ml) 

* 
301 (220–451) 310 (224–436) 0.87 

Uric acid (mg/dL) 4.9 ± 0.37 5.1 ± 0.31 0.64 
Albumin (g/dL) 4.0 ± 0.33 4.0 ± 0.34 0.69 
Haemoglobin (g/dL) 13.1 ± 1.4 13.1 ± 1.5 0.89 
Total cholesterol (mg/ 

dL) 
205 ± 40 207 ± 42 0.90 

HDL-C (mg/dL) 59 ± 16 63 ± 27 0.31 
Fasting glucose (mg/ 

dL) 
99 ± 19 102 ± 40 0.29 

Creatinine (mg/dL) 0.98 ± 0.29 0.96 ± 0.27 0.55 
HsCRP (mg/L)* 0.18 

(0.09–0.39) 
0.16 (0.08–0.38) 0.40 

Diabetes 14% 19% 0.18 
Hypertension 58% 57% 0.88 
CHD 14.5% 13.2% 0.90 
Stroke 4.1% 5.1% 0.67 

MMSE, Mini Mental State Examination; GDS, Geriatric Depression Scale; BADL, 
Basic Activities of Daily Living; IADL, Instrumental Activities of Daily Living; 
HDL-C, high density lipoprotein-cholesterol; hsCRP, high sensitivity C reactive 
protein; CHD, coronary heart disease; HCy, homocysteine. 
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4. Discussion 

In recent years, a lot of effort has been made by research to identify 
modifiable risk factors that could prevent or delay the progression of 
MCI to dementia (Campbell et al., 2013). As such, cardiovascular risk 
factors like hypertension and diabetes, as well as small molecules 
including folate, vitamin B12 and HCy have been identified to signifi
cantly impact on the progression from MCI to all-type dementia (Luzzi 
et al., 2022). In particular, increased plasma/serum levels of HCy have 
been reported in MCI patients as well as in those with AD, with an added 
impact on the acceleration of cognitive decline (Farina et al., 2017; 
Oulhaj et al., 2010; Zuin et al., 2021). Nonetheless, the relation between 
MCI and HCy is still controversial, probably due to different ways of 
diagnosing MCI used in published studies (Luzzi et al., 2022) as well as 
to the under categorization of individuals (e.g. not separated in aMCI 
and naMCI). In an attempt to better understand the association between 
HCy and progression to dementia in patients affected by MCI, we set up a 
longitudinal study with a median follow-up of 33 months. Our results 
confirmed that elevated levels of HCy are significantly associated with 

the development of dementia, particularly in patients with naMCI, 
independently from confounding factors (age, folate and vitamin B12 
levels, creatinine and arterial hypertension). In addition, we also found 
that aMCI subjects with HCy levels higher than the median value (>16 
μmol/L) had a greater risk of developing AD when compared with 
naMCI with lower HCy levels. However, even subjects with aMCI but 
low levels of HCy (<16 μmol/L) were at high risk of developing AD 
compared to naMCI/low HCy group. Thus, the association between the 
progression from aMCI to dementia and HCy levels could be mostly 
driven by the amnestic nature of this group of patients, showing a pre
vailing effect. Therefore, this suggests that HCy might have the strongest 
effect in promoting the development of dementia from naMCI, especially 
VD, but could be a weaker determinant for the due-to-aMCI dementia. 
This hypothesis is in line with the observation that naMCI mostly de
velops to VD and other types of dementia (e.g. mixed) (Ferman et al., 
2013). 

Interestingly, at baseline subjects with naMCI had higher uric acid 
and hsCRP than those with aMCI. Uric acid and hsCRP, as well as HCy, 
are well-known cardiovascular risk factors and, more importantly, they 
have been previously associated with dementia, in particular VD. A 
previous work found that MCI patients with high uric acid (>400 μmol/ 
L for men; >360 μmol/L for women), in association with high HCy (>17 
μmol/L), were at higher risk of developing VD (Cervellati et al., 2014). 

Fig. 1. Cox proportion hazard ratio curves for dementia-free survival in MCI 
patients divided by tertiles of serum homocysteine. The statistic model is cor
rected for confounders such as age, folate, vitamin B-12, creatinine and 
hypertension. 

Fig. 2. Curves of dementia-free survival according to type of MCI and homocysteine tertiles. Panel A represent the results obtained in amnestic MCI, whereas panel B 
those from non amnestic MCI. 

Fig. 3. Curves of dementia-free survival in the whole sample according to the 
combined effect of MCI type and “high” or “low” homocysteine levels. High or 
low levels were defined by using as cutoff the median value of homocysteine 
(16 μmol/L). 
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Similarly, a recent meta-analysis related high levels of CRP to the risk of 
conversion to vascular dementia (HR: 2.769, 95 % CI: 1.586–4.83) (Long 
et al., 2023). Thus, our results are in line with the hypothesis that naMCI 
has a greater vascular component than aMCI and may represent a pro
dromal stage of VD or other types of dementia (Ferman et al., 2013). 
Unfortunately, previous works do not detail whether MCI subjects 
belonged to naMCI or aMCI subtype and, therefore, are rather difficult to 
be generalized and applied to the current knowledge on MCI subtypes. 

HCy is connected to dementia by several mechanisms: a) promotes 
neurodegeneration due to the activation of NMDA channels in neurons 
causing excitotoxicity (Lipton et al., 1997); b) stimulates the peroxida
tion of lipids due to oxidative stress which, in turn, increase the pro
duction of inflammatory mediators (McCully, 2016). Ultimately, the 
inflammatory process that establishes within the vascular wall of brain 
microvessels increase the risk of microinfarcts, lacunes, lacunar strokes, 
and leukoaraiosis, factors associated with VD (Pantoni, 2010). 

A further confirmation on the association between HCy and neuro
degeneration comes from brain imaging studies. High serum HCy and 
low folate concentrations were significantly associated with the degree 
of temporal lobe atrophy (Ma et al., 2022), hippocampal atrophy, white 
matter lesions and cerebral lacunar infarcts (Firbank et al., 2010) 
measured by Magnetic Resonance Imaging (MRI). 

Collectively, these data together with evidence from observational 
studies and meta-analyses (Lauriola et al., 2021; Seshadri et al., 2002; 
Zuin et al., 2021) confirm that elevate blood HCy is a risk factor for the 
development of dementia, notion supported also by our results. 
Although the data in literature are still controversial, HCy could also 
play a role also in promoting MCI (Kim et al., 2007). 

Confirming the important role of HCy for dementia progression, a 
recent consensus statement, based on the Bradford Hill statistical 
criteria, concluded that hyperhomocysteinemia may be a modifiable risk 
factor for the development of cognitive decline and dementia (Smith 
et al., 2018). 

However, although the association between HCy, vascular diseases 
and cognitive decline is well established, interventional studies focused 
on lowering HCy levels through B vitamins supplementation for cogni
tive improvement are far from successful. Several randomized inter
ventional clinical trials conducted on both cognitively impaired and 
unimpaired subjects with previous stroke, transient ischemic attack 
(TIA), or small cerebral vessel disease failed to demonstrate a cognitive 
improvement despite a significant decrease in total HCy levels (Hankey 
et al., 2013; Stott et al., 2005; Ting et al., 2017). Therefore, while these 
aforementioned pathologies are considered antecedent factors of 
vascular dementia, and naMCI is characterized by a strong vascular 
component, further trials are necessary to confirm whether B vitamin 
supplementation can effectively slow or prevent the conversion to de
mentia in this particular subset of high-risk patients. Such trials would 
help to confirm a causative relationship between high HCy levels and 
dementia in naMCI subjects. 

This study is not without limitations. First, HCy levels were not 
measured in cognitively normal controls and thus we were not able to 
assess whether this amino acid could have a differential impact on the 
diagnosis of aMCI or naMCI. Second, with only the baseline measure
ment we were unable to assess the trend of HCy levels in subjects con
verting or not converting to dementia. Finally, the relatively small size 
of the study population may limit the possible generalization of our 
results to larger populations. 

5. Conclusions 

The results of our study underline how elevated HCy levels are 
related with the progression from MCI to dementia. This result is 
consistent with the potential role of HCy in promoting 
neurodegeneration. 

Considering MCI in general (both amnestic and non-amnestic type), 
the conversion is particularly accentuated for higher HCy values, but the 

progression seems significant only for those belonging to the naMCI 
group. This indirectly supports the notion that hyperhomocysteinemia 
damages the nervous system through its role as a vascular risk factor, 
which appears to be prominent in the etiopathogenesis of naMCI. 
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