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Abstract

Vitamin D plays a key role in ageing-related cellular processes, such as inflammation, oxidative stress and mitochondrial
dysfunction. Vitamin D deficiency is prevalent among older adults and has been linked to cognitive decline, mood disorders
and various age-related diseases. This study evaluated the correlation between serum vitamin D levels and stress resilience,
cognitive decline and successful ageing in older Romanian adults. A cross-sectional clinical trial was conducted with 89
participants over 55. Serum vitamin D levels were measured using chemiluminescence analysis. At the same time, the
cognitive function was assessed through the Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment
(MOCA) and the Geriatric Depression Scale. Stress and resilience were evaluated using the Perceived Stress Scale and
Siebert Resilience Test. Low vitamin D levels have been associated with cognitive impairment, as measured by the MMSE
and MOCA. However, no significant relationship was found between vitamin D levels and stress or resilience scores. This
study indicates that vitamin D may play a significant role in preventing cognitive decline among older adults; however, its
effects on stress and resilience necessitate further investigation.

Rezumat

Vitamina D joacd un rol important in procesele celulare asociate cu imbatranirea, cum ar fi inflamatia, stresul oxidativ si
disfunctia mitocondriala. Carenta de vitamind D este raspandita in randul adultilor in varstd si a fost legatd de deficitul
cognitiv, tulburérile de dispozitie si alte boli ale varstnicului. Acest studiu si-a propus sa evalueze corelatia dintre nivelurile
serice de vitamind D si rezistenta la stres, declinul cognitiv si imbétranirea cu succes la varstnicii din Roménia. Un studiu
clinic transversal a fost efectuat cu 89 de participanti avand véarsta peste 55 de ani. Nivelurile serice de vitamina D au fost
masurate folosind analiza de chemiluminiscentd, in timp ce functia cognitivd a fost evaluata prin Mini-Mental State
Examination (MMSE), Montreal Cognitive Assessment (MOCA) si Geriatric Depression Scale. Stresul si rezilienta au fost
evaluate utilizand Scala de stres perceput si Testul de rezilientd psihica Siebert. A fost identificatd o corelatie semnificativa
intre nivelurile scazute de vitamina D si afectarea cognitiva, masuratda de MMSE si MOCA. Cu toate acestea, nu a fost gasita
nicio relatie semnificativd intre nivelurile de vitamina D si scorurile de stres sau rezistenta. Acest studiu sugereazad ca
vitamina D joacd un rol in prevenirea declinului cognitiv la varstnici, dar impactul sau asupra stresului si rezilientei psihice
necesita investigatii suplimentare.
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Introduction distinguishes all of these cellular ageing mechanisms
is that vitamin D regulates their activity [2].

Hypovitaminosis D is ubiquitous; however, it is
especially prevalent in older individuals. Most non-
bone tissues exhibit non-classical vitamin D responses
based on serial doses of 25-hydroxyvitamin D (25(OH)D).
Hypovitaminosis D is related to an increased risk of

According to growing evidence, numerous cellular
processes, such as autophagy, mitochondrial dysfunction,
inflammation, oxidative stress, epigenetic changes,
DNA perturbations and changes in complex cellular
signalling mechanisms mediated by calcium ions and
reactive oxygen species (ROS), are causing ageing. What
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sepsis (bacterial, mycobacterial and viral) and cardio-
vascular and metabolic disorders (e.g., hyperlipidaemia,
type 2 diabetes, acute vascular events, dementia, stroke,
or heart failure) [9]. Many types of cancer are associated
with vitamin D deficiency, although causality is only
accepted for colorectal cancer. Vitamin D activates
receptors on neurons involved in behavioural regulation,
stimulates neurotrophin release and protects the brain
by modulating the defence against vascular damage
with antioxidant and anti-inflammatory compounds
and improving metabolic and cardiovascular functions.
This particular vitamin plays a significant role in
innate immunity by activating Toll-like receptors and
reducing cytokine production. Additionally, it is involved
in adaptive immunity, where it regulates the production
of T lymphocytes and inhibits interferon-gamma
production — both critical pathways associated with
autoimmune and infectious diseases. The importance
of this vitamin was extensively researched during the
Coronavirus Disease 2019 (COVID-19) pandemic [48].
Elevated parathyroid hormone levels have also been
linked to depression, weariness and disorientation,
which appears to be due to poor calcium absorption.
More research is needed to determine the effect of
vitamin D supplementation on cognitive impairment
and mood disorders [7, 15]. Vitamin D deficiency has
been linked to cognitive impairment. It has been
involved in the development of many types of dementia,
including Alzheimer’s disease (which is responsible
for up to 80% of dementia cases) [3]. Additionally,
vitamin D may have preventive effects against cognitive
loss since it contributes to psychological resilience -
the capacity to retain mental stability under stress [23,
47]. Resilience is the ability to adapt to hardship,
often measured by well-being following significant
life changes. Resilience is the capacity to adapt to
adversity and is frequently assessed by the level of
well-being experienced following significant life changes.
Alternatively, resilience has been conceptualized as a
psychological trait that facilitates adaptation through
consistent individual characteristics. These perspectives
may be interconnected with the individual differences
observed in regulating stress in daily situations [23].

According to the World Health Organisation (WHO),
stress is a condition of worry or mental tension caused
by a challenging circumstance to overcome [51].
Nowadays, stress is defined as a set of experiences
that elicit annoyance or anxiety due to a perceived
threat to one's security or the individual’s inadequate
ability to manage such circumstances. As a result,
addressing modifiable risk factors, including food
habits and other behavioural factors such as tobacco
use, may help manage perceived individual stress levels.
Several investigations have found that low vitamin
25(0OH)D levels are linked to a variety of health-
threatening diseases, including breast cancer [25],
cardio-metabolic problems [4, 11, 49], musculoskeletal
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pathologies [3, 31], depression [30] and sleep
disturbances [19].

Low vitamin D levels may also cause weakness and
degradation of glycolytic muscle fibres. The current
vitamin D intake in Europe is insufficient, resulting in
widespread deficiency among the general population.
This situation represents a significant public health
concern. Given that vitamin D supplementation can
improve symptoms of melancholy and anxiety [47],
investigating its levels in the general population and
promoting proper intake through nutrition is critical for
attempting to manage stress from several perspectives.
This study aims to better understand the effect of
vitamin D status on perceived stress, cognitive decline
and resilience in an older Romanian population. We
also investigated whether vitamin D can be considered
a marker for successful ageing or a predictor of early
dementia status.

Materials and Methods

Study design

We conducted a cross-sectional clinical trial to evaluate
the correlation between serum levels of vitamin D (25-
OH-vitamin D) and stress, resilience and cognitive
decline in older adults.

The study comprised 100 patients enrolled from May
to September 2024 in the Geriatrics and Gerontology
Clinic at St. Luke Hospital Bucharest, Romania. The
Ethical Review Board of St. Luke Hospital Bucharest,
Romania, approved the study protocol, which was
conducted according to the principles of Declaration
of Helsinki.

Inclusion criteria. Eligible patients were men and
women over 55 years old and negative for COVID-
19.

Exclusion criteria. Participants with severe depression,
mental illness, cancer of any type and history of any
severe disease diagnosis (including severe diabetes,
cardiovascular disease, etc.). The study excluded 9
individuals who had severe Alzheimer’s Disease. We
excluded those patients because we also inquired about
their stress levels and resilience. Patients suffering from
severe dementia or depression struggled and could not
accurately complete these complex questionnaires.
Other 2 eligible individuals were also excluded because
they had refused to join the study, so 89 participants
participated in this randomised study at the beginning.
The patients who consumed dietary supplements or
vitamin D medications in the past three months were
also excluded.

Participants

We included 89 participants for further analysis, all
meeting the eligibility criteria and providing written,
informed consent before the study. Of the participants,
14 were male and 75 were female, with a mean age
of 70.8 + 8.53.
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The primary outcome was the patient’s global
assessment of vitamin D level. Other outcome
measurements included cognitive status, MMSE,
MOCA, Clock-drawing test, Geriatric Depression
Scale Short Form and demographic characteristics.
For “brain successful ageing,” it was important to
evaluate participants through stress and resilience
scales.

Evaluation tools and biochemical assay
Biochemical assay

A qualified nurse obtained venous blood samples to
assess the concentration of 25-hydroxyvitamin D,
glucose and cholesterol. We measured the vitamin
D blood level on the second day of admission, in
the morning after overnight fasting. The serum 25-
hydroxyvitamin D [25(OH)D] was determined using
chemiluminescence analysis by the Architect i1000.
The following categories of Vitamin D status were
defined: severe deficiency — lower than 10 ng/mL,
moderate deficiency — between 10 - 20 ng/mL, low
deficiency — 20 - 29.9 ng/mL and sufficiency > 30
ng/mL. Cognitive status assessment

The MMSE was administered to assess the participants
cognitive function. Scores range from 0 to 30, with
higher scores indicating better cognitive functioning.
Based on the test design, a score of 21 - 26 points
was used to indicate cognitive impairment [50].
MOCA is a concise screening tool for moderate
cognitive impairment (MCI). The Alzheimer's Society
recommends using it to measure cognitive symptoms
objectively in clinical settings. The MOCA test is
valid in multiple languages, although moderately so
in a Romanian-language geriatric memory clinical
setting [16].

The Geriatric Depression Scale-15 (GDS-15) is a 15-
item variation of the GDS with solid reliability and
consists of 15 dichotomous questions (yes or no).
Scores range from 0 to 15. A score of 6 or higher,
out of a maximum of 15 points, is a potential indicator
of depression [42].

The clock-drawing test (CDT) is a test used to screen
cognitive dysfunction secondary to dementia, including
Alzheimer's disease [1].

Stress and Resilience Measurement

Stress levels were assessed using the Perceived Stress
Scale (PSS) by Levenstein, a validated tool measuring
stress perception in daily life. The PSS consists of
30 items scored on a 5-point Likert scale. The score
with limits between 30 and 120 points allows placing
the subject in one of the 3 categories: low stress,
moderate stress and stress intensive [29]. Resilience
was measured using the Siebert Resilience test, a 20-
item questionnaire that evaluates the ability to bounce
back from adversity. Each item is rated on a 1 to 5-
point Likert scale, from “very little true” to “true
nearly all the time”. The total score ranges from 50
to 90 points, with higher scores indicating greater
resilience [9].
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Procedure

Following the blood draw, participants completed
the stress and resilience questionnaires in a quiet
environment to minimise distractions, with assistance
provided for any participant requiring help with reading
or comprehension. The MMSE, GDS and CDT were
administered by trained personnel, following standard
procedures. The test took approximately 10 - 15 min
per participant. Demographic data, including age,
gender, education level, smoking habits and medical
history (e.g., chronic illnesses or medication affecting
vitamin D metabolism), were also systematically
collected from patient charts.

Statistical Analysis

All the data from this study were analysed using IBM
SPSS Statistics 25 and illustrated using Microsoft
Office Excel/Word 2021. Descriptive statistics (means,
standard deviations, frequencies) were computed for
demographic variables, vitamin D levels and cognitive
scores. Quantitative variables were tested for normal
distribution using the Shapiro-Wilk test and were
written as averages with standard deviations or medians
with interquartile ranges. Student’s t-test was used for
parametric distributions. Quantitative variables were
tested between measurements using Friedman’s tests
along with Dunn—Bonferroni post hoc tests. Quantitative
independent variables were tested between groups using
Mann-Whitney U tests, and their correlations were
calculated using Spearman’s rho correlation coefficient.
The qualitative variables were written as absolute
frequencies with percentages and were tested between
groups using Fisher’s Exact Test.

Additionally, multiple regression analyses were
performed to assess the independent effects of vitamin
D levels and cognitive scores, controlling for potential
confounders such as age, gender and level of studies.
A p-value of < 0.05 was considered statistically
significant. One-way analysis of variance (ANOVA)
and Tukey HSD tests were applied to demonstrate
correlations between vitamin D level and cognitive
function expressed through stress and resilience
assessment.

Results and Discussion

The study cohort consisted of 89 selected patients
based on established inclusion and exclusion criteria.
Among these participants, 75 were female and 14
were male. Their higher life expectancy can justify
the higher percentage of women. The average age
of the patients was 70.08 + 8.53 years. Patients were
classified into age groups: adults (< 65 years), elderly
(65 - 74 years), very elderly (> 85 years) and long-
lived subjects (> 85 years). The study group includes,
in approximately equal proportions, married and un-
married individuals with good financial status and
average educational level, most of them being smokers,
as seen in Table I. Table Il presents statistical data
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on the parameters extracted from the patients (blood
parameters, results of applied cognitive test).

The mean vitamin D level was 24.03 = 10.105 ng/ml,
resulting in the following categories: 1) severe vitamin
D deficiency: vitamin D level lower than 10 ng/mL
in the blood (3.37% - 3 participants); 2) moderate
vitamin D deficiency: vitamin D blood levels between
10 - 19.9 ng/mL (35.95% - 32 participants); 3)
vitamin D relative insufficiency: vitamin D levels
between 20 - 29.9 ng/mL (38.2% - 34 participants);
4) adequate level of vitamin D: blood vitamin D level
greater than 30 ng/mL (22.47% - 20 participants). The
minimum vitamin D level detected was 7.4 ng/mL,
and the maximum was 54.5 ng/mL (Figure 1).

Our results revealed that men have lower vitamin D
levels than women, with a statistically significant
difference between gender groups (p = 0.035).
Compared to men, women may be more aware and
educated about the importance of consuming dairy
products or supplements to prevent osteoporosis.
However, none of the subjects reported the consumption
of dietary supplements or medication with vitamin
D or calcium in the past three months before the
examination.

Table |

Main characteristics of the studied group

Parameter value

Category Sub-category numerical and (%)

Men 14 (15.7%)

Gender Female 75 (84.3%)

Average age 70.09 £ 8.5 years

Adults 27 (30.3%)

Elderly 24 (38.2%)

Age groups Very elderly 23 (25.8%)
Longevity 5 (5.6%)

. Unmarried 40 (44.9%)

Marital status g e 49 (55.1%)

. . P- 25 (28.1%)

Financial status Pt 64 (71.9%)

0-6 years 17 (19.1%)

Education level | 7-9 years 39 (40.8%)

> 10 years 33 (37.1%)

. Rural 38 (42.7%)
Residency Urban 51 (57.3%)
smokin Non-smokers 9 (10.1%)

g Smokers 80 (89.9%)

P- below the salary of the middle class in the economy; P+
above the wages of the middle class in the economy

Table 1l
Blood parameters and cognitive test results

Parameter

Mean + SD (min; max)

Vitamin D level (ng/mL)

24.03 + 10.105 (7.40; 54.50)

Glucose (mg/dL)

115.03 * 42.44 (59.00; 403.00)

HDL cholesterol (mg/dL)

48.52 + 11.45 (25.00; 96.00)

LDL cholesterol (mg/dL)

129.38 £ 50.21 (25.11, 400.00)

MOCA 24.39 + 4.476 (5; 30)
MMSE 27.01 + 3.186 (14; 30)
CDT 8.93 + 2.088 (0; 10)
GDS 3.89 + 3.651 (0; 15)
STRESS 63.67 + 14.906 (38; 106)
RESILIENCE 67.48 + 13.400 (39; 100)
60.00
50.00
40.00
é 30.00
” =
20.00 ?
10.00 i
.00
<10 ngiml 10-19.9ngiml 20-29.9 ng/dl >=30ngiml
Figure 1.

Vitamin D levels (ng/mL) among study participants:

1) severe vitamin D deficiency: < 10 ng/mL; 2) moderate
vitamin D deficiency: between 10 - 19.9 ng/mL; 3) vitamin D relative insufficiency: between 20 - 29.9 ng/mL;

4) adequate level of vitamin D: > 30 ng/mL
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By age group, the average level of vitamin D is lower
for patients in the 75 - 84 age group (19.66 ng/mL)
compared to the younger categories. When comparing
participants aged < 65 years with those between 65 -
74 years and 75 - 84 years, statistically significant p
values were obtained (p = 0.016 and p = 0.017,
respectively. It can be observed that individuals
aged between 75 and 84 years exhibit lower levels
of vitamin D compared to those under 65 and those
within the age group of 65 to 74 years.

In addition, the one-way ANOVA analysis was
performed, with average vitamin D levels for the
adult group being 25.45 £ 9.5 ng/mL, similar to the
values obtained in the elderly group of 25.81 + 10.7
ng/mL. In contrast, the very elderly group had an
average vitamin D level of 19.66 * 6.4 ng/mL, the
difference being statistically significant (F = 3.4, p =
0.037). Tukey's post-hoc analysis by age group also
revealed a statistically significant difference of 6.1
units (CI 0.13 - 12.1) between the group of elderly
and very elderly participants (p = 0.04) regarding
vitamin D levels in these age groups. Comorbidities, a
lack of mobility following the onset of disability, and
a lack of active evaluation can explain the decreased
levels of vitamin D in the very elderly age group. A
recent study calculated an age-related reduction in
vitamin D production of 13% per decade, demonstrating
production at 70 years to be half that at 20 years [13].
Regarding education, 19% of study participants had
only 0 - 6 years of education, the lowest percentage,

the rest having a medium or higher level of education
(7 - 9 years or more than 10 years of studies). This
may be attributed to the fact that those with higher
education seek medical help more frequently and notice
changes in their functional status more quickly. The
average vitamin D level in the group with less than 6
years of education was 21.5 + 7.9 ng/mL, lower than
in the groups with more than 7 years of education.
Still, no statistically significant difference was established
(p = 0.55).

In addition, the average vitamin D level was 21.2 +
6.7 ng/mL in the smokers’ group, lower than that of
non-smokers, where the average value was 24.3 =
9.9 ng/mL, but no statistically significant differences
were noted.

According to bivariate Pearson correlation analysis, a
weak negative linear relationship (r = -0.218, p = 0.040)
was noted between vitamin D status and the number
of associated pathologies. Thus, a low vitamin D level
correlates with increased associated diseases (Figure 2).
This finding is aligned with other studies, knowing
the fact that the elderly population, on the one hand,
has limited exposure to the sun, with a low level of
vitamin D production, and, on the other hand, presents
a large number of comorbidities [12]. Vitamin D
also decreases with the onset of stress and influences
the occurrence of oncological diseases despite the gene
networks [18]. Furthermore, vitamin D status was
analysed in relation to cognitive test results. The
main findings are shown in Table IlI.
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Figure 2.
Vitamin D level (ng/mL) concerning the number of associated diseases in the study group
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Table 111
Correlations between vitamin D levels and cognitive test results
MOCA | MMSE TDC GDS STRESS | RESILIENCE
Vitamin D levels Pear.son Correlation 0.256" | 0.279™ | 0.285™ | -0.057 0.063 0.005
Sig. (2-tailed) 0.015 | 0.008 | 0.007 | 0595 | 0.559 0.965
MOCA Pear_son Correlation 1 0.793"™ | 0.610™ | -0.218" | -0.015 0.114
Sig. (2-tailed) 0.0001 | 0.0001 0.040 .0888 0.286
MMSE Pear_son Correlation 0.793™ 1 0.595™ | -0.192 -0.060 0.223"
Sig. (2-tailed) 0.0001 0.0001 0.071 0.580 0.035
STRESS Pear.son Correlation -0.015 | -0.060 | -0.101 | 0.616™ 1 -0.229"
Sig. (2-tailed) 0.888 | 0580 | 0.344 | 0.0001 0.031
Pearson Correlation | 0.114 0.223" | 0.087 | -0.231" | -0.229" 1
RESILIENCE Sig. (2-tailed) 0.286 0.035 0.418 0.029 0.031

* Correlation is significant at the 0.05 level (2-tailed), ** Correlation is significant at the 0.01 level (2-tailed)

Analysing the relationship between vitamin D status
and the MMSE test, there is a direct correlation
(Pearson correlation coefficient of 0.278, p < 0.05);
along with vitamin D level decrease, cognitive decline
also occurs in studied participants.

In the case of the MOCA test, more minor differences
were noted between the percentages of patients who
scored greater than or equal to 26 points (55% of all
patients) and those who scored less than 26 points
(45% of all patients), compared to the results from
the MMSE test. Furthermore, after undertaking this
test, some participants with adequate vitamin D levels
did not achieve a high score of 26 points or more,
with 30% scoring less than 26 points. Analysing the
correlation between the two variables, a statistically
significant weak correlation was found between Vitamin
D levels and the score obtained in the MOCA test
(Pearson correlation coefficient 0.256, p < 0.01).

A percentage of subjects with a MOCA score < 26
points (30%) presented moderate vitamin D deficiency,
this relation having a weak statistical correlation but
statistically significant (Pearson correlation coefficient
0.256, p < 0.01).

Subsequently, an examination was conducted to
explore the differences between the two assessments
and the criteria for selecting one over the other. The
two tests were directly compared with a Pearson
correlation coefficient obtained of 0.793, which
was statistically significant (p = 0.024). We found a
statistically significant relationship between the two
tests, which differed from previous studies, considering
that the studied group does not include many subjects
with higher education. It was noted that the average
score obtained in the MMSE test was 27.01 points,
higher than the MOCA test average of 24.39 points.
At the same time, the range of scores in the MMSE
test was narrower, ranging between 14 to 30 points,
while in the MOCA test, the range was significantly
more comprehensive, the minimum score being 5
points and the maximum 30 points.

It can be asserted that although the two assessments
have the same objective and characteristics, they can
be distinguished by their respective levels of difficulty.
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The MOCA test seems to have a higher degree of
difficulty, rendering it potentially more effective in
identifying early forms of dementia, thus having a
higher sensitivity. Nonetheless, it should be noted
that this heightened sensitivity may also lead to an
increase in the proportion of false positive results,
resulting in decreased specificity. However, it could
be challenging to apply in the case of patients with
advanced forms of cognitive impairment due to this
increased degree of difficulty. Applying this assessment
tool to patients with advanced cognitive impairment
can pose significant challenges due to the complexity
involved. In cases of advanced dementia, utilising a
test with heightened sensitivity may not be advisable,
as it risks inducing frustration among individuals
who are unable to complete the test successfully. The
MMSE appears to be more appropriate for moderate
and severe forms of cognitive impairment, being a
test with a lower degree of difficulty but which may
not detect mild forms of dementia.

The CDT, a useful tool for assessing cognitive
decline, is relatively straightforward in its application.
The correlation between the CDT and resilience test
(r = 0,223, p = 0,035) is important in evaluating
participants’ intrinsic capacity and stress response,
allowing for their subsequent active monitoring. The
CDT is a screening assessment for mild cognitive
impairment recommended by many professional
societies, such as cardiology and/or diabetes [24].
Table 11 shows a moderate positive correlation
between vitamin D levels and CDT score (r = 0.331,
p = 0.002).

Several studies found that low levels of vitamin D
are associated with more severe cases of cognitive
impairment, especially in older individuals or those
diagnosed with Alzheimer’s disease [32, 36]. In these
situations, supplementing vitamin D could slow the
progression of cerebral degeneration [41]. This measure
is important because previous studies have found low
vitamin D levels in the elderly Romanian population,
especially in senior women [8, 27, 41]. Recent studies
noted a prevalence of vitamin D deficiency in the
adult population of 24.8% [10, 33].



FARMACIA, 2024, Vol. 72, 6

Further research revealed that higher vitamin D levels
increase cognition, especially executive function and
mental flexibility [21, 52]. Several possible biological
mechanisms are described in the literature by which
vitamin D might influence cognitive function. Vitamin
D's antioxidant effects may protect cultured human
endothelial cells and retinal cone cells from oxidative
stress [35]. Furthermore, vitamin D is implicated in
neuroprotection and neuromodulation pathways binding
to vitamin D receptors, calcium homeostasis, modulation
of oxidative stress and inhibition of inflammatory
processes in the brain [5, 28]. Early childhood
vitamin D insufficiency has been associated with
elevated arterial blood pressure, enhanced vascular
oxidative stress and alterations in cardiac gene
expression [43].

Nevertheless, the degree of stress and resilience of
the participants in this study was not influenced by
their vitamin D levels (Pearson correlation coefficient
of 0.062). Applying the ANOVA analysis for the
MOCA test resulted in an average level of 26.25 +
9.9 ng/mL of vitamin D for the group without
depression. In contrast, the group with depression
presented an average vitamin D level of 21.3 + 9.7
ng/mL, a lower value with a statistically significant
difference (F = 5.5, p = 0.021).

Other research has shown that vitamin D status is
associated with trait resilience but not depression in
a general population [47].

At the same time, recent studies demonstrated that
subjects exposed to an experimental stress procedure
have higher vitamin D concentrations; thus, increased
vitamin D levels are related to higher resilience [23].
Moreover, stress and stress resilience depend on a
number of factors, more prevalent in older adult
populations, such as various pathologies, difficult
financial situations and the absence of social support.
These factors often lead to the resumption of work,
which accentuates their stress [39].

Research regarding the association between cognitive
impairment and vitamin D status frequently yields
inconsistent results, necessitating additional studies
to elucidate this relationship. Research indicates that
older adults with adequate vitamin D levels exhibit
a reduced prevalence of cognitive impairment [34].

Significant associations were identified between vitamin
D levels and the Mini-Mental State Examination,
independent of cognitive impairment status. Vitamin
D has been shown to have various beneficial effects
on neural and endothelial dysfunctions, which may
elucidate its protective role in neurodegenerative
processes [6, 40]. Furthermore, vitamin D supplementation
effectively decreased amyloid B-related biomarkers
in individuals diagnosed with Alzheimer's [26].

On the other hand, factors contributing to the risk of
vitamin D deficiency in the elderly include relative
resistance to vitamin D's role in increasing calcium
absorption in the gastrointestinal tract and a decline
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in renal function associated with ageing. The ageing
kidney exhibits a diminished capacity to convert 25-
hydroxyvitamin D (25[OH]D) into 1.25-dihydroxy
vitamin D. In addition to sun exposure, skin pheno-
type and dietary intake, other variables affect vitamin
D levels in the elderly population. Smoking may reduce
serum 25(OH)D concentrations, although the mechanism
remains unidentified [14]. An increased proportion
of total body fat also correlates with diminished
25(0OH)D circulating levels. Fat content remains a
variable despite adjustments for age, season and
smoking in both men and women. This seems to
involve diminished production and increased distribution
volume of vitamin D [45]. The global rise in BMI
among the ageing population underscores obesity as a
significant contributor to reduced levels of 25(OH)D
[37].

Vitamin D supplementation can be done pharmacologically
or through food fortification for diagnosed deficiency.
Treatment goals should focus on avoiding 25(OH)D
serum levels < 12 ng/mL to reach levels > 20 ng/mL
[16].

Elderly patients consume many drugs, mainly due to
polypathology. That is why it is preferable to administer
a mixed supplement of vitamin D together with vitamin
C, both of which increase resilience and reduce
inflammation [13, 33].

Limitations of the study

The limited number of patients enrolled in this study
can be attributed to the restricted timeframe available
for research and inadequate funding, which were the
most significant factors influencing the sample size.
As previously noted, our findings reveal a lack of
correlations between vitamin D status, depression,
stress and resilience, likely due to the small sample
size. Consequently, further research is required to
elucidate these relationships.

Conclusions

Our findings revealed that the prevalence of vitamin
D deficiency increases with age. According to our
research, vitamin D may help prevent cognitive decline
primarily by enhancing memory function following the
onset of age-related changes and neurodegenerative
diseases. Higher levels of stress and resilience modification
were linked to vitamin D insufficiency in older persons.
This offers a solid scientific foundation for evaluating
the impact of vitamin D supplementation on behavioural
issues in elderly individuals who are vitamin D deficient.

Mounting data suggest that vitamin D and C may help
improve older adults' immune system performance,
cardiovascular health and cognitive function. These
vitamins are anticipated to ultimately be incorporated
into a single formulation, thereby reducing the necessity
for multiple medications, which represent another stress
factor in the elderly population.
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