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Abstract: There are still not enough findings to elucidate how exactly alcohol use impairs cogni-
tive abilities. Some studies have shown that there is a link between alcohol intake and vitamin
D levels, but these findings are inconsistent so further research is needed. The aim of this study
was to investigate the association between serum vitamin D levels and cognitive impairment in
alcohol-dependent individuals. A case-control study was carried out including a total of N = 132
respondents with a medical history of alcoholism, and healthy volunteers. The Montreal Cognitive
Assessment (MoCa) and Addenbrooke’s Cognitive Examination-Revised (ACE-R) screening tools
were used for cognitive status assessment and serum vitamin D levels analysis (blood samples of re-
spondents). Significant difference (p = 0.022), was found in vitamin D levels in the alcohol-dependent
group with cognitive deficiency 13.7 £ 9.4 (ng/mL), alcohol-dependent group without cognitive
deficiency 19.5 & 11.2 (ng/mL) and healthy controls 19.9 = 11.1 (ng/mL), respectively. Furthermore,
vitamin D levels were significantly different across all groups based on MoCa (p = 0.016) and ACE-R
(p = 0.004) scores. All three groups exhibited vitamin D deficiency. A significant correlation was found
between vitamin D deficiency and cognitive impairment, but it yielded no significant difference in
alcohol-dependent individuals.

Keywords: alcohol dependence; cognitive deficiency; vitamin D deficiency; Montreal Cognitive
Assessment; Addenbrooke’s Cognitive Examination-Revised

1. Introduction

Alcohol dependence is a chronic and recurring condition. It is often characterized by
the desire to continue using alcohol despite the harmful effects it has on both physical and
mental health. Other alcohol use-associated factors include loss of control over the amount
or timing of alcohol use, tolerance, psychological and physical dependence, and abstinence
syndrome [1]. Investigating brain structure in alcohol-dependent individuals has shown
that excessive alcohol use leads to microglial activation, the release of proinflammatory
mediators, and the induction of neuroinflammation. It also impairs neurogenesis, which
altogether may interfere with neurotransmitter hyperactivity (glutamate), neuron loss, and
cognitive impairment [2,3]. Alcohol use, misuse, and addiction are all associated with
cognitive impairment. The prevalence of cognitive impairment has been documented in
50-80% of alcohol dependence [4]. The most affected cognitive functions are the ability to
learn new skills, visuospatial ability, executive function and attention, while verbal abilities
usually remain intact [5].
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Vitamin D is a group of lipophilic hormones with pleiotropic actions. It has been
traditionally related to bone metabolism, although several studies in the last decade have
suggested its role in cardiovascular diseases, diabetes, malignancies, autoimmune diseases,
and infections [6]. Vitamin D is responsible for calcium and phosphorus homeostasis,
cell proliferation, differentiation and apoptosis, immune and hormonal regulation, and
other processes in the body [7]. Vitamin D receptors (VDRs) are present in the central
nervous system and neurons have the ability to synthesize 1,25-dihydroxyvitamin D, the
active form of vitamin D. There have been a number of studies conducted to determine
the correlation between mental disorders (depression, schizophrenia, autism, Alzheimer’s
disease, other cognitive impairments, alcohol dependence) and vitamin D levels. However,
these findings were inconsistent, which highlights the need for further research [8-11].
Evidence on the association between alcohol dependence and vitamin D is a subject of
controversial scientific discussions. While some studies suggest that vitamin D deficiency
in alcohol-dependent individuals is a result of reduced light exposure, poor nutrition,
alcohol-induced liver damage, and malabsorption [12], others, which have found a positive
correlation between alcohol use and vitamin D, indicate that little is known about how this
biochemical mechanism really works [13]. In recent years, many experimental and clinical
studies have shown that vitamin D deficiency increases the risk of cognitive impairment by
2.4 times [9,14-16]. Nevertheless, the true nature of the relationship between vitamin D
and alcohol-induced disorders is still poorly understood [17].

The aim of this study was to investigate the association between serum vitamin D
levels and the level of cognitive impairment in alcohol-dependent individuals and to assess
indirectly the role of vitamin D in the development of this cognitive deficit.

2. Materials and Methods
2.1. Subjects

This case-control study was carried out between October 2019 and March 2020 at
the Psychiatric Clinic and the Institute for Clinical Laboratory Diagnostics, the University
Clinical Center of the Republic of Srpska (UCC RS), and the Institute for Transfusion
Medicine of the Republic of Srpska after approval by the Ethics Committee to the UCC RS
(01-9-371-2/18).

A total of N = 132 respondents were recruited in this study, alcohol-dependent indi-
viduals who had abstained from alcohol use for at least a month (33 alcohol-dependent
individuals with cognitive deficiency and 33 alcohol-dependent individuals without cog-
nitive deficiency) and 66 healthy controls. First, prior to any study procedure a written
informed consent form was obtained, in accordance with the Good Clinical Practice (GCP)
and Declaration of Helsinki and then, alcohol-dependent individuals were divided into two
subgroups, those without cognitive deficiency (Alc) and those with cognitive deficiency
(Alc + CD). The classification was based on psychiatric examination and screening tools
Montreal Cognitive Assessment—MoCa (cut-off score was 26) [18] and Addenbrooke’s
Cognitive Examination Revised—ACE-R (cut-off score was 82) [19]. The inclusion criteria
were as follows: respondents with a clinical diagnosis of alcohol dependence (diagnostic
criteria for ICD-10 classification), who had been treated and abstained from alcohol use for
at least a month and had used alcohol for at least 5 years. The exclusion criteria included
the following: a recent craniocerebral trauma, neurodegenerative diseases, cerebrovascular
diseases, malignant diseases of all systems and organs, acute and chronic infectious, inflam-
matory and autoimmune diseases, heart failure, chronic diseases of the respiratory system,
acute or chronic hepatic diseases, acute or chronic renal diseases, misuse of psychoactive
substances, schizophrenia spectrum and other psychotic disorders, mood disorders, pa-
tients with dementia or other serious organic brain diseases, diseases of the endocrine
system, blood diseases, osteoporosis and osteomalacia, use of vitamin D and calcium
supplements, drugs that affect the metabolism of vitamin D and calcium, adherence to
special dietary regimens, starvation and anorexia, use of doping agents or anabolic drugs,
use of hormone therapy, pregnancy and lactation, as well as self-initiative withdrawal of
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respondents from further participation in the study. The control group consisted of healthy
volunteers registered at the Institute for Transfusion Medicine, as blood donors. They
also had to meet inclusion and exclusion criteria and undergo psychiatric examination
and assessment based on screening tools MoCa and ACE-R. By meeting the inclusion and
exclusion criteria, respondents were included consecutively from day one until reaching
the total number, in accordance with the sample size.

2.2. Methods

Respondents were recruited according to their medical history and predefined research
parameters: general information, personal and family history, and sociodemographic
characteristics. MoCa and ACE-R scoring was used to assess cognition. The tests were
administered immediately after enrollment. MoCa is a screening tool for rapid cognitive
assessment. The Serbian version of the Montreal Cognition Assessment 7.1 test was used
in this study. MoCa is a more recent test, designed in 1996 as a clinical tool for the
detection of mild cognitive impairment. It assesses attention and concentration, executive
function, memory, language, visuoconstructive ability, conceptualization, computation, and
orientation. The first test is an alternative matching of numbers and letters (five each), then
copying a cube and drawing a clock. The next two are visuospatial ability and executive
function, followed by the animal naming test. In the short-term memory test, there are two
attempts to repeat five common two-syllable words. The attention test requires repeating
a series of numbers forward and then a different series backward. There is also vigilance
and serial-7 subtraction test, too. Language abilities are tested through sentence repeating
and phonetic fluency. In the abstract thinking test, one looks for similarities between pairs
such as banana-orange, train-bike, and clock-ruler. This is followed by the delayed recall
and short-term memory test described above. MoCa ends with the orientation test (date,
month, year, day, place, and city). Scores on the MoCA range from zero to 30, with a score
of 26 and higher generally considered normal. Respondents who have less than 12 years of
formal education (elementary, high, or vocational school) are given a total of 1 point. A
total score below 26 points indicates cognitive deficiency.

The ACE-R is a widely used test of cognitive function and it has been reported to have
high specificity and sensitivity. The original version of the test was administered in Serbian.
Necessary test adjustments had to be made because of the cultural characteristics of the
study population. The Mini-mental State Examination (MMSE) is embedded in ACE-R. It
covers five cognitive domains: orientation, registration, attention and calculation, recall
and language (naming, repetition, 3-stage command, reading, writing, copying). ACE-R
evaluates these domains: verbal fluency, memory, language and visuospatial processing.
The achievement is assessed across 5 subscores: attention and orientation (18 points), short
and long-term memory and recognition (26 points), verbal fluency (14 points), language
(26 points), and visual and spatial skills (16 points). The maximum possible score is 100.
Anything below 82 points indicates cognitive deficiency.

Blood samples were taken for analysis to determine standard laboratory and study
parameters. The laboratory parameters were: blood sedimentation, complete blood count,
Aspartate aminotransferase (AST), Alanine aminotransferase (ALT), Gamma glutamyltrans-
ferase (GGT), potassium, sodium, calcium, phosphorus, magnesium, urea and creatinine.
The study parameter included screening for serum vitamin D level and blood sampling was
done with respondents’ consent. Namely, a single fasting morning venous blood sample
of 20 mL was obtained from each respondent between 7:00 and 9:00 a.m. Screening for
serum vitamin D levels was evaluated by electrochemiluminescence immunoassay (ECLIA)
on the Elecsys 2010 analyzer (Roche Diagnostics, Mannheim, Germany). Vitamin D total
assay was used for the quantitative determination of total 25-OH vitamin D in human
serum. The analytical measurement range of detection was 3.00-70.0 ng/mL, whereas the
intra-assay coefficients of variation (CVs) were <5.5%, and the inter-assay CVs were <7.0.
A reference range was 6.9-49.9 ng/mL with recommendation that desirable range should
be above 30 ng/mL. Biochemical analyzes were conducted by a specialist in medical bio-
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chemistry. Although there is considerable discussion on the serum concentrations of 25-OH
D associated with deficiency, the screening levels were matched against the commonly
agreed ones. Accordingly, sufficient concentration vitamin D levels are >30 ng/mL (or
>75 nmol/L). Vitamin D deficiency serum 25-OH D concentrations are <20 ng/mL (below
50 nmol/L), while vitamin D insufficiency serum 25-OH D concentrations are 21-29 ng/mL
(50 to 75 nmol /L) [20].

2.3. Statistical Analysis

Statistical analysis was performed using analytic and descriptive statistics. Following
data distribution using Kolmogorov-Smirnov and Shapiro-Wilk test, adequate reporting
was accomplished through the arithmetic mean and standard deviation and value range
or through the median and interquartile range with parametric test (One-way analysis
variance ANOVA). The influence of individual independent variables was determined
using the correlation coefficient (Spearman’s rank correlation). Pearson chi-square was
used to present categorical variables with absolute numbers and percentages. They helped
determine possible differences between the observed groups. The binary logistic regression
analysis was used for identification of predictive variables. There was statistical significance
on all scores with p < 0.05 or 95% confidence interval. The analysis was conducted using
the IBM Statistics SPSS v 23.0 statistical package.

3. Results
3.1. Sample Characteristics

Table 1 shows the sociodemographic characteristics of respondents. Statistical analysis
indicates that there was significant difference between three groups by the following data:
age (p = 0.023); marital status (p = 0.014); education (p = 0.000); employment (p = 0.000) and
financial status (p = 0.000).

Table 1. Sociodemographic characteristics of study population.

Number (%) of Respondents Total
Profile p
Alc+CD Alc Control (N =132)
Gender
Male 26 (78.8) 26 (78.8) 54 (81.8) 106 (80.3) p =0.909
Female 7 (21.2) 7 (21.2) 12 (18.2) 26 (19.7)
Mean age &= SD 53.64 + 3.9 50.73 + 7.7 50.47 + 4.8 51.33 + 5.6 p=0.023
Marital status
Married 13 (9.8) 16 (12.1) 44 (33.3) 73 (55.3)
Divorced 5(3.8) 10 (7.6) 4(3.0) 19 (14.4) p=0.014
Single 13 (9.8) 6 (4.5) 16 (12.1) 35 (26.5)
Widow /widower 2 (1.5) 1(0.8) 2 (1.5) 5(3.8)
Education
Elementary 14 (10.6) 6 (4.5) 1(0.8) 21 (15.9) = 0.000
Secondary 17 (12.9) 24 (18.2) 59 (44.7) 100 (75.8) p=u
Higher 2 (1.5) 3(2.3) 6 (4.5) 11 (8.3)
Employment
Unemployed 12 (36.4) 20 (60.6) 5(7.6) 37 (28.0) - 0.000
Employed 12 (36.4) 9 (27.3) 59 (89.4) 80 (60.6) p=5
Retired 9 (27.3) 4(12.1) 2 (3.0 15 (11.4)
Material status
Below average 12 (36.4) 8(24.2) 1(1.5) 21 (15.9) = 0.000
Average 20 (60.6) 23 (69.7) 54 (81.8) 97 (73.5) p="
Above average 1(3.0) 2(6.1) 11 (16.7) 14 (10.6)
Place of residence
Rural 12 (9.1) 8 (6.1) 10 (7.6) 30 (22.7) p =0.058
Urban 21 (15.9) 25 (18.9) 56 (42.4) 102 (77.3)

Notes: Alc + CD—alcohol-dependent individuals with cognitive deficiency; Alc—alcohol-dependent individuals
without cognitive deficiency; Control.
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Table 2 shows the laboratory parameters of respondents. Statistical analysis indicates
that there was a significant difference between three groups by the following data: red
blood counts (p = 0.000), white cell counts (p = 0.016), hemoglobin (p = 0.000), hematocrit
(p =0.000), platelet count (p = 0.001), creatinine (p = 0.000), potassium (p = 0.042), magnesium
(p =0.000), AST (p = 0.000), ALT (p = 0.000), GGT (p = 0.000).

Table 2. Laboratory parameters of the respondents.

Laboratory Parameters Alc + CD Alc Control F p
with Reference Range Mean + SD Mean + SD Mean + SD
Blood sedimentation
(0-12 mm /h) 92+6.1 88+95 7.7 £3.6 1.999 0.642
Red Blood Count
(3.86-5.08 x 1012/1) 44+05 47405 534+04 27.148 0.000
White Cell Count
(3.40-9.70 x 10° /L) 71+14 76+1.6 82+19 10.709 0.016
Hemoglobin
(119-157 g /L) 1424 +£12.2 146.3 £ 9.5 152.7 £ 9.1 9.958 0.000
Hematocrit
(0.36-0.47 1./L) 0.4 +0.04 0.4 £+ 0.03 0.4 £+ 0.04 8.797 0.000
Platelet Count
(158424 x 10°/L) 213.6 + 58.7 238.3 + 67.09 255.7 +47.16 6.852 0.001
Urea (2.5-6.7 mmol/L) 44+16 45+1.6 52414 4.897 0.100
Creatinine
(44-88 ymol /L) 69.8 +10.8 719 £11.9 88.0 £12.2 38.912 0.000
Glucose
(3.9-5.9 mmol /L) 5.14+0.6 49 +0.7 4.7+ 0.6 6.604 0.148
Aspartate aminotransferase
(035 U/L) 312+ 11.6 29.0 +£9.3 179 £5.3 46.715 0.000
Alanine aminotransferase
(0-45 U/L) 34.6 +15.3 319+114 199 +9.0 32472 0.000
Gamma
glutamyltransferase 524 +23.6 424 +244 223+9.3 39.836 0.000
(2-55U/L)
Potassium
(3.5-5.1 mmol /L) 4.6 0.5 4.6 +0.3 434+04 7.608 0.042
Calcium
(2.02-2.55 mmol /L) 23+0.1 234+0.1 234+0.1 1.102 0.235
Magnesium
(0.65-1.05 mmol /L) 0.8 +0.1 0.8 +0.1 09 +0.1 35.600 0.000
Sodium
(136-146 mmol /L) 140.5 £ 2.5 1403 £2.0 1404 + 2.6 0.343 0.953
Chloride
(98-107 mmol /L) 100.9 £ 3.9 100.6 £ 2.9 999 +£2.7 1.815 0.426
Phosphorus 1.09 £ 0.1 11£02 11+£02 0.073 0.951

(0.84-1.45 mmol/L)

Notes: mean (SD); mm/h—millimeters in one hour; mmol-millimole; umol—micromole; g—gram, L—liter, U—
unit; Ale + CD—alcohol-dependent individuals with cognitive deficiency; Alc—alcohol-dependent individuals
without cognitive deficiency; Controls.

3.2. Association between Vitamin D Status and Cognition

Of 132 respondents, 115 exhibited low vitamin D levels (85 with deficiency and 30 with
insufficiency). Respondents showed low vitamin D levels, deficiency, and insufficiency as
follows: in the Alc + CD group 25 and 5, respectively, in the Alc group 22 and 5 respectively,
and in controls 39 and 20, respectively.

The mean of serum vitamin D in the Alc + CD group was 13.7 &+ 9.4 (ng/mL), in the
Alc19.5 + 11.2 (ng/mL) and in controls 19.9 + 11.1 (ng/mL) (F (2129) = 3.940; p = 0.022),
respectively (Figure 1).
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Vitamin D (nhg/ml)

Alc+CD Alc Control
Group

Figure 1. Vitamin D levels by groups. Notes: Alc + CD—alcohol-dependent individuals with
cognitive deficiency; Alc—alcohol-dependent individuals without cognitive deficiency; Controls.

The mean MoCa score was 23.5 £ 1.5 in the Alc+CD group, 27.2 & 1.3 in the Alc,
and 27.9 & 1.1 in controls, respectively. There was statistical difference (F (2129) = 133.688;
p <0.0001). The mean ACE-R score was 74.24 + 6.1 in the Alc + CD group, 87.9 £ 4.2
in the Alc, and 92.9 £ 3.9 in controls, respectively. There was a statistical difference
(F (2129) =184.575; p < 0.0001).

Figure 2a,b show the association between serum vitamin D levels and cognitive
function across all three groups. Vitamin D values were matched against MoCa (p = 0.201,
N =132, p <0.021) and ACE-R (p = 0.273, N = 132, p < 0.002) scores and a weak positive
correlation was found.

28.00

26.00

2400

MoCa - Total

100.00

90.00

80.00

ACER - Total

70.00

60.00

50.00

0 10.00 2000 30.00 40.00 50.00
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(b)

Figure 2. (a) Correlation between serum vitamin D levels and cognitive function by groups on
the MoCa test. Note: MoCa Total- the Montreal Cognition Assessment total score. (b) Correlation
between serum vitamin D levels and cognitive function by groups on the ACE-R scale. Note: ACE-R
Total—Addenbrooke’s Cognitive Examination—Revised total score.
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Furthermore, the results showed that there was no statistically significant correlation
in individual groups of respondents (Table 3).

Table 3. Correlations between vitamin D levels and tests by individual groups.

25-OH Vitamin D MoCa—Total ACE-R—Total

9 0.268 0.201

Alc + CD 4 0.131 0.263
N 33 33

9 —0.092 —0.050

Alc 4 0.61 0.782
N 33 33

9 —0.144 0.015

Control 4 0.247 0.903
N 66 66

Notes: p—Spearman’s rank Correlation; Alc + CD—alcohol-dependent individuals with cognitive deficiency;
Alc—alcohol-dependent individuals without cognitive deficiency; Controls; MoCa—the Montreal Cognition
Assessment; ACE-R—Addenbrooke’s Cognitive Examination—Revised.

3.3. Vitamin D and Predictor Variables

All variables of importance for the study (sociodemographic characteristics, labora-
tory parameters, MoCa, and ACE-R tests) were included in a binary logistic regression
model, in order to determine possible predictive variables associated with vitamin D. The
results showed that only two covariates are associated with vitamin D: GGT (OR 0.38,
95% CI = 0.14-0.99, p < 0.05) and ACE-R scale (OR 1.09, 95% CI = 0.96-1.20, p < 0.05)
(Figure 3a,b). R? = 13.2% of the variance in vitamin D levels is explained by our model.

1.00 —
0.75

0.50

Vitamin D

0.25

0.00 -

(o] 20 40 60 80 100

0.75

0.50 —

Vitamin D

0.25

I T T 1
70 80 90 100

ACE-R scale
(b)

Figure 3. (a) Regression analysis of gamma glutamyltransferase. Note: GGT—gamma glutamyl-
transferase (b) Regression analysis of ACE-R scale. Note: ACE-R Total—Addenbrooke’s Cognitive
Examination—Revised total score.

4. Discussion

Our findings showed a weak correlation between serum vitamin D levels and cogni-
tive function across all three groups. In their review article, Tardelli et al. (2017) suggest
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that findings regarding the association between alcohol intake and serum vitamin D levels
are heterogeneous and that they equally demonstrate both positive and negative corre-
lations. The latest findings in large studies indicate positive correlations, while earlier
population-based studies on specific groups found more negative correlations (association
between vitamin D levels in alcohol-dependent individuals and healthy controls) [21]. Re-
spondents in this study exhibited similar sociodemographic characteristics according to the
rehabilitation center data: a higher prevalence of men than women, lower education levels,
and high unemployment rates [22]. The lower employment rate of the alcohol-dependent
respondents can be explained partly by their lifestyle and poor work experience. The
majority of respondents in all three groups finished secondary school, their material status
was average and they live in urban areas. Most of the alcohol-dependent respondents were
middle-aged. Likewise, other studies have shown that vitamin D deficiency is present
among the middle-aged population [23,24].

A recent study was conducted to investigate serum vitamin D levels in a sample of
55.844 Europeans and it showed that in 13% of the cases, vitamin D levels were lower
than 30 nmol/L [25]. In the present study, all three groups exhibited low vitamin D
levels. These findings are similar to other studies, which show that vitamin D deficiency is
more present in alcohol-dependent individuals [12,26,27], including patients who suffer
from mental disorders in comparison to the general population [10,28]. Furthermore,
alcohol-dependent individuals often exhibit low vitamin D levels as a direct result of
how alcohol exerts its influence on vitamin D metabolism (malabsorption of vitamin
D, decreased levels of the vitamin-D binding protein, reduced ability to hydroxylate
vitamin D in the liver), altered biliary excretion, insufficient food intake, or reduced sun
exposure. Studies conducted on animals have shown that chronic alcohol use may result
in decreased serum concentrations of 1,25-dihydroxyvitamin D due to impaired renal
synthesis and/or increased degradation of 1,25-dihydroxyvitamin D. Further research
is needed to identify different mechanisms which contribute to low vitamin D levels
associated with excessive alcohol use or intoxication [12,27-29]. Chun-Qiu Hu et al. (2020)
conducted a study on animals and found that vitamin D deficiency exacerbates cellular
apoptosis in alcohol-induced liver damage (it leads to hepatic inflammation and oxidative
stress—through regulation of oxidative and antioxidant enzymes) [29]. There are also
studies showing that excessive alcohol use is associated with increased serum levels of
25 (OH) D [30,31]. It has been suggested that alcohol use can block the conversion of 25-OH
D to 1,25-dihydroxyvitamin D [32] and that high levels of 25-OH D are therefore associated
with excessive alcohol use [31]. However, these reported findings need to be taken with
caution because 1,25-dihydroxyvitamin D is actually the active vitamin D metabolite.

With the discovery of vitamin D receptors and vitamin D hydroxylase in the brain,
there has been an increase in the number of studies on the possible association between
vitamin D and cognitive function [32]. Data obtained from studies on animals and in vitro
indicate that vitamin D plays a role in brain function by regulating neurotrophic factors,
neurotransmission, and influencing synaptic plasticity [33,34]. However, there is a lack of
consensus among population-based epidemiological studies on the association between
serum vitamin D deficiency and cognitive impairment [16,35-37]. The reason for this
inconsistency may well lie in the fact that it is very difficult to measure an individual’s
vitamin D levels in the long term. Serum concentration of 25-OH D is the accepted index of
vitamin D status and its life expectancy is approximately two-three weeks, while cognitive
impairment is a gradual and long-term process [33]. Cognitive screening is useful when
a more detailed neuropsychological assessment cannot be performed or is inadequate. A
number of cognitive screening tools are available. These also include ACE-R and MoCa
sensitivity tests [38]. Both instruments were validated to assess cognitive impairment
associated with substance abuse [19,39-41]. It is recommended that cognitive screening
be included at the onset of assessment of alcohol-dependent individuals, with further
assessment needed for those who exhibit objective impairment [42]. It also indicated that
MoCA and ACE-R are valid and time-efficient tools for detecting cognitive impairment in
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alcohol misuse. Regarding the association between vitamin D levels and cognitive function,
there was statistical significance between vitamin D deficiency on overall MoCA and
ACE-R scores in all groups. However, separate group results demonstrated no statistical
significance between vitamin D levels and cognitive impairment in alcohol-dependent
individuals. Although there are practically no literature data on the association between
vitamin D levels and cognitive impairment in alcohol-dependent individuals, a lot of
research has been completed in this field that demonstrates the association in different
population groups. Accordingly, Pettersen (2016) found a correlation between vitamin D
levels and verbal fluency in healthy controls [43]. Another study confirmed the association
between cognitive impairment and hypovitaminosis D in patients with a major depressive
disorder [44]. Some other studies have also found a positive correlation between vitamin
D deficiency and cognitive impairment [15,45-47]. In another randomized, double-blind,
placebo-controlled trial performed on the mental health of a group of 50 adolescents, the
effect of vitamin D supplementation on vitamin D status, executive function, and mental
health during the winter period was evaluated. The trial demonstrated that respondents
with low vitamin D levels exhibited poorer results on cognitive tests. Intake of vitamin
D supplements improved their performance on the most demanding tests [48]. Yet, two
different clinical trials with samples of over 10,000 subjects failed to prove the association
between low vitamin D levels and cognitive impairment. One trial included respondents
with a mean of 62 years [49], and the other recruited three different age groups (adolescents,
adults, and elderly) [50]. As for this study, to the best of our knowledge, no research to date
has examined the association between vitamin D deficiency and cognitive impairment in
the alcohol-dependent population.

Furthermore, our findings show that GGT proved to be a significant predictive factor
in vitamin D status. In other words, the higher GGT, the lower the vitamin D levels. Some
studies have confirmed that reduced serum vitamin D levels are associated with ethanol-
induced liver damage, which was manifested by abnormal serum AST values, steatosis, and
liver cirrhosis. However, the specific role of vitamin D in pathogenesis, disease progression,
and complications during alcoholic liver disease is not yet fully understood [51,52]. A
cross-sectional study involving a sample of 24,229 American adults examined the associa-
tion between vitamin D levels and four liver enzymes (AST, ALT, GGT, and AP-alkaline
phosphatase). The results confirmed that lower levels of vitamin D were associated with the
presence of higher abnormal values of liver enzymes, mainly AP, but not with the remain-
ing three enzymes. In addition, the correlation was much stronger in men, obese people,
people who consume alcohol, and people suffering from viral hepatitis [53]. Another study
investigating the association between vitamin D deficiency and liver enzymes (ALT, GGT,
AP) in subjects without liver disease did not confirm the correlation between these parame-
ters [54]. Given the current lack of research on the association between vitamin D and liver
enzymes, especially GGT in alcohol-related disorders, there is a need for further studies to
elucidate the precise mechanisms of the role of vitamin D in alcohol-induced hepatotoxicity.
In this study the ACE-R test battery stood out as a predictive factor of vitamin D levels, i.e.,
the higher the score on the scale, the higher the vitamin D levels. One study by a group
of Indian authors confirmed a positive correlation between vitamin D status and scores
on the MMSE and ACE-R screening tools in patients with mild cognitive impairment and
dementia [55]. Another retrospective cohort study examined the influence of vitamin D
status on the recovery of subjects after traumatic head injuries. The results confirmed that
subjects with vitamin D deficiency had significantly lower ACE-R scores compared to those
exhibiting insufficient or sufficient vitamin D levels. Vitamin D concentrations were also
significantly correlated with performance on the ACE-R test battery [56]. On the other
hand, there is a lack of research on the association between vitamin D status and ACE-R
scores in alcoholics, which indicates the need for further research.

Notwithstanding, there are several limitations to the study. First, it included only a
small number of respondents, in particular those with cognitive impairment. Respondents
with cognitive impairment were slightly older than the other two groups. Secondly, only
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a small sample of female respondents was recruited. A low vitamin D level detected in
the control group of respondents is also a confounding factor. Since this is a case-control
study, the cause-and-effect relationship between hypovitaminosis D and the cognitive
function of alcohol-dependent individuals needs to be further investigated in prospective
studies. Screening tools for assessing cognition can have false-positive and false-negative
results. An additional limitation was the measurement method of vitamin D. In direct
comparisons, immunoassay methods show bias and increased variability relative to a
liquid chromatography-tandem mass spectrometry (LC-MS/MS), which was recognized
as the gold standard. In addition, the present study was carried out in the period from
October to March when the northern hemisphere has less exposure to sunlight and as a
result, the expected vitamin D levels were lower. Furthermore, other confounding factors
are to be considered too: skin type, body mass index, liver, and renal function, geographical
location of residence, vitamin D intake, physical activity, smoking, and use of sunscreen.
Some of these parameters were taken into consideration but were not mentioned due to the
limitations of presenting the overall results.

5. Conclusions

In summary, the present study demonstrated vitamin D deficiency across all study
groups and at the same time, overall vitamin D deficiency in alcohol-dependent individuals.
There were positive correlations between vitamin D deficiency and cognitive function, but
with no statistical significance in the alcohol-dependent groups. Due to the limited data in
this field, the study provides insight into the potential role of vitamin D and its association
with cognitive impairment in alcohol-dependent individuals. As such, it gives rise to future
research in this field.

Author Contributions: V.B.B.: Conceptualization, Methodology, Formal analysis, Investigation, Data
Curation, Writing—Original Draft, Visualization, Project administration. G.M.: Conceptualization,
Methodology, Writing—Review and Editing, Supervision. N.Z.-R. Conceptualization, Resources,
Writing—Review and Editing, Supervision. L.N.: Conceptualization, Resources, Writing—Review
and Editing, Supervision. M.M.: Conceptualization, Investigation, Data Curation, Writing—Review
and Editing. V.B.: Conceptualization, Investigation, Data Curation, Writing—Review and Editing.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by Ethics Committee of the University Clinical Center of the Republic of
Srpska (Number: 01-9-371-2/18) on 5 July 2018.

Informed Consent Statement: Informed consent was obtained from all the participants involved in
the study.

Data Availability Statement: The datasets used and analyzed during this study are available from
the corresponding author upon reasonable request. The data were not publicly available because of
ethical considerations.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ogunsakin, O.; Hottor, T.; Mehta, A.; Lichtveld, M.; McCaskill, M. Chronic Ethanol Exposure Effects on Vitamin D Levels among
Subjects with Alcohol Use Disorder. Environ. Health Insights 2016, 10, 191-199. [CrossRef] [PubMed]

2. Orio, L.; Anton, M.; Rodriguez-Rojo, I.C.; Correas, A.; Garcia-Bueno, B.; Corral, M.; De Fonseca, FR.; Garcia-Moreno, L.M.;
Maestu, F.; Cadaveira, F. Young alcohol binge drinkers have elevated blood endotoxin, peripheral inflammation and low cortisol
levels: Neuropsychological correlations in women. Addict. Biol. 2017, 23, 1130-1144. [CrossRef] [PubMed]

3. Venkataraman, A.; Kalk, N.; Sewell, G.; Ritchie, C.W.; Lingford-Hughes, A. Erratum: Alcohol and Alzheimer’s Disease—Does
Alcohol Dependence Contribute to Beta-Amyloid Deposition, Neuroinflammation and Neurodegeneration in Alzheimer’s
Disease? Alcohol Alcohol. 2016, 52, 158. [CrossRef] [PubMed]

4. Bae, H.; Kim, D.-J.; Han, C.; Ra, Y. Decreased serum level of NGF in alcohol-dependent patients with declined executive function.

Neuropsychiatr. Dis. Treat. 2014, 10, 2153-2157. [CrossRef]


http://doi.org/10.4137/EHI.S40335
http://www.ncbi.nlm.nih.gov/pubmed/27795667
http://doi.org/10.1111/adb.12543
http://www.ncbi.nlm.nih.gov/pubmed/28840951
http://doi.org/10.1093/alcalc/agw101
http://www.ncbi.nlm.nih.gov/pubmed/28182204
http://doi.org/10.2147/NDT.S72067

Healthcare 2022, 10, 1772 11 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Donoghue, K.; Rose, A.; Coulton, S.; Milward, J.; Reed, K.; Drummond, C.; Little, H. Double-blind, 12 month follow-up,
placebo-controlled trial of mifepristone on cognition in alcoholics: The MIFCOG trial protocol. BMC Psychiatry 2016, 16, 40.
[CrossRef]

Lauretani, F.; Maggio, M.; Valenti, G.; Dall’Aglio, E.; Ceda, G.P. Vitamin D in older population: New roles for this ‘classic actor’?
Aging Male 2010, 13, 215-232. [CrossRef]

Kesby, J.P; Eyles, D.W.; Burne, T.H.]J.; McGrath, ].J. The effects of vitamin D on brain development and adult brain function. Mol.
Cell. Endocrinol. 2011, 347, 121-127. [CrossRef]

Panwar, B.; Judd, S.E.; Howard, VJ.; Jenny, N.S.; Wadley, V.G.; Gutiérrez, O.M. Vitamin D, Fibroblast Growth Factor 23 and
Incident Cognitive Impairment: Findings from the REGARDS Study. PLoS ONE 2016, 11, e0165671. [CrossRef]

Kjeergaard, M.; Joakimsen, R.; Jorde, R. Low serum 25-hydroxyvitamin D levels are associated with depression in an adult
Norwegian population. Psychiatry Res. 2011, 190, 221-225. [CrossRef]

Lerner, P.P.,; Sharony, L.; Miodownik, C. Association between mental disorders, cognitive disturbances and vitamin D serum level:
Current state. Clin. Nutr. ESPEN 2018, 23, 89-102. [CrossRef]

Anglin, R.E.; Samaan, Z.; Walter, S.D.; McDonald, S.D. Vitamin D deficiency and depression in adults: Systematic review and
meta-analysis. Br. J. Psychiatry 2013, 202, 100-107. [CrossRef] [PubMed]

Lee, K. Sex-specific relationships between alcohol consumption and vitamin D levels: The Korea National Health and Nutrition
Examination Survey 2009. Nutr. Res. Pract. 2012, 6, 86-90. [CrossRef] [PubMed]

Gorter, E.A ; Krijnen, P,; Schipper, I.B. Vitamin D deficiency in adult fracture patients: Prevalence and risk factors. Eur. |. Trauma
Emerg. Surg. 2016, 42, 369-378. [CrossRef] [PubMed]

Annweiler, C.; Maby, E.; Meyerber, M.; Beauchet, O. Hypovitaminosis D and Executive Dysfunction in Older Adults with Memory
Complaint: A Memory Clinic-Based Study. Dement. Geriatr. Cogn. Disord. 2014, 37, 286-293. [CrossRef] [PubMed]

Nimitphong, H.; Holick, M.E. Vitamin D, neurocognitive functioning and immunocompetence. Curr. Opin. Clin. Nutr. Metab. Care
2011, 14, 7-14. [CrossRef]

Etgen, T.; Sander, D.; Bickel, H.; Sander, K.; Forstl, H. Vitamin D Deficiency, Cognitive Impairment and Dementia: A Systematic
Review and Meta-Analysis. Dement. Geriatr. Cogn. Disord. 2012, 33, 297-305. [CrossRef]

Milovanovic, D.R,; Janjic, V.; Zornic, N.; Dejanovic, S.D.; Jankovié¢, S.M. Risperidone-Associated Hypocalcemia. Am. |. Psychiatry
2010, 167, 1533-1534. [CrossRef]

Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The
Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 2005, 53,
695-699, Erratum in |. Am. Geriatr. Soc. 2019, 67, 1991. [CrossRef]

Mioshi, E.; Dawson, K.; Mitchell, J.; Arnold, R.; Hodges, ].R. The Addenbrooke’s Cognitive Examination Revised (ACE-R): A
brief cognitive test battery for dementia screening. Int. J. Geriatr. Psychiatry 2006, 21, 1078-1085. [CrossRef]

Lips, P.; Cashman, K.D.; Lamberg-Allardt, C.; Bischoff-Ferrari, H.A.; Obermayer-Pietsch, B.; Bianchi, M.L.; Stepan, J.; El-Hajj
Fuleihan, G.; Bouillon, R. Current vitamin D status in European and Middle East countries and strategies to prevent vitamin D
deficiency: A position statement of the European Calcified Tissue Society. Eur. |. Endocrinol. 2019, 180, P23-P54. [CrossRef]
Tardelli, V.S.; Lago, M.PP.D,; da Silveira, D.X.; Fidalgo, T.M. Vitamin D and alcohol: A review of the current literature. Psychiatry
Res. 2017, 248, 83-86. [CrossRef] [PubMed]

Pelletier, S.; Alarcon, R.; Ewert, V.; Forest, M.; Nalpas, B.; Perney, P. Comparison of the MoCA and BEARNI tests for detection of
cognitive impairment in in-patients with alcohol use disorders. Drug Alcohol Depend. 2018, 187, 249-253. [CrossRef]

Ritz, L.; Coulbault, L.; Lannuzel, C.; Boudehent, C.; Segobin, S.; Eustache, F.; Vabret, F,; Pitel, A.L.; Beaunieux, H. Clinical and
Biological Risk Factors for Neuropsychological Impairment in Alcohol Use Disorder. PLoS ONE 2016, 11, e0159616. [CrossRef]
Schuster, R.; Koopmann, A.; Grosshans, M.; Reinhard, I.; Spanagel, R.; Kiefer, F. Association of plasma calcium concentrations
with alcohol craving: New data on potential pathways. Eur. Neuropsychopharmacol. 2017, 27, 42—47. [CrossRef]

Cashman, K.D.; Dowling, K.G; Skrabakova, Z.; Gonzalez-Gross, M.; Valtuedia, J.; De Henauw, S.; Moreno, L.; Damsgaard, C.T.;
Michaelsen, K.F.; Melgaard, C.; et al. Vitamin D deficiency in Europe: Pandemic? Am. ]. Clin. Nutr. 2016, 103, 1033-1044.
[CrossRef] [PubMed]

Neupane, S.P; Lien, L.; Hilberg, T.; Bramness, ].G. Vitamin D deficiency in alcohol-use disorders and its relationship to comorbid
major depression: A cross-sectional study of inpatients in Nepal. Drug Alcohol Depend. 2013, 133, 480—485. [CrossRef]

Naude, C.E.; Carey, P.D.; Laubscher, R.; Fein, G.; Senekal, M. Vitamin D and Calcium Status in South African Adolescents with
Alcohol Use Disorders. Nutrients 2012, 4, 1076-1094. [CrossRef]

Cuomo, A.; Maina, G.; Bolognesi, S.; Rosso, G.; Crescenzi, B.B.; Zanobini, F.; Goracci, A.; Facchi, E.; Favaretto, E.; Baldini, L; et al.
Prevalence and Correlates of Vitamin D Deficiency in a Sample of 290 Inpatients with Mental Illness. Front. Psychiatry 2019, 10, 167.
[CrossRef]

Hu, C.-Q.; Bo, Q.-L.; Chu, L.-L.; Hu, Y.-D.; Fu, L.; Wang, G.-X,; Lu, Y,; Liu, X.-J.; Wang, H.; Xu, D.-X. Vitamin D Deficiency
Aggravates Hepatic Oxidative Stress and Inflammation during Chronic Alcohol-Induced Liver Injury in Mice. Oxidative Med.
Cell. Longev. 2020, 2020, 5715893. [CrossRef]

Skaaby, T.; Husemoen, L.L.N.; Thuesen, B.H.; Pisinger, C.; Hannemann, A.; Jorgensen, T.; Linneberg, A. Longitudinal associations
between lifestyle and vitamin D: A general population study with repeated vitamin D measurements. Endocrine 2016, 51, 342-350.
[CrossRef]


http://doi.org/10.1186/s12888-016-0757-1
http://doi.org/10.3109/13685538.2010.487551
http://doi.org/10.1016/j.mce.2011.05.014
http://doi.org/10.1371/journal.pone.0165671
http://doi.org/10.1016/j.psychres.2011.06.024
http://doi.org/10.1016/j.clnesp.2017.11.011
http://doi.org/10.1192/bjp.bp.111.106666
http://www.ncbi.nlm.nih.gov/pubmed/23377209
http://doi.org/10.4162/nrp.2012.6.1.86
http://www.ncbi.nlm.nih.gov/pubmed/22413045
http://doi.org/10.1007/s00068-015-0550-8
http://www.ncbi.nlm.nih.gov/pubmed/26194498
http://doi.org/10.1159/000356483
http://www.ncbi.nlm.nih.gov/pubmed/24356580
http://doi.org/10.1097/MCO.0b013e3283414c38
http://doi.org/10.1159/000339702
http://doi.org/10.1176/appi.ajp.2010.10071003
http://doi.org/10.1111/j.1532-5415.2005.53221.x
http://doi.org/10.1002/gps.1610
http://doi.org/10.1530/EJE-18-0736
http://doi.org/10.1016/j.psychres.2016.10.051
http://www.ncbi.nlm.nih.gov/pubmed/28033511
http://doi.org/10.1016/j.drugalcdep.2018.02.026
http://doi.org/10.1371/journal.pone.0159616
http://doi.org/10.1016/j.euroneuro.2016.11.007
http://doi.org/10.3945/ajcn.115.120873
http://www.ncbi.nlm.nih.gov/pubmed/26864360
http://doi.org/10.1016/j.drugalcdep.2013.07.006
http://doi.org/10.3390/nu4081076
http://doi.org/10.3389/fpsyt.2019.00167
http://doi.org/10.1155/2020/5715893
http://doi.org/10.1007/s12020-015-0641-7

Healthcare 2022, 10, 1772 12 of 13

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Petrenya, N.; Lamberg-Allardt, C.; Melhus, M.; Broderstad, A.R.; Brustad, M. Vitamin D status in a multi-ethnic population of
northern Norway: The SAMINOR 2 Clinical Survey. Public Health Nutr. 2019, 23, 1186-1200. [CrossRef] [PubMed]

Turner, R.T.; Aloia, R.C.; Segel, L.D.; Hannon, K.S.; Bell, N.H. Chronic Alcohol Treatment Results in Disturbed Vitamin D
Metabolism and Skeletal Abnormalities in Rats. Alcohol. Clin. Exp. Res. 1988, 12, 159-162. [CrossRef] [PubMed]

Gao, Q.; Luan, D.; Wang, X.; Xin, S.; Liu, Y.; Li, J. Effect of sun exposure on cognitive function among elderly individuals in
Northeast China. Clin. Interv. Aging 2018, 13, 2075-2082. [CrossRef] [PubMed]

Groves, N.J.; McGrath, ].J.; Burne, T.H. Vitamin D as a Neurosteroid Affecting the Developing and Adult Brain. Annu. Rev. Nutr.
2014, 34, 117-141. [CrossRef]

Garcion, E.; Wion-Barbot, N.; Montero-Menei, C.N.; Berger, F.; Wion, D. New clues about vitamin D functions in the nervous
system. Trends Endocrinol. Metab. 2002, 13, 100-105. [CrossRef]

Anastasiou, C.A.; Yannakoulia, M.; Scarmeas, N. Vitamin D and Cognition: An Update of the Current Evidence. ]. Alzheimer’s Dis.
2014, 42, S71-S80. [CrossRef]

Miller, ] W.; Harvey, D.J.; Beckett, L.A.; Green, R.; Farias, S.T.; Reed, B.R.; Olichney, ].M.; Mungas, D.M.; DeCarli, C. Vitamin D
Status and Rates of Cognitive Decline in a Multiethnic Cohort of Older Adults. JAMA Neurol. 2015, 72, 1295-1303. [CrossRef]
Hayes, V.; Demirkol, A.; Ridley, N.; Withall, A.; Draper, B. Alcohol-related cognitive impairment: Current trends and future
perspectives. Neurodegener. Dis. Manag. 2016, 6, 509-523. [CrossRef]

Ridley, N.; Batchelor, J.; Draper, B.; Demirkol, A.; Lintzeris, N.; Withall, A. Cognitive screening in substance users: Diagnostic
accuracies of the Mini-Mental State Examination, Addenbrooke’s Cognitive Examination-Revised, and Montreal Cognitive
Assessment. J. Clin. Exp. Neuropsychol. 2018, 40, 107-122. [CrossRef]

Copersino, M.L.; Fals-Stewart, W.; Fitzmaurice, G.; Schretlen, D.].; Sokoloff, ].; Weiss, R.D. Rapid cognitive screening of patients
with substance use disorders. Exp. Clin. Psychopharmacol. 2009, 17, 337-344. [CrossRef]

Gilchrist, G.; Morrison, D.S. Prevalence of alcohol related brain damage among homeless hostel dwellers in Glasgow. Eur. .
Public Health 2005, 15, 587-588. [CrossRef] [PubMed]

Excellence NIFC. Alcohol-Use Disorders: Diagnosis, Assessment and Management of Harmful Drinking and Alcohol Dependence.
NICE. Available online: www.nice.org.uk/guidance/qs11 (accessed on 22 April 2020).

Pettersen, J.A. Vitamin D and executive functioning: Are higher levels better? J. Clin. Exp. Neuropsychol. 2016, 38, 467-477.
[CrossRef] [PubMed]

Belzeaux, R.; Annweiler, C.; Bertrand, J.A.; Beauchet, O.; Pichet, S.; Jollant, F,; Turecki, G.; Richard-Devantoy, S. Association
between hypovitaminosis D and cognitive inhibition impairment during major depression episode. J. Affect. Disord. 2018, 225,
302-305. [CrossRef] [PubMed]

Brouwer-Brolsma, E.M.; De Groot, L.C. Vitamin D and cognition in older adults: An update of recent findings. Curr. Opin. Clin.
Nutr. Metab. Care 2015, 18, 11-16. [CrossRef]

Wilson, V.K.; Houston, D.K,; Kilpatrick, L.; Lovato, J.; Yaffe, K.; Cauley, J.A.; Harris, T.B.; Simonsick, E.M.; Ayonayon, H.N.;
Kritchevsky, S.B.; et al. Relationship between 25-hydroxyvitamin D and cognitive function in older adults: The Health, Aging
and Body Composition Study. J. Am. Geriatr. Soc. 2014, 62, 636—641. [CrossRef]

Perna, L.; Mons, U.; Kliegel, M.; Brenner, H. Serum 25-Hydroxyvitamin D and Cognitive Decline: A Longitudinal Study among
Non-Demented Older Adults. Dement. Geriatr. Cogn. Disord. 2014, 38, 254-263. [CrossRef]

Grung, B.; Sandvik, A.M.; Hjelle, K; Dahl, L.; Freyland, L.; Nygdrd, I.; Hansen, A.L. Linking vitamin D status, executive
functioning and self-perceived mental health in adolescents through multivariate analysis: A randomized double-blind placebo
control trial. Scand. J. Psychol. 2017, 58, 123-130. [CrossRef]

Schneider, A.L.; Lutsey, P.L.; Alonso, A.; Gottesman, R.F,; Sharrett, A.R.; Carson, K.A.; Gross, M.; Post, W.S.; Knopman, D.S,;
Mosley, T.H.; et al. Vitamin D and cognitive function and dementia risk in a biracial cohort: The ARIC Brain MRI Study. Eur. J.
Neurol. 2014, 21, 1211-e70. [CrossRef]

McGrath, J.; Scragg, R.; Chant, D.; Eyles, D.; Burne, T.; Obradovic, D. No Association between Serum 25-Hydroxyvitamin D3
Level and Performance on Psychometric Tests in NHANES III. Neuroepidemiology 2007, 29, 49-54. [CrossRef]

Barchetta, I.; Angelico, E; Del Ben, M.; Baroni, M.G.; Pozzilli, P.; Morini, S.; Cavallo, M.G. Strong association between non
alcoholic fatty liver disease (NAFLD) and low 25(OH) vitamin D levels in an adult population with normal serum liver enzymes.
BMC Med. 2011, 9, 85. [CrossRef]

Wu, J.; Meng, Q.-H. Current understanding of the metabolism of micronutrients in chronic alcoholic liver disease. Worid ].
Gastroenterol. 2020, 26, 4567-4578. [CrossRef] [PubMed]

He, X.; Xu, C; Lu, Z.-H.; Fang, X.-Z.; Tan, J.; Song, Y. Low serum 25-hydroxyvitamin D levels are associated with liver injury
markers in the US adult population. Public Health Nutr. 2020, 23, 2915-2922. [CrossRef] [PubMed]


http://doi.org/10.1017/S1368980018003816
http://www.ncbi.nlm.nih.gov/pubmed/30767841
http://doi.org/10.1111/j.1530-0277.1988.tb00152.x
http://www.ncbi.nlm.nih.gov/pubmed/3279849
http://doi.org/10.2147/CIA.S179355
http://www.ncbi.nlm.nih.gov/pubmed/30425462
http://doi.org/10.1146/annurev-nutr-071813-105557
http://doi.org/10.1016/S1043-2760(01)00547-1
http://doi.org/10.3233/JAD-132636
http://doi.org/10.1001/jamaneurol.2015.2115
http://doi.org/10.2217/nmt-2016-0030
http://doi.org/10.1080/13803395.2017.1316970
http://doi.org/10.1037/a0017260
http://doi.org/10.1093/eurpub/cki036
http://www.ncbi.nlm.nih.gov/pubmed/16162595
www.nice.org.uk/guidance/qs11
http://doi.org/10.1080/13803395.2015.1125452
http://www.ncbi.nlm.nih.gov/pubmed/26708262
http://doi.org/10.1016/j.jad.2017.08.047
http://www.ncbi.nlm.nih.gov/pubmed/28843080
http://doi.org/10.1097/MCO.0000000000000114
http://doi.org/10.1111/jgs.12765
http://doi.org/10.1159/000362870
http://doi.org/10.1111/sjop.12353
http://doi.org/10.1111/ene.12460
http://doi.org/10.1159/000108918
http://doi.org/10.1186/1741-7015-9-85
http://doi.org/10.3748/wjg.v26.i31.4567
http://www.ncbi.nlm.nih.gov/pubmed/32884217
http://doi.org/10.1017/S1368980020000348
http://www.ncbi.nlm.nih.gov/pubmed/32576302

Healthcare 2022, 10, 1772 13 of 13

54. Naderpoor, N.; Mousa, A.; De Courten, M.; Scragg, R.; De Courten, B. The relationship between 25-hydroxyvitamin D concentra-
tion and liver enzymes in overweight or obese adults: Cross-sectional and interventional outcomes. |. Steroid Biochem. Mol. Biol.
2018, 177,193-199. [CrossRef] [PubMed]

55. Deo, SS.; Vedak, TK.; Ganwir, V.; Shah, A.B.; Pinto, C.; Lele, V.R,; Subramanyam, A.; Shah, H. Vitamin D as a marker of cognitive
decline in elderly Indian population. Ann. Indian Acad. Neurol. 2015, 18, 314-319. [CrossRef]

56. Jamall, O.A,; Feeney, C.; Zaw-Linn, ].; Malik, A.; Niemi, M.E.; Jiménez, C.T.; Ham, T.E,; Jilka, S.R.; Jenkins, P.O.; Scott, G.; et al.
Prevalence and correlates of vitamin D deficiency in adults after traumatic brain injury. Clin. Endocrinol. 2016, 85, 636-644.
[CrossRef]


http://doi.org/10.1016/j.jsbmb.2017.09.009
http://www.ncbi.nlm.nih.gov/pubmed/28899715
http://doi.org/10.4103/0972-2327.160052
http://doi.org/10.1111/cen.13045

	Introduction 
	Materials and Methods 
	Subjects 
	Methods 
	Statistical Analysis 

	Results 
	Sample Characteristics 
	Association between Vitamin D Status and Cognition 
	Vitamin D and Predictor Variables 

	Discussion 
	Conclusions 
	References

