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   ABSTRACT 

 
Background: The role of vitamin D toward cog-
nitive function is as neuroprotective in which vi-
tamin D will increase neurotrophic factor produc-
tion which contributes to supporting neuron life 
sustainability, development, and function. The 
study aims to analyze the association between 
calcidiol serum level and cognitive functions of 
geriatric patients. 
Subjects and Method: A cross-sectional study 
was conducted at Geriatric Polyclinic of dr. Moe-
wardi Hospital, Surakarta. A sample of 30 geria-
tric patients was selected randomly. The depen-
dent variable was cognitive functions (MMSE 
score). The Independent variable was calcidiol 

serum level. The data were analyzed by Spearman 
test. 
Results: There was no difference of calcidiol se-
rum level with MMSE score (OR= 1; p= 0.478). 
Conclusion: There was no difference in calcidi-
ol serum level with MMSE score. 
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BACKGROUND 

The prevalence of elderly over 60 years of age 

is increasing faster than the population of ot-

her age groups because of the increase in life 

expectancy rate and the decline in birth rate. 

Global demography data indicates the popu-

lation of the elderly over 60 years of age trip-

les within 50 years. From 600 million in 

2000 to become more than 2 billion in 2050. 

The elderly population in Indonesia is the top 

five in the world. 18.1 million in 2010 and it 

will double into 36 million in 2025. Indone-

sia life expectancy rate reached 67.8 years in 

2000-2005 and is turning into 73.6 in 2020-

2025. The proportion of the elderly increased 

to 6% in 1950-1990 and 8% today. The pro-

portion is estimated will increase to 13% in 

2025 and 25% in 2050. In 2050 a quarter of 

the Indonesian population will be elderly, 

compares to one-twelfth of the Indonesian 

population today (Setiati et al., 2011). 

Population-based study toward the el-

derly over 65 years of age in Europe and the 

USA indicates that vitamin D deficiency is 

commonly found although the level may 

differ in each country. For example the data 

from Health Survey for England (HSE) 2005 

reveals that the majority of elderly over 65 

years of age (n = 2070) have calcidiol serum 

level < 50 nmol/L (male: 49%, female: 58%), 

and < 25 nmol/L (male: 8%, female: 14%). In 

the Netherlands, the result of calcidiol serum 

level examination among respondents who 

participated in Longitudinal Aging Study 
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Amsterdam (LASA), also indicates the low 

level < 50 nmol/L in 48,4% and < 25 nmol/L 

in 11,5% respondents. In the USA, the data 

obtained from National Health and Nutrition 

Examination Survey (NHANES) 2000 - 2004 

indicates that one forth male (50-69 years: 

27%; ≥70 years: 27%) and one-third female 

(50-69 years: 36%; ≥70 years: 34%).  

Cognitive function impairment among 

the elderly is one of the serious health prob-

lems in developed as well as developing 

countries, such as Indonesia. It is caused by 

the more surfacing degenerative diseases and 

the increasing life expectancy age. Prevalence 

study indicates that in the USA, among the 

population of over 65 years of age, the per-

centage of people with Alzheimer (the major 

cause of dementia), doubles with every 5 

years of increase in age. Without adequate 

prevention and medication, the number of 

patients in the country will be increasing 

from 4.5 million in 2000 to 13.2 million in 

2050. The cost spent on patients treatment is 

also fantastic, around US$ 83.9 billion to 

US$ 100 billion per year (data in the USA 

year 1996). The cost includes medical cost, 

long term treatment cost, home treatment 

cost, and lost productivity cost (Setiati et al., 

2011).  

A meta-analysis study conducted in 

2017 indicates a hypothesis that calcidiol 

level ≤25 nmol/L increases dementia risk, es-

pecially among adults and patients over 65 

years of age (Sommer et al., 2017). Hypovita-

minosis D is commonly seen among adults 

and patients over 65 years of age. They show 

signs of dementia and cognitive impairment 

(Annweiler et al., 2016). 

Several biological mechanisms can ela-

borate the association between vitamin D de-

ficiency and the incidence of cognitive func-

tion impairment among elderly patients. 

Vitamin D is neuroprotective since it affects 

neurogenesis, calcium homeostasis, neuro-

trophic factors expression, detoxification, 

amyloid-beta clearance. It is discovered that 

VDR is found in many organs, including the 

brain. Subsequently, it is discovered also that 

VDR and enzyme responsible for active vita-

min development in the human brain, 1α-

hydroxylase, are widespread in neuron and 

glial cells inside the brain hemisphere that 

functions for cognitive. Furthermore, the 

newest evidence indicates that variation of 

VDR gen such as Bsml, polymorphism Taql, 

can affect the possibility of cognitive function 

decline in the elderly. Vitamin D also stimu-

lates phagocytosis and amyloid-beta clear-

ance (a marker of pathology lesion in Alzhei-

mer's disease) by macrophages and protects 

the macrophages from apoptosis in Alzhei-

mer patients. 

The study aims to analyze the asso-

ciation between Vitamin D serum (calcidiol) 

level and cognitive functions of geriatric pa-

tients. Vitamin D in the study was in the form 

of 25-(OH)-D or calcidiol. Calcidiol serum le-

vel is an indicator of individual Vitamin D 

status. 

 

SUBJECTS AND METHOD 
1. Study Design 

A cross-sectional study was conducted in 

Internal Medicine of Faculty of Medicine, 

Universitas Sebelas Maret, Surakarta/ Dr. 

Moewardi Hospital, Surakarta, Central Java, 

from July to November 2019. 

2. Population dan Sample 

A total of 30 geriatric patients who come for 

regular check-ups each month to Geriatric 

polyclinic was selected randomly. 

3. Study Variables 

The dependent variable was cognitive func-

tions. The independent variable was calcidiol 

serum level.  

4. Operational Definition of Variables 

Cognitive functions were a conscious 

mental activity such as thinking, remember-

ing, and language proficiency. The Mini-

Mental State Examination (MMSE) or Fol-
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stein test is a 30-point questionnaire that is 

used extensively in clinical and research sett-

ings to measure cognitive impairment. The 

measuring scale used was continuous. 

Calcidiol serum was defined as calcidiol is 

a prehormone that is produced in the liver by 

hydroxylation of vitamin D3 (cholecalciferol) 

by the enzyme cholecalciferol 25-hydroxy-

lase. This metabolite can be used to deter-

mine a vitamin D status. Calcidiol serum le-

vel was measured by a laboratory test. The 

measurement scale was continous. 

5. Study Instruments 

A blood sample is put into a coded centrifuge 

tube and left frozen. The frozen blood sample 

was then rotated for 5–10 minutes at a speed 

of 4000 rpm. Blood processing for its plas-

ma, the storage at a temperature of –200C, 

and its investigation were conducted in a 

collaboration with Prodia Clinical Labora-

tory. 

6. Data Analysis 

Correlation of Vitamin D level and cognitive 

impairment was analyzed by Spearman test.  

 

RESULTS 
A. Sample Characteristics  

Table 1 showed sample characteristics. Table 

2 showed percentage of calcidiol serum level 

and MMSE score. The majority of the study 

subjects were at age 65 years (80%), had 

education Junior High School (33.3%), over-

weight (60%), suffered from calcidiol insuffi-

ciency (83.3%), and included in a group with 

probable MCI/VCI (56.67%). 

 

Table 1. Sample Characteristics 

Characteristics  Quantity (n) Percentage 
Age 46-55 years 1 3.3% 

56-65 years 5 16.7% 
≥65 years 24 80% 

Education Elementary School 5 16.7% 
Junior High School 10 33.3% 
High School 8 26.7% 
Bachelor’s Degree 7 23.3% 

Body Mass Index Underweight 1 3.3% 
Normal 9 30% 
Overweight 18 60% 
Obese 2 6.7% 

 

Table 2. Percentage of calcidiol serum level and MMSE score 

Variables Categories n % 
Calcidiol serum 

level 
Deficiency<10 ng/mL 5 16.7 
Insufficiency 10-29.9 ng/mL 25 83.3 
Normal 30-100 ng/mL 0 0 

MMSE Score Probable Dementia, score <24 6 20 
 Probable  MCI/VCI, score 24-28 17 56.67 
 Normal, score ≥28 7 23.33 

 

B. The result of bivariate analysis   

Table 3 showed spearman correlation test on 

vitamin D level and cognitive impairment. 

Table 3 reported that there was no difference 

of calcidiol serum level with MMSE score 

(OR= 1; p= 0.478). 
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Table 3. Spearman Correlation Test on Vitamin D Level and Cognitive Impairment  

Calcidiol Serum Level 

Cognitive Function 

OR p MCI/VCI <24 MCI/VCI ≥24 

n % n % 
Deficiency<10 ng/mL 1 20 4 80 1 0.478 

Insufficiency 10-29.9 ng/mL 5 20 20 80   

 

DISCUSSION 
The study result indicated that there was no 

difference between calcidiol serum level and 

cognitive function. The study result is not in 

line with several previous studies that con-

cluded there was an increase in the risk of 

cognitive function impairment among geria-

tric patients with low serum calcidiol serum 

level. A meta-analysis study in 2017 revealed 

a hypothesis that calcidiol concentration ≤25 

nmol/L increased the risk of dementia espe-

cially among adults and patients over 65 

years of age (Sommer et al., 2017). Hypovita-

minosis D was commonly observed among 

adults and patients over 65 years of age, 

where they showed dementia and cognitive 

impairment signs (Annweiler et al., 2016). 

Based on the literature, vitamin D is an 

important micronutrient for bone growth and 

calcium homeostasis regulation. Vitamin D 

does not only play a vital role in bone growth 

but also holds other important biological 

roles in one’s body functions and develop-

ment. Recently vitamin D is getting more 

recognized as neurosteroid needed by various 

actions in the brain. Calcidiol circulation 

crosses brain barriers and enters glial cells 

and neuron to be modified into calcitriol 

which is an active form of Vitamin D (Holick 

et al., 2011). 

Annweiler et al. (2016) conducted a 

study which conveyed neurosteroid action of 

Vitamin D in calcium homeostatic regulation, 

β-amyloid deposition, antioxidant characte-

ristic, and anti-inflammation characteristic. 

The study discussed the neuroprotection 

effect of Vitamin D toward the neurodegene-

rative process which is related to Alzheimer's 

disease and cognitive. 

The optimal level of calcidiol in blood 

circulation was needed to maintain neurolo-

gic development and protect the adult brain 

(Sommer et al., 2017).  

Balanced food intake is an important 

lifestyle factor in maintaining cognitive 

function during the aging period. The newest 

study also indicated that Vitamin D helped to 

maintain the cognitive functions of older 

adults (Anjum et al., 2018). 

In the study there was no significant di-

fference between calcidiol serum level in the 

group with cognitive function impairment 

and the group without cognitive function im-

pairment. It is because there are other fac-

tors, in addition to calcidiol serum level, that 

can affect cognitive functions decline. 

The following are other factors that can 

affect cognitive function in addition to calci-

diol serum level, namely diabetes, obesity, 

hypertension, hyperlipidemia, smoking his-

tory, physical activity, food intake (diet), 

alcohol, social activity, cognitive practice, 

education, head trauma, depression, and 

sleeping disorder (Baumgart et al., 2015). 

Based on several current meta-analyses 

and systematic reviews toward studies of 

more than 12, it indicates that diabetes is 

related to cognitive function decline. Based 

on the meta-analysis and systematic reviews 

it is revealed that diabetes patients are more 

likely to suffer from dementia in the future 

(Baumgart, et al, 2015). Based on current 

meta-analysis it is assumed that individuals 

with mild cognitive impairment who suffer 

from diabetes will progress more rapidly into 
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dementia than those who do not suffer from 

diabetes (Cooper et al., 2015). 

Based on several meta-analyses and 

systematic reviews, the obesity experienced 

since middle-aged is related to the risk of 

dementia. However, it may change with age. 

It is revealed that obesity emerged during 

older age is related to the decreased risk of 

dementia (Baumgart et al., 2015). However, a 

retrospective cohort study indicates that indi-

viduals who experienced overweight during 

middle-aged have a lower risk than under-

weight individuals (Qizilbash et al., 2015). 

Based on a meta-analysis of clinical 

tests, prospective cohort, observational study, 

longitudinal study, and cross-sectional study 

it indicates that there is a significant asso-

ciation between hypertension and cognitive 

function decline (Baumgart et al, 2015). A 

systematic review also points out that hyper-

tension therapy can lower down the risk of 

cognitive decline (Rouch et al., 2015). 

Several systematic reviews from pros-

pective study discovers the uncertain result 

related to the association between high blood 

cholesterol and dementia (Baumgart et al., 

2015).  

Based on the result of meta-analysis 

and systematic review of prospective and 

longitudinal studies, current smoking history 

is closely related to cognitive function 

decline. Based on meta-analysis and syste-

matic review of prospective and longitudinal 

studies, moderate physical activity is related 

to the decreased risk of cognitive function 

decline (Baumgart et al., 2015).   

Diet is related to cognitive function. 

Mediterranean diet (a diet that is loaded with 

fiber, fruits, vegetables, fish, nuts, and olive 

oil) and Dietary Approaches to Stop Hyper-

tension (DASH) diet are related to the 

decreased risk of cognitive functions (Baum-

gart et al., 2015). 

A meta-analysis of prospective and 

case-control studies indicates that small and 

moderate amount of alcohol consumption 

may decrease the risk of cognitive decline. 

However, excessive alcohol consumption is 

not suggested for geriatric patients since it is 

related to the risk of falling (Baumgart et al., 

2015). 

A Cochrane review indicates that cogni-

tive practice intervention is related to the 

decreased risk of cognitive function decline. 

Social activities such as charity programs, 

going to worship places, visiting favorite 

clubs are protective factors toward cognitive 

function decline. Higher educational level or 

literacy in certain individuals is also related 

to the decreased risk of cognitive function 

decline (Baumgart et al., 2015). 

Brain trauma is related to the risk of 

cognitive function decline and dementia. 

Based on meta-analyses of cohort studies, 

depression history is related to the increased 

risk of cognitive function decline. Several 

cohorts and observational studies correlate 

sleeping disorders such as insomnia and 

sleep apnea with the risk factor of cognitive 

function decline (Baumgart et al., 2015). 
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