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was 14.90 ng/ml. This resulted in low sensitivity of 57.6 
% and a moderate specificity of 67.4 % (Table 4). 

Additionally, vitamin D deficiency (<20ng/ml) was 
more frequent in MCI than HS (p=0.015), in AD than HS 
(p<0.001), in AD than MCI (p=0.003), and in individu-
als with MCI who converted to AD compared to those 
who remained MCI (p=0.032). In particular, adjusting for 
all potential confounders, multivariate logistic regression 
analysis revealed that severe 25(OH)D deficiency (<10 
ng/ml) was associated with a 3-fold increase in the odds 
of MCI (aOR =3.22, p =0.004), a 5-fold increase in the 
odds of AD (aOR =4.96, p <0.001) and a 6-fold increase 
in the odds of conversion from MCI to AD (aOR =6.11, 
p =0.007) (Table 2). 

Serum 25(OH)D concentrations were higher in the 
samples collected during summer or autumn, according 
to the correlation of serum concentrations of 25(OH)
D with participants’ characteristics. However, this dif-
ference reached statistical significance among HS (p 
<0.001) and AD patients (p =0.002) but not in individu-
als with MCI (p =0.423). Furthermore, serum concentra-
tions of 25(OH)D were negatively correlated (r =-0.229, 
p =0.020) with age among HS. No other statistically sig-
nificant associations were found.

Discussion
In our study, patients with MCI and AD demonstrated 

significantly lower serum concentrations of 25(OH)D 
HS. In particular, an increase of vitamin D concentration 
by one ng/mL reduces the risk of MCI by 4 % and the 
risk of AD by 8 %. These results confirm recent data from 
systematic reviews and meta-analysis from case-control, 
cross-sectional, and cohort studies that found serum 
levels of 25(OH)D to be inversely related to the risk of 
dementia and AD, although reverse causality remains a 
possibility6,7.

Moreover, in the longitudinal component of the cur-
rent study, we observed negative relation between con-
centrations of 25(OH)D and the risk of incidence AD 
among the MCI population. This association remained 
robust after adjustment for a variety of potential con-
founders. In particular, an increase of vitamin D concen-
tration by one ng/mL reduces the risk of conversion to 
AD by 10 %. To date, there is insufficient data to investi-
gate the association between concentrations of vitamin D 
in MCI individuals and the risk of AD.

However, according to two extensive previous pro-
spective population-based studies for dementia with 
long-term follow-up, an association between vitamin D 
deficiency and an enhanced risk for all-cause dementia 

Table 4: Receiver operating characteristic analysis for the evaluation of the discrimination ability of serum 25-hydroxyvitamin 
D concentrations of (i) mild cognitive impairment from Alzheimer’s disease and (ii) mild cognitive impairment progressed or 
not to Alzheimer’s disease.

(i) MCI vs AD p value (ii) MCI remained vs MCI 
conversed to AD p value

AUC (95 % CI) 0.601 (0.530 - 0.672) 0.007 0.631 (0.522 - 0.739) 0.022
Cut-off ≤ 11.10 ≤ 14.90
Sensitivity (%) 50.0 (41.4 - 58.6) 57.6 (44.8 - 69.7)
Specificity (%) 71.6 (62.1 - 79.8) 67.4 (51.5 - 80.9)
PPV (%) 69.0 (61.3 - 75.8) 73.1 (62.7 - 81.4)
NPV (%) 53.1 (48.0 - 58.1) 50.9 (42.2 - 59.5)
Overall agreement (%) 59.5 (53.1 - 65.7) 61.5 (51.7 - 70.6)
Cohen’s kappa 0.208 0.001 0.237 0.011
OR (95 % CI) 2.52 (1.48 - 4.29) 0.001 2.81 (1.26 - 6.28) 0.011

MCI: individuals with mild cognitive impairment, AD: individuals with Alzheimer’s disease, AUC: area under the curve, CI: confidence inter-
val, PPV: positive predictive value, NPV: negative predictive value, OR: odds ratio.

Table 5: Results of multivariate logistic regression analysis for the prediction of the progression from mild cognitive impairment to 
Alzheimer’s disease.

b Coefficient Standard error aOR 95 % CI p value

Constant 24.395 5.206
Male gender 1.356 0.581 3.88 1.24-12.12 0.020
MMSE -0.682 0.178 0.51 0.36-0.72 <0.001
CAMGOG -0.057 0.025 0.95 0.90-0.99 0.024
Education level
Low
Medium -1.682 0.843 0.19 0.04-0.97 0.046
High -1.600 0.902 0.20 0.03-1.18 0.076
25(ΟΗ)D -0.112 0.033 0.90 0.83-0.96 0.003

MCI: individuals with mild cognitive impairment, AD: individuals with Alzheimer’s disease, aOR: adjusted odds ratio, CI: confidence 
interval, MMSE: Mini Mental State Examination, CAMCOG: Cambridge Cognition Examination, 25(OH)D: 25-hydroxyvitamin D.




