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medium: finished elementary school/some secondary 
school, high: completed high school), sex, body mass in-
dex (BMI; kg/m2), and presence of vascular risk factors 
included hypertension (≥140 or 90 mmHg for systolic or 
diastolic blood pressure respectively, or use of antihy-
pertensive drugs) and/or diabetes (fasting serum glucose 
of ≥126 mg/dL or use of insulin or oral hypoglycemic 
agents, according to the Hellenic Diabetes Association 
guidelines, 2017).  

Statistical analysis
We analyzed data with the IBM SPSS Statistics for 

Windows, Version 19.0 (IBM Corp., Armonk, NY, USA). 
We used the Kolmogorov-Smirnov test to determine the 
normality of quantitative variables. The qualitative vari-
ables are reported as frequencies and percentages (%), 
while the quantitative variables are presented as mean 
values ± standard deviation (SD). Regarding demo-
graphics, clinical characteristics, and serum 25(OH)D 
concentrations, to assess differences between HS, indi-
viduals with MCI, and patients with AD, the Student’s 
t-test, chi-square test, and analysis of variance (ANOVA) 
were used. Pearson’s r correlation coefficient was used to 
assess the linear relation between serum 25(OH)D con-
centrations and the subjects’ quantitative characteristics. 
Receiver operating characteristic (ROC) analysis was 
utilized to evaluate the diagnostic significance of serum 
25(OH)D concentrations. The area under the ROC curve 
(AUC), sensitivity, specificity, positive and negative pre-
dictive values were calculated, and the Cohen’s kappa 
was used to assess agreement. The optimal cut-off values 
were derived according to the Youden Index. Multivari-
able logistic regression models were used to calculate 
odds ratios (OR) and 95% confidence intervals (CI) as 
the measure of the association between serum 25(OH)D 
concentrations and the prevalence of MCI, AD, and the 
MCI conversion to AD, controlling for age, the season 

of blood collection, educational status, sex, BMI, and the 
presence of vascular risk factors included hypertension 
or/and diabetes. All tests were two-tailed, and p values 
<0.05 were considered statistically significant.  

Results
The demographic and clinical characteristics of HS, 

individuals with MCI, and patients with AD are presented 
in Table 1. We did not find any statistically significant 
differences regarding gender, age, BMI, vascular risk fac-
tors and seasonal collection of blood between the groups. 
The scores of CAMCOG and MMSE were statistically 
decreased in MCI and AD patients compared to HS, and 
in AD compared to MCI patients. In contrast to HS, se-
rum 25(OH)D concentrations were significantly lower 
in patients with AD (p <0.001) and in individuals with 
MCI (p =0.012) (Table 2). Controlling for the effect of 
all possible confounders, multivariate analysis revealed 
that an increase of vitamin D concentration by one ng/
mL reduces the risk of MCI by 4 % [adjusted odds ratio 
(aOR) =0.96, 95 % confidence interval (CI) =0.92-0.99, p 
=0.006] and the risk of AD by 8 % (aOR =0.92, 95 % CI 
=0.89-0.95, p <0.001). The results of the ROC analysis 
revealed that the optimal cut-off points for the discrimi-
nation of MCI and AD patients from HS were 18.35 ng/
ml and 13.95 ng/ml, respectively, which yielded moder-
ate sensitivities (70.6 % and 62.3 %, respectively) and 
specificities (51.5 % and 68.9 %, respectively) (Table 3). 

When compared to individuals with MCI, serum 
25(OH)D concentrations were considerably lower in AD 
patients (p =0.003) (Table 2). After adjusting for poten-
tial confounders, multivariate analysis revealed that an 
increase of vitamin D concentration by one ng/mL in an 
individual with MCI reduces the risk of progression to 
AD by 5 % (aOR =0.95, 95 % CI =0.92-0.98, p =0.003). 
Based on the ROC curve, the optimal cut-off point for 
the discrimination of AD from MCI patients was 11.10 

Table 1: The demographic and clinical characteristics of healthy subjects, individuals with mild cognitive impairment and 
Alzheimer’s disease who were included in the study. 

Characteristic HS MCI AD HS vs MCI* HS vs AD* MCI vs AD*

Number 103 109 138
Male gender 50 (48.5) 46 (42.2) 61 (44.2) 0.354 0.504 0.753
Age (years) 74.00 ± 5.41 74.52 ± 5.48 75.51 ± 6.72 0.488 0.214 0.062
BMI (kg/m2) 27.87 ± 2.21 27.74 ± 2.84 27.21 ± 3.09 0.697 0.394 0.168
Education level 0.572 0.132 0.122
Low 15 (14.6) 19 (17.4) 34 (24.6)
Medium 52 (50.5) 59 (54.1) 57 (41.3)
High 36 (35.0) 31 (28.4) 47 (34.1)
VRF (%) 26 (25.2) 27 (24.8) 34 (24.6) 0.937 0.914 0.981
CAMGOG 84.23 ± 9.21 80.69 ± 12.19 64.36 ± 16.98 0.018 <0.001 <0.001
Season tested 25(OH)D 0.222 0.169 0.930
Winter-Spring 49 (47.6) 61 (56.0) 78 (56.5)
Summer-Autumn 54 (52.4) 48 (44.0) 60 (43.5)
MMSE 27.88 ± 1.54 26.03 ± 2.14 16.36 ± 5.51 <0.001 <0.001 <0.001

Values are given as numbers and percentage in brackets or mean ± standard deviation, HS: healthy subjects, MCI: individuals with mild 
cognitive impairment, AD: individuals with Alzheimer’s disease, *: p values, BMI: body mass index, VRF: vascular risk factors, CAMCOG: 
Cambridge Cognition Examination, 25(OH)D: 25-hydroxyvitamin D, MMSE: Mini Mental State Examination.




