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Table 2: Serum 25-hydroxyvitamin D concentrations in healthy subjects, individuals with mild cognitive impairment, Alzheim-
er’s disease, individuals with mild cognitive impairment after the follow-up examination, and individuals with mild cognitive 
impairment who progressed to Alzheimer’s disease after the follow-up examination.

HS MCI p value aOR (95 CI) p value
25(ΟΗ)D (ng/mL) 18.97 ± 8.34 16.00 ± 8.81 0.012 0.96 (0.92-0.99) 0.006
25(ΟΗ)D, n (%) 0.015
<10 ng/mL 18 (17.5) 32 (29.4) 3.22 (1.46-7.12) 0.004
10 – 20 ng/mL 45 (43.7) 53 (48.6) 2.02 (1.05-3.87) 0.034
>20 ng/mL 40 (38.8) 24 (22.0) Reference

HS AD p value aOR (95 CI) p value
25(ΟΗ)D (ng/mL) 18.97 ± 8.34 12.88 ± 7.68 <0.001 0.92 (0.89-0.95) <0.001
25(ΟΗ)D, n (%) <0.001
<10 ng/mL 18 (17.5) 62 (44.9) 4.96 (2.37-10.39) <0.001
10 – 20 ng/mL 45 (43.7) 52 (37.7) 1.99 (1.05-3.78) 0.036
>20 ng/mL 40 (38.8) 24 (17.4) Reference

MCI AD p value aOR (95 CI) p value
25(ΟΗ)D (ng/mL) 16.00 ± 8.81 12.88 ± 7.68 0.003 0.95 (0.92-0.98) 0.003
25(ΟΗ)D, n (%) 0.044
<10 ng/mL 32 (29.4) 62 (44.9) 1.98 (0.98-4.07) 0.062
10 – 20 ng/mL 53 (48.6) 52 (37.7) 1.00 (0.50-1.99) 0.998
>20 ng/mL 24 (22.0) 24 (17.4) Reference

MCI remained MCI to AD p value aOR (95 CI) p value
25(ΟΗ)D (ng/mL) 17.62 ± 6.84 14.62 ± 6.92 0.028 0.90 (0.83-0.96) 0.003
25(ΟΗ)D, n (%) 0.032
<10 ng/mL 10 (23.3) 22 (33.3) 6.11 (1.76-21.23) 0.004
10 – 20 ng/mL 18 (41.9) 35 (53.0) 4.56 (1.51-13.79) 0.007
>20 ng/mL 15 (34.9) 9 (13.7) Reference

Values are given as numbers and percentage in brackets or mean ± standard deviation, 25(OH)D: 25-hydroxyvitamin D, HS: healthy subjects, 
MCI: individuals with mild cognitive impairment, AD: individuals with Alzheimer’s disease, remained MCI: individuals with mild cognitive 
impairment after the follow-up examination, MCI to AD: individuals with mild cognitive impairment who progressed to Alzheimer’s disease 
after the follow-up examination, 95 CI: 95 % confidence interval, aOR: adjusted odds ratio for age, season of blood collection, educational 
status, sex, body mass index (BMI) and the presence of vascular risk factors included hypertension or/and diabetes.

Table 3: Receiver operating characteristic analysis for the evaluation of the diagnostic significance of serum 25-hydroxyvitamin 
D concentrations for (i) mild cognitive impairment and (ii) Alzheimer’s disease.

(i) HS vs MCI p value (ii) HS vs AD p value

AUC (95 % CI) 0.598 (0.522 - 0.675) 0.013 0.696 (0.630 - 0.762) <0.001
Cut-off ≤ 18.35 ≤ 13.95
Sensitivity (%) 70.6 (61.2 - 79.0) 62.3 (53.7 - 70.4)
Specificity (%) 51.5 (41.4 - 61.4) 68.9 (59.1 - 77.7)
PPV (%) 60.6 (55.0 - 66.0) 72.9 (66.2 - 78.7)
NPV (%) 62.4 (54.0 - 70.1) 57.7 (51.5 - 63.7)
Overall agreement (%) 61.3 (54.4 - 67.9) 65.2 (58.8 - 71.2)
Cohen’s kappa 0.222 0.001 0.305 <0.001
OR (95 % CI) 2.55 (1.45 - 4.49) 0.001 3.67 (2.14 - 6.30) <0.001

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

ng/ml, which yielded a low sensitivity of 50.0 % and a 
moderate specificity of 71.6 % (Table 4). 

Sixty-six (60.6 %) patients with MCI converted to 
AD during the follow-up time. Patients with MCI who 
converted to AD had significantly decreased serum 
25(OH)D concentrations when compared to patients who 
remained with MCI (p =0.028) (Table 2). After adjusting 
for potential confounders, multivariate analysis revealed 
an increase of vitamin D concentration by one ng/mL in 

an individual with MCI reduces the risk of conversion to 
AD by 10 % (aOR =0.90, 95 % CI =0.83-0.96, p =0.003). 
Multivariate logistic regression analysis also showed that 
independent determinants for conversion from MCI to 
AD were male gender (p =0.020), MMSE (p <0.001), 
CAMGOG (p =0.024), as well as medium (p =0.046) and 
high (p =0.076) education level (Table 5). Based on the 
ROC curve, the optimal cut-off point for the discrimina-
tion of patients with MCI who progressed or not to AD 




