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ABSTRACT 

Background: Serum iron and Vitamin D3, have vital roles in regulating 

numerous cellular processes in nervous system. Additionally, vitamin D3 

could affect iron metabolism, iron in turn is essential for vitamin D3 

formation. Even with the different studies, it is still unclear whether serum 

iron and/or Vitamin D3 have a role in the decline of cognitive function 

and progression of dementia. 

Aim: to investigate serum iron and Vitamin D3 levels and their association 

with cognitive function in dementia patients in Zagazig University 

Hospitals 

Methods: Sixty male and female patients; 30 control and 30 newly 

diagnosed dementia patients were included in the study. Cognitive 

function tests were performed. Serum analysis of iron, ferritin, TIBC and 

vitamin D3 were analyzed. 

Results: dementia patients showed significant decrease in cognitive 

function tests, iron status parameters and vitamin D3. additionally, 

significant association between vitamin D3 and cognitive 

tests, also between vitamin D3, ferritin and TIBC was found. 

Furthermore, an association between serum iron, ferritin with 

some cognitive tests was statistically significant. 

Conclusion: Serum iron status and vitamin D3 is associated 

with cognitive function decline in newly diagnosed dementia patients. 
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INTRODUCTION 

ementia is a fatal neurodegenerative 

disease of unknown cause. Nearly forty-

eight million persons around the world have 

been diagnosed as dementia, unfortunately, it is 

expected to rise to 2.73 times by 2050. 75% of 

all dementia cases was diagnosed as Alzheimer 

Disease, the most common type of dementia [1]. 

Dementia has varied risk factors; such as 

smoking, diabetes mellitus, 

hypercholesterolemia, cardiovascular diseases, 

and hypertension [2]. 

Vitamin D3 and iron have significant roles 

in the physiologic processes. However, there is a 

very high risk of deficiency in these two 

essential nutrients [3]. AS the role of vitamin D3 

in neurotransmission, neuroplasticity, 

neuroprotection and neurotrophy has been 

suggested, vitamin D3 deficiency might play a 

significant role in the dementia progression and 
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its potential prognostic role has been proposed 

[4]. 

Iron is considered a key role in multiple 

pathophysiologic functions. It constitutes part of 

proteins needed for myelin production, 

neurotransmitters production and breakdown, 

oxygen transport, and oxidative 

phosphorylation. Inadequate iron might have 

potential cognitive impacts such as cerebral 

hypoxia, insufficient neurotransmitter synthesis 

and/or poor myelin integrity. [5]. 

Interestingly, it was noticed excess iron 

accumulation within brain tissue in numerous 

neurodegenerative diseases such as Alzheimer 

Disease that was accompanied by oxidative 

stress. Binding Fe3+ to the tau protein, then its 

conversion to the reduced form “Fe2+”, induce 

the production of neurofibrillary tangle [6]. 

Regarding serum iron conflicting data 

were reported Hosking et al. [7], higher serum 

iron levels were negatively associated with the 

decline in sensorimotor speed and word fluency 

[8], However, Cherbuin et al. [9] found that the 

risk of cognitive function decline was associated 

with greater iron intake. Meanwhile, Min and 

Min [10] found no association between iron 

level and dementia.  

Moreover, contradictory data about the 

possible association between vitamin D 

deficiency and cognitive decline. it has shown 

that normal vitamin D was associated with 

decreased risk of dementia [11]. However, a 

study of Schneider et al. [12] reported no 

association between lower concentrations of 

vitamin D and cognitive decline during middle 

age.  

Interestingly, an association between low 

vitamin D3 levels and poor iron status has been 

indicated. However, the mechanism/s for their 

association is still not known, but it is postulated 

that vitamin D3 might impact iron regulation via 

its effect on pro-inflammatory markers [4, 13]. 

Therefore, the present study aimed to 

examine serum iron indices and vitamin D3 level 

and the possible association between them and 

cognitive function tests in dementia patients. 

 

PATIENTS AND METHODS 

This is a case-controlled study that was 

approved by Institutional Research Board (IRB) 

at the Faculty of Medicine, Zagazig University, 

Egypt, in the period from January 2021- 

December 2021. The study was done according 

to The Code of Ethics of The World Medical 

Association (Declaration of Helsinki) for studies 

involving humans. We recruited 30 patients 

(dementia group) admitted to neurology 

department of Neurology Department 

Outpatient Clinic and 30 normal volunteers 

(control group). all participants or their relatives 

gave written informed consent. The procedures 

followed were in accordance with our protocol. 

We recruited mild to moderate dementia 

patients of both sex over age of 60 years, while 

those with severe dementia, Psychiatric disorder 

or other medical conditions that may affect the 

neuropsychological performance, long term 

medications or dietary supplement that affect 

cognition were excluded from the study.   

Methods of the study:  

1. Neurocognitive assessment focused on 

assessment of attention, memory, and executive 

function. Neurocognitive tests were done at the 

first time of diagnosis of the condition and 

before receiving any medications. The test was 

held in a calm room. Five min were allowed as 

an interval between different tests.  

I. Wechsler intelligence scale for adult 

“Logical memory subtest”: This certified scale 

was used for adult memory assessment. A 25-

items short story was presented to the 

contributors, then they were inquired to repeat it 

twice; directly and after half hour (30 min). The 

overall score was calculated by counting the 

number of the recalled items of the presented 

story by each participant. the maximum score is: 

25 [14].  

II. Trail making test: The test was 

employed to evaluate the executive function of 

the participants, depending on mental flexibility, 

the degree of attention, and performance as well 

as visuomotor organization. Contributors were 

requested to draw continuous lines amongst 

figures from 1: 25 (part A of the test) and letters 
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from A to L (B part of the test). The Score is 

calculated as the total time in seconds was taken 

by the participant to finish the test [15]. 

III. Digit span test “Wechsler adult 

intelligence scale”: it was subdivided into 2 

parts: Forward test that was used to evaluate 

attention, and backward test that was used to 

assess central executive functions. Contributors 

were allowed to take back a list of 3, 4, and 5-

digit span lengths numbers for seven trials each 

for a total of 21 trials, first the patient was asked 

to recall the numbers similar to the presentation 

order (forward), then in the opposite order 

(backward) [16]. 

 

IV. Digit symbol test: for evaluation of the 

attention, visual-motor coordination, and 

psychomotor speed processing. Contributors 

was given a code menu that display a 

correspondence between couples of numbers (1: 

9) and images. Then, they were requested to 

draw the fitting image under each number 

presented in the menu. The test result is the 

numbers of the image copied correctly in a 90sec 

time limit [17]. 

2. Blood sampling: After 12h of Fasting, five 

ml of venous blood was withdrawn, allowed to 

clot for 1 hour, centrifuged at 3000 rpm, then 

serum was separated after 15 min of the 

centrifugation, and finally stored at - 80 °C until 

biochemical assessment of:  

I.Serum iron: Using the colorimetric method 

described by Tietz et al. [18].  

II.Serum ferritin test: It was determined 

photometrically depending on the interaction of 

sample ferritin with latex covalently bound anti-

Ferritin antibodies. [18]. 

III.Total iron binding capacity (TIBC): The 

decrease in the absorbance of the colored dye-

iron complex was directly proportional to the 

TIBC of the serum sample. It was measured at 

660 nm spectrophotometrically [19]. 

IV.Unsaturated iron binding capacity (UIBC): 

UIBC = TIBC – serum iron [20].  

V.25-dihydroxycholecalciferol was measured 

using liquid chromatography tandem mass 

spectrometry method [21]. 

Statistical analysis: It was performed using 

SPSS v. 18.0 for Windows “SPSS Inc., Chicago, 

IL, USA”. Normality distribution was checked 

with Shapiro–Wilk test. Continuous variables 

were presented as mean ± SD. The association 

between 25-dihydroxycholecalciferol, serum 

iron, ferritin with the changes in cognitive 

parameters was assessed by Pearson correlation 

test that was done to evaluate correlation 

between vitamin D3 and iron indices in studied 

groups as well. linear regression was used with 

serum iron and ferritin as independent variables, 

and vitamin D as dependent variables. The 

statistical significance was set at P ≤ 0.05. 

RESULTS 

There is statistically significant difference 

between the studied groups regarding results of 

all tests used to assess cognitive function. Trail 

making A and B tests, was significantly higher 

in patients within dementia group (p<0.001). 

However, those patients reported significantly 

lower scores for digit span forward (p<0.001), 

backward, digit symbol test (p<0.001), 

immediate and delayed memory (p<0.001) when 

compared with healthy control group (Table 1). 

There is statistically significant difference 

between the studied groups regarding serum 

iron, ferritin, TIBC and vitamin D levels. Serum 

iron (p<0.05), ferritin (p<0.01), TIBC (p<0.001) 

and vitamin D (p<0.001) were significantly 

lower among patients within dementia group. 

While, UIBC was lower among dementia group 

yet with statistically non-significant difference 

(P>0.05) (Table 2). 

There is statistically significant negative 

correlation between serum iron and both trail 

making A test (r=-0.297, p<0.05) and B test (r= 

-0.308, p<0.05). On the other hand, no 

significant correlation coefficient was found 

between serum iron and other cognitive tests 

(table3). 

There is statistically significant negative 

correlation between serum ferritin and trail 

making A test (r=-305, p<0.05). There is 

statistically significant positive correlation 

between serum ferritin and both digit span 

forward (r=+0.361, p<0.01) and digit symbol 

https://zumj.journals.ekb.eg/article_290702.html


https://zumj.journals.ekb.eg/article_290702.html                                       Volume 29, Issue 2, March 2023, Page (720-727) 

         

Ashour, W., et al                                                                                                                                              723 | P a g e  
 

test (r=0.317, p<0.05). On the other hand, no 

significant correlation coefficient was found 

between serum ferritin and other cognitive tests 

(table3). 

In addition, there is statistically significant 

negative correlation between serum vitamin D 

and both trail making A test (r=-0.822, p<0.001) 

and B test (r=-0.658, p< 0.001). There is 

statistically significant positive correlation 

between serum vitamin D and all of digit span 

forward (r=+0.789, p<0.001), backwards 

(r=0.723, p<0.001), digit symbol test (0.748, 

p<0.001) (table3). 

There is statistically significant positive 

correlation between vitamin D and both serum 

ferritin (r=0.451, p<0.001) and TIBC (r=0.727, 

p<0.001). On the other hand, there is statistically 

non-significant correlation between vitamin D 

and either serum iron or UIBC (Table 4). 

Serum ferritin (unstandardized β=0.071, 

p=0.016) and TIBC (unstandardized β=0.269, 

p=<0.001) were significantly independently 

associated with serum vitamin D (Table 5). 

 

Table (1) Comparison between the studied groups regarding cognitive functions 

Parameter Groups Test 

Dementia group 

(n=30) 

Control group 

(n=30) 

t p 

Mean ± SD Mean ± SD   

Trail making A test 55.6 ± 6.58 22.27 ± 6.9 19.153 <0.001* 

Trail making B test 103.63 ± 8.67 86.03 ± 9.05 7.691 <0.001* 

Digit Span Forward 4.58 ± 0.81 7.58 ± 0.76 14.842 <0.001* 

Digit Span backward 4.36 ± 0.67 5.96 ± 0.59 -9.782 <0.001* 

Digit symbol test 46.09 ± 4.04 58.1 ± 3.53 12.249 <0.001* 

t independent sample t test  *p<0.05 is statistically significant 

 

Table (2) Comparison between the studied groups regarding iron indices and vitamin D level: 
Parameter Groups Test 

Dementia group 

(n=30) 

Control group 

(n=30) 

t P 

Mean ± SD Mean ± SD   

Serum iron (ugdL) 104.63 ± 27.2 119.41 ± 27.92 -2.077 0.042* 

Serum ferritin (mg/ml) 117.95 ± 32.04 142.47 ± 29.78 -3.071 0.003* 

TIBC (ug/dL) 296.39 ± 13.51 334.62 ± 17.67 -9.409 <0.001* 

UIBC (ug/dL) 221.97 ± 30.38 223.56 ± 22.18 -0.232 0.818 

Vitamin D (ng/ml) 15.39 ± 3.76 33.67 ± 5.32 -15.373 <0.001* 

T: independent sample t test, *p<0.05 is statistically significant 

Table (3) Correlation between serum iron, ferritin, vita D and cognitive functions among the studied 

participants: 
 Serum iron Serum ferritin Vitamin D 

R P r P r p 

Trail making A test -0.297 0.021* -0.305 0.018* -0.822 <0.001*** 

Trail making B test -0.308 0.017* -0.158 0.229 -0.658 <0.001*** 

Digit Span Forward 0.186 0.155 0.361 0.005** 0.789 <0.001*** 

Digit Span backward 0.105 0.426 0.203 0.121 0.723 <0.001*** 

Digit symbol 0.225 0.084 0.317 0.014* 0.748 <0.001*** 

R: Pearson correlation coefficient,  *: p<0.05 is statistically significant, **: p<0.01 is statistically 

significant , ***:p<0.001is statistically highly significant 
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Table (4) Correlation between vitamin D and iron indices among the studied participants 

 r p 

Serum iron 0.186 0.155 

Ferritin 0.451 <0.001** 

TIBC 0.727 <0.001** 

UIBC -0.036 0.787 

R: Pearson correlation coefficient,  **p≤0.001 is statistically highly significant 

 

Table (5) Linear regression analysis of factors significantly associated with serum vitamin D: 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

t P 95.0% Confidence 

Interval for B 

Β Std. Error Beta Lower 

Bound 

Upper 

Bound 

Ferritin 0.071 0.029 0.229 2.490 0.016* 0.014 0.128 

TIBC 0.269 0.038 0.649 7.062 <0.001** 0.193 0.345 

**: p≤0.001 is statistically highly significant, *: p<0.05 is statistically significant 

 

DISCUSSION 

Dementia is a result of various 

neuropathological processes, including neuro-

inflammation, neuro-degenerative, and vascular 

diseases, additionally, hypoxia, and oxidative 

stress could contribute to the pathogenesis of 

dementia [22]. Moreover, anemia leads to a rise 

in the risk of dementia and Alzheimer Disease 

by 34% and 41%; respectively [23]. However, 

the pathogenesis process that links anemia to 

dementia are not well understood yet.  

Interestingly, the findings of this study 

showed a significant decrease in serum iron, 

ferritin and TIBC in dementia group when 

compared to control group. Which was in line 

with those of Alexander et al. [1], Kweona, et al. 

[6] and Hare et al. [24] Who found similar 

findings in Alzheimer’s patients. They explained 

their findings by the significant reduction in 

transferrin-associated iron in those patients and 

assumed that transferrin desaturation might be 

the reason of the observed decrease in serum 

iron. Consequently, decreased iron may also 

influence the TIBC and may inhibit rate-limiting 

enzymes in brain cells metabolism, disturbing its 

functions [25]. 

That supported the significant negative 

association between serum iron, serum ferritin 

and Trail making A and B, and the significant 

positive association between serum ferritin and 

Digit Span Forward and Digit symbol in 

dementia group of the present work. 

Additionally, the decreased iron, ferritin, 

and TIBC may be an evidence of iron deficiency 

anemia [26]. Decreased iron indices could 

predispose to dementia as one theory stated that 

low iron level results to decrease hemoglobin 

concentrations that might cause chronic brain 

cells hypoxia, precipitating beta-amyloid, and 

subsequently lead to neuro-inflammation that 

can cause deteriorated brain functions [23]. 

Another hypothesis is linked to brain’s 

erythropoietin receptors, which act as neuro-

protective factor against both hypoxia and 

stroke. Therefore, low erythropoietin may be a 

risk factor of neuronal damage and cognitive 

decline [27]. 

The second interesting observation of the 

current work was the considerable decline in 

serum vitamin D in dementia group, that was 

significantly associated with cognitive function 

tests in the same group. 

Vitamin D3 is an endogenously 

synthesized steroid hormone, it exerts several 

biological activities [28]. It has a role in adult 

brain development and function. The brain 

displays the capability to produce and receive 

Vitamin D active form, which can support 
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neurotransmission, synaptic plasticity, and 

neuroprotection. As, it has been shown that 

1,25(OH)2D can help the amyloid plaques 

phagocytosis and clearance by the innate 

immune cells [29]. It also has a critical role in 

lowering cerebral inflammation and oxidative 

stress, that are considered as possible 

mechanisms of neurodegeneration and 

Alzheimer Disease progression [28, 30]. 

However, contradictory outcomes were found by 

Messinis et al. [31] and Karakis et al. [32] who 

reported no association between vitamin D3 

levels and Alzheimer Disease development. 

Notably, a significant positive correlation 

between serum vitamin D3, ferritin and TIBC 

was detected in dementia group, and both were 

significantly independently associated with 

serum vitamin D3. One of the mechanisms that 

could clarify the impairment of iron indices 

existing with vitamin D3 deficiency is the 

increase in IL-6 or IL-1B [33]. 

From another point of view, iron is a 

constituent of vitamin D 25-hydroxylase, 

cytochrome P450 mono-oxygenase member, 

which contributes to cholecalciferol conversion 

to 25 cholecalciferol, and it is also a constituent 

of 25-hydroxyvitamin D 1-α-hydroxylase which 

is responsible for final activation of vitamin D3 

[34]. Therefore, iron lack may lower the activity 

of these enzymes, and thus, lower vitamin 

D3 concentration.  

 These facts may also explain the lower 

concentration of iron indices and vitamin D3 in 

dementia group of this research; however, no 

significant correlation between serum iron and 

vitamin D3 in the present work was found, the 

cause for this may be the degree of iron defect. 

Up till now it is not well-established how serious 

iron shortage has to be to affect vitamin D3 

production. The odd ratios analyzed for various 

levels of ferritin (30 to 12 µg/L) revealed that the 

probability of vitamin D3 insufficiency began to 

be meaningful at ferritin levels <30 µg/L, 

suggesting that disturbed vitamin D3 synthesis 

can develop along with deteriorating iron status 

[4]. 

In contrary, there are previous studies that 

found no effect of iron supplementation on 

25(OH) vitamin D3 level [3, 35]. 

Any discrepancy between our results and 

those of other studies could be related to genetic, 

environmental, species, age, health status, 

sample size differences, serum levels defined for 

Vitamin D3 deficiency, insufficiency, and 

sufficiency between their studies and the 

findings of the present study. One limitation of 

this study is the small sample size of the 

examined groups. 

Conclusion: Serum iron, ferritin, TIBC 

and vitamin D3 levels in dementia patients were 

significantly lower than in normal participants, 

and they were significantly associated with 

cognitive function tests. Serum iron profile 

measurements and serum vitamin D3 in newly 

diagnosed cases with early symptoms of 

cognitive impairment may be valuable for the 

identification of dementia. It will be important 

for future research to examine how iron and/or 

vitamin D3 supplementation could improve 

cognitive functional changes in those patients.  
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