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Abstract: A growing body of evidence suggests that vitamin supplements play a role in the prevention
of cognitive decline. The objective of the present cross-sectional study was to evaluate the relationship
between cognitive ability and folic acid, B vitamins, vitamin D (VD) and Coenzyme Q10 (CoQ10)
supplementation. The sample consisted of 892 adults aged above 50 who were assessed for their
cognitive status in the Shanghai Sixth People’s Hospital Affiliated to Shanghai Jiao Tong University
School of Medicine (China) from July 2019 to January 2022. According to the degree of cognitive
impairment, the subjects were divided into a normal control (NC) group, subjective cognitive decline
(SCD) group, mild cognitive impairment (MCI) group and Alzheimer’s disease (AD) group. The
results indicated a lower risk of AD in the daily VD-supplemented subjects with MCI compared
to those who were not supplemented; a lower risk of cognitive impairment in those with normal
cognitive who consumed VD, folic acid or CoQ10 on a daily basis compared those who did not; and
a lower risk of cognitive impairment in subjects with normal cognitive performance who consumed
B vitamin supplements, either daily or occasionally, compared to those who did not. The correlation
was independent of other factors that potentially affect cognition, such as education level, age, etc.
In conclusion, our findings confirmed a lower prevalence of cognitive impairment in those who
took vitamins (folic acid, B vitamins, VD, CoQ10) daily. Therefore, we would recommend daily
supplementation of vitamins (folic acid, B vitamins, VD, CoQ10), especially group B vitamins, as
a potential preventive measure to slow cognitive decline and neurodegeneration in the elderly.
However, for the elderly who have already suffered from cognitive impairment, VD supplementation
may also be beneficial for their brains.
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1. Introduction

Alzheimer’s disease (AD) is the most common form of dementia. The loss of short-term
memory is a hallmark of its initial stage, followed by progressive impairment in multiple
cognitive areas. With the aging of the population, the prevalence of neurodegenerative
diseases related to aging is increasing. The latest epidemiological surveys in China and the
United States show that the adjusted prevalence rate of mild cognitive impairment (MCI)
is more than twice that of AD. In China, the total prevalence of dementia in people aged
60 and over is 6.0% (95%CI 5.8-6.3). It is estimated that there are about 15.07 million people
with dementia, of which AD accounts for about 9.83 million (65.23%) [1,2].

Nutrients 2023, 15, 1243. https:/ /doi.org/10.3390/nu15051243

https:/ /www.mdpi.com/journal /nutrients


https://doi.org/10.3390/nu15051243
https://doi.org/10.3390/nu15051243
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0003-2445-0420
https://doi.org/10.3390/nu15051243
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu15051243?type=check_update&version=1

Nutrients 2023, 15, 1243

2 of 14

Despite the in-depth study of pathological biomarkers of cognitive impairment in
recent years, the clinical diagnosis of AD still depends on clinical phenotypic manifesta-
tions [3]. The diagnostic criteria may be challenged during the interval of several decades
from the preclinical stage, with only pathological changes to the appearance of clinically
identifiable symptoms in AD. The deficiency in the ability to encode and store new mem-
ories is characteristic of the initial stage of the disease called subjective cognitive decline
(5CD), which is characterized by mild distraction. SCD can progress to MCI and be identi-
fied by neuropsychological tests. MCl is the earliest stage in which AD can be diagnosed,
followed by gradual deterioration of cognitive and functional disorders, resulting in loss
of independence and death [4]. Therefore, during the prodromal period of AD, we look
forward to early identification of various protective and risk factors of AD and appro-
priate implementation of non-drug intervention strategies such as behavioral prevention
strategies to provide a basis for delaying the progression of dementia [5].

In 2021, China published the Expert Consensus on Brain and Nutrition Intervention
for Alzheimer’s Disease, which pointed out the three-level prevention of AD based on
the theory of “intestinal flora-brain-intestine axis” and emphasized the importance of
“early, coordinated, holistic and long-term” nutrition intervention [6]. As an important part
of dietary nutrition, vitamins have a variety of functions in the central nervous system,
which assist in maintaining brain health and optimal cognitive function. Supplementing
various vitamins in the diet is considered a means to maintain cognitive function and
even prevent Alzheimer’s disease [7]. The effects of multivitamins on cognitive decline
and dementia have been widely studied. A meta-analysis found that supplementation
of B-complex vitamins, especially folic acid, might play a positive role in delaying and
preventing the risk of cognitive decline; ascorbic acid and a high dose of vitamin E also
had positive effects on cognitive ability. With regard to vitamin D (VD) supplementation,
the results observed in different trials varied widely, which led to a lack of certainty in
assessing the potential benefits that VD might have on cognition [8]. In a randomized
controlled trial (RCT), where 32 healthy adults aged 30 to 65 years old were given high-
dose B vitamins, serum marker tests showed that high-dose B vitamins could reduce
serum homocysteine (Hcy), indicating that high-dose B vitamin supplementation might
effectively reduce oxidative stress and inflammation by increasing oxidative metabolism
and promote myelination, cell metabolism and energy storage [9]. It was also found that
folic acid (0.8 mg) and docosahexaenoic acid (DHA) (800 mg) supplementation, alone
or in combination for 6 months, could reduce Amyloid 3 (Af3)-related biomarkers and
improve cognitive function in patients with MCI [10]. VD is involved in regulating the
metabolism of calcium and phosphate in living organisms. A review reported the key role
played by VD in the integrity of neurocognitive function, which led to a variety of cognitive
symptoms when this integrity was compromised [11]. Another review demonstrated that
evidence on the effects of vitamin and mineral supplements in MCI treatment was still
limited [12]. Coenzyme Q10 (CoQ10) was found to be related to oxidative stress. The
decline in cognitive ability might be attributed to a decline in antioxidant defense ability,
reflected in the low plasma CoQ10 level in the elderly [13].

Overall, the aim of our study was to explore the relationship between vitamin sup-
plements (folic acid, B vitamins, VD, CoQ10) and the cognitive level of the middle-aged
and elderly. This was the first article in our series of studies on diet and cognitive function,
followed by an exploration of cognitive function and daily dairy products, red wine, green
tea, coffee, curry, common oil intake, dietary composition awareness and so on.

2. Materials and Methods
2.1. Population Study

This population-based cross-sectional study recruited those aged over 50 who took
cognitive assessment in the Shanghai Sixth People’s Hospital Affiliated to Shanghai Jiao
Tong University School of Medicine (China) from July 2019 to January 2022. The inclusion
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criteria involved participants who: (I) were 50 years old and above, regardless of sex; (II) had
completed the standardized examination and diagnosed the degree of cognitive impairment.

Participants were excluded if they met one of the following criteria: (I) missing clinical
data or lost follow-up; (II) have suffered from depression, schizophrenia and other mental
diseases; (III) were unable to cooperate with the inspection for various reasons; (IV) have
suffered from various secondary cognitive disorders; (V) were unable to be grouped
according to the diagnostic criteria of cognitive impairment. According to the inclusion
and exclusion criteria, 892 questionnaires on eating habits were finally collected. Then, the
subjects were divided into four groups according to their cognitive function, including
184 in the AD group, 296 in the MCI group, 227 in the SCD group and 185 in the NC group.

The project was approved by the Ethics Committee of the Shanghai Sixth People’s
Hospital Affiliated to Shanghai Jiao Tong University School of Medicine (China). The study
was performed in accordance with the principles of the Declaration of Helsinki (approval
number 2019-041). All participants provided written informed consent to participate in
the study.

2.2. Data Collection

In this study, patients’” information was collected using dietary habit questionnaire,
including: 1. Basic clinical information: demographic data (gender, age, years of education,
height, weight, waistline, marital status, AD history of first-degree relatives), basic physical
condition (tooth loss, one-year history of surgery), disease history (hypertension, diabetes,
periodontitis, diarrhea, constipation, allergy history), drug history (metformin, antibiotics,
personally recognized drugs) and personal history (smoking habits, drinking habits);
2. Vitamin supplements (folic acid, B vitamins, VD, CoQ10). The dietary habit questionnaire
was filled out by family members or people familiar with the subjects’ eating habits so that
the reliability of the questionnaire was not affected by the patients’ cognitive impairment.

The questionnaire of dietary habits referred to the dietary guidelines of China Nu-
trition Society [14], dietary approaches to stop hypertension diet (DASH diet) [15], the
Mediterranean-DASH intervention for neurodegenerative delay (MIND) [16], the Dutch
healthy diet food frequency questionnaire (DHD-FFQ) that was used by Wesselman
(2019) [17] to survey patients with SCD and the modified Mediterranean—Ketogenic diet
published by Nagpal (2019) [18].

Among them, the questionnaire question about vitamins was on whether participants
supplement folic acid /B vitamins/VD/CoQ10. The answers were recorded as: 1. Daily (for
those who take the above vitamins at least once a day); 2. Occasionally (for those who take
the above vitamins but take them less frequently or irregularly); and 3. Not at all (for those
who basically do not take the above vitamins). Using the same method, we investigated
other clinical data of the subjects.

2.3. Assessments

All participants in the study received in-depth neuropsychological evaluation that
covered a wide range of cognitive functions.

We conducted medical history inquiry, physical examination, neuropsychological test,
laboratory examination (genetic detection such as apolipoprotein E (APOE)) and imaging
examination (brain MRI, AB-PET). AB-PET was examined in only 1/2 subjects, while
MRI and APOE were completed in all subjects. The diagnosis of AD is based on NIA-AA
clinical standard in 2011 [19]. The diagnosis of MCl is based on MCI generalized diagnostic
standard [20] proposed by MCI International Working Group and Petersen standard [21].
The diagnosis of SCD is based on the standard proposed by Jessen et al. [22].

At the same time, we used Mini Mental State examination (MMSE), Montreal Cognitive
Assessment—Basic (MoCA-B) [23] and The Addenbrook’s Cognitive Examination (ACE-
III) [24] to evaluate the cognitive function of these subjects. All of our scales were evaluated
by experienced clinical psychology staff who were trained prior to the project.
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2.4. Data Analysis

Four groups of subjects were divided into three categories: the NC group and the SCD
group in Category one; the MCI group and the AD group in Category two; the cognitive
normal group (the NC group + the SCD group) and the cognitive impaired group (the
MCI group + the AD group) in Category three. Chi-square test was used to compare the
demographic data, basic physical condition, drug history, smoking habits, drinking habits
and vitamin supplements (folic acid, B vitamins, VD, CoQ10) of the above three categories.
Similarly, the continuous variables were compared by independent sample T test. The
cognitive function of Category two and three was evaluated by covariance analysis, with
age and education level as covariables. Classified variables are expressed by frequency (%),
and continuous variables are expressed by mean =+ standard deviation (M £ SD).

Multivariable logistic regression analysis was performed for the independent asso-
ciations with cognitive level using the variables at p < 0.05 from the univariate analysis.
We used different logistic regression models to examine the relationship between vitamin
supplements (folic acid, B vitamins, VD, CoQ10) and different cognitive levels, taking
vitamins (folic acid, B vitamins, VD, CoQ10) as a category (daily, occasionally, not at
all). Model a did not control any variables. Model b controlled some variables, such as
Category two controlled education, age, dieting to lose weight, diarrhea, allergy history
and pro-cognitive drug use and Category three controlled education, age, sex, marriage,
allergic history and pro-cognitive drug use. Model c adjusted for all variables in Model
b + the supplementation of other vitamin variables according to the situation. The data
were analyzed using SPSS25.0 software, and the difference was statistically significant
with p < 0.05.

3. Results

According to the results of univariate analysis in Table 1, compared with the NC
group, the SCD group had more women and more diarrhea. Compared with the MCI
group, the AD group had shorter education years, older age, less diarrhea, less allergic
history and less dieting to lose weight. Compared with the normal cognitive group, the
cognitive impairment group had shorter education years, older age, more men and less
allergic history. There was no significant difference in “Body Mass Index (BMI) and Waist”
among the groups, suggesting that the overall nutritional status was similar. Whether the
first-degree relatives suffered from AD or not was not related to the severity of cognitive
impairment. As expected, the SCD, AD and cognitive impairment groups performed
more poorly on all cognitive tests and took more pro-cognitive drugs compared with the
corresponding groups in the three categories. The three categories did not differ with
respect to disease history (periodontitis, hypertension, diabetes or constipation), drug
history (metformin use, antibiotic use), smoking or alcohol history. In terms of vitamin
supplementation, compared with the MCI group, the AD group consumed fewer VD
supplements. Compared with the normal cognitive group, the cognitive impairment group
consumed less folic acid, B vitamin, VD and CoQ10 supplements. Some of the participants
answered, “Don’t answer”, so the sums of the different items do not match the total number
of people in each group. However, the response rate for vitamin supplementation was
high, as shown in Table 1.



Nutrients 2023, 15, 1243 50f 14
Table 1. Description of the study sample based on cognitive status.
Category One Category Two Category Three
NC Group SCD Group p? MCI Group AD Group p? Normal Cognitive Group  Cognitive Impairment Group p?
N 185 227 296 184 412 480
Demographic Data

Education 12.6 £2.9 12.6 £3.0 0.801 111 £32 9.6 £4.1 <0.001 126 £3.0 105+ 3.6 <0.001
Age 65.1 +6.8 655+79 0.593 67.7 £ 6.8 707 £75 <0.001 653 +74 689 +£72 <0.001
BMI 235+31 234+33 0.765 23.6 £2.8 234+31 0.295 235+32 23.5+29 0.799

Waist (cm) 85.0£9.3 85.2+£9.2 0.862 85.6 £8.9 86.7 £9.2 0.205 85.1+£9.2 86.0 £9.0 0.171

Gender
Man 68 (36.8) 57 (25.1) 0.011 103 (34.8) 73 (39.7) 0.281 125 (30.3) 176 (36.7) 0.046
Female 117 (63.2) 170 (74.9) ' 193 (65.2) 111 (60.3) ’ 287 (69.7) 304 (63.3) '
Marital status
Never married 2(1.1) 3(1.3) 2(0.7) 0(0.0) 5(1.2) 2(0.4)
Married 171 (92.9) 214 (94.7) 171 (91.9) 171 (92.9) 385 (93.9) 44?2 (92.3)
Widowed 4(2.2) 3(1.3) 0820 15 (5.1) 10 (5.4) 0823 7(1.7) 25 (5.2) 0.002
Divorced 7(3.8) 6(2.7) 7(2.4) 3(1.6) 13 (3.2) 10 (2.1)
First-degree relatives

with AD
YES 29 (17.0) 48 (21.4) 0.267 47 (16.1) 27 (14.9) 0.732 77 (19.5) 74 (15.6) 0.136
NO 142 (83.0) 176 (78.6) 245 (83.9) 154 (85.1) 318 (80.5) 399 (84.4)

MMSE Scores 282+15 278+ 1.7 0.017 26.3+0.2 16.8 £0.3 <0.001 275+0.2 231+0.2 <0.001
MoCA-B Scores 26.0£2.5 249 £3.1 <0.001 21.1£0.2 12.8 £0.3 <0.001 24.6+0.2 18.7 £0.2 <0.001
ACE—III Scores 83.6 £ 6.8 797 £7.6 0.005 70.0 £1.2 496 £1.5 <0.001 795+ 1.1 639+ 1.0 <0.001

Basic physical condition
Tooth loss
No tooth loss 54 (29.5) 43 (19.5) 60 (21.1) 40 (22.3) 97 (24.1) 100 (21.6)
>20 teeth 64 (35.0) 80 (36.4) 94 (33.0) 44 (24.6) 144 (35.7) 138 (29.7)
10-19 teeth 26 (14.2) 38 (17.3) 0.125 44 (15.4) 37(20.7) 0.071 64 (15.9) 81 (17.5) 0.098
1-9 teeth 36 (19.7) 50 (22.7) 77 (27.0) 44 (24.6) 86 (21.3) 121 (26.1)
No teeth 3(1.6) 9(4.1) 10 (3.5) 16 (7.8) 12 (3.0) 24 (5.2)
Chronic periodontitis
NO 123 (66.8) 127 (57.7) 0.060 190 (65.7) 128 (70.7) 0.262 250 (61.9) 318 (67.7) 0.074
YES 61 (33.2) 93 (42.3) 99 (34.3) 53 (29.3) 154 (38.1) 152 (32.3)
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Table 1. Cont.

Category One Category Two Category Three
NC Group SCD Group p? MCI Group AD Group p? Normal Cognitive Group  Cognitive Impairment Group p?
N 185 227 296 184 412 480
Periodontitis years
<5 years 29 (47.5) 38 (41.3) 0.568 45 (46.4) 22 (41.5) 0.819 67 (43.8) 67 (44.7) 0613
5-10 years 11 (18.0) 23 (25.0) ' 25 (25.8) 14 (26.4) ’ 34 (22.2) 39 (26.0) '
>10 years 21 (34.4) 31(33.7) 27 (27.8) 17 (32.1) 52 (34.0) 44 (29.3)
Dieting to lose weight
YES 13 (7.1) 15 (6.7) 0.881 18 (6.2) 2(1.1) 0.008 28 (6.9) 20 (4.2) 0.085
NO 170 (92.9) 208 (93.3) 272 (93.8) 179 (98.9) 378 (93.1) 451 (95.8)
Diarrhea
YES 46 (25.1) 82 (36.8) 0.012 86 (29.2) 38 (21.0) 0.049 128 (31.5) 124 (26.1) 0.073
NO 137 (74.9) 141 (63.2) 209 (70.8) 143 (79.0) 278 (68.5) 352 (73.9)
Constipation
2-3 times/WKD 16 (8.7) 30 (13.5) 30 (10.2) 13 (7.1) 46 (11.3) 43 (9.1)
1 time/WKD 10 (5.4) 15 (6.7) 0.188 20 (6.8) 15 (8.2) 0.345 25(6.1) 35 (7.4) 0.608
1 every 2—4 weeks 15 (8.2) 26 (11.7) 31 (10.6) 13 (7.1) 41 (10.1) 44 (9.3)
no 143 (77.7) 152 (68.2) 212 (72.4) 141 (77.5) 295 (72.5) 353 (74.3)
Surgical history
within 1 year
YES 21 (11.5) 26 (11.5) 0.993 38 (12.8) 13 (7.2) 0.052 47 (11.5) 51 (10.7) 0.705
NO 162 (88.5) 200 (88.5) 258 (87.2) 168 (92.8) 362 (88.5) 426 (89.3)
Hypertension
YES 71 (38.4) 96 (42.5) 0.400 109 (37.2) 77 (41.8) 0311 167 (40.6) 186 (39.0) 0.619
NO 114 (61.6) 130 (57.5) ' 184 (62,8) 107 (58.2) ’ 244 (59.4) 291 (61.0) '
Diabetes
YES 20 (10.8) 34 (15.0) 0.206 40 (13.7) 28 (15.2) 0.634 54 (13.1) 68 (14.3) 0.630
NO 165 (89.2) 192 (85.0) 253 (86.2) 156 (84.8) 357 (86.9) 409 (85.7)
Allergic history
YES 39 (21.1) 62 (27.4) 0.137 63 (21.3) 25(13.7) 0.039 101 (24.6) 88 (18.4) 0.025
NO 146 (78.9) 164 (72.6) 233 (78.7) 157 (86.3) 310 (75.4) 390 (81.6)
Drug history
Metformin
NO 160 (87.9) 200 (91.3) 0.262 252 (89.4) 160 (88.9) 0.873 360 (89.8) 412 (89.2) 0.775

YES 22 (12.1) 19 (8.7) 30 (10.6) 20 (11.1) 41 (10.2) 50 (10.8)
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Table 1. Cont.
Category One Category Two Category Three
NC Group SCD Group p? MCI Group AD Group p? Normal Cognitive Group  Cognitive Impairment Group p?
N 185 227 296 184 412 480
Antibiotics
YES 25(13.5) 41 (18.1) 0.204 42 (14.2) 17 (9.3) 0.115 66 (16.1) 59 (12.4) 0.115
NO 160 (86.5) 185 (81.9) 253 (85.8) 165 (90.7) 345 (83.9) 418 (87.6)
Cognitive drug use
YES 3(1.6) 12 (5.3) 0.047 24 (8.1) 56 (30.6) <0.001 15 (3.6) 80 (16.7) <0.001
NO 182 (98.4) 214 (94.7) 271 (91.9) 127 (69.4) 396 (96.4) 398 (83.3)
Smoking habit
Smoking at present
YES 16 (43.2) 13 (52.0) 20 (40.8) 15 (39.5) 29 (46.8) 35 (40.2)
NO 21 (56.8) 12 (48.0) 0498 29 (59.2) 23 (60.5) 0899 33 (53.2) 52 (59.8) 0426
Secondhand smoke
environment
YES 151 (84.4) 167 (78.8) 0.158 222 (79.0) 143 (82.7) 0341 318 (81.3) 365 (80.4) 0.731
NO 28 (15.6) 45 (21.2) 59 (21.0) 30 (17.3) 73 (18.7) 89 (19.6)
Your parents smoked
before yoﬁg ereborn 416 63.7) 130 (59.9) 0.433 184 (64.8) 93 (53.8) 0.023 246 (61.7) 277 (60.6) 0755
YES 66 (36.3) 87 (40.1) ’ 100 (35.2) 80 (46.2) ’ 153 (38.3) 180 (39.4) '
Smoke or not
>20/Day 4(2.2) 1(0.4) 4(1.4) 3(1.6) 5(1.2) 7 (1.5)
10-20/Day 3(1.6) 5(22) 7(2.4) 1(0.5) 8(1.9) 8(1.7)
1-10/Day 10 (5.4) 7 (3.1) 0.063 12 (4.1) 9(4.9) 0.466 17 (4.1) 21 (4.4) 0.646
Quit smoking 20 (10.8) 12 (5.3) 28 (9.5) 23 (12.6) 32(7.8) 51 (10.7)
Not at all 148 (80.0) 202 (89.0) 244 (82.7) 147 (80.3) 350 (85.0) 391 (81.8)
Drinking habits
Drinking frequency
Not at all 94 (51.1) 143 (63.0) 178 (60.1) 117 (63.9) 237 (57.7) 295 (61.6)
Occasionally 73 (39.7) 67 (29.5) 0.091 92 (31.1) 47 (25.7) 0.611 140 (34.1) 139 (29.0) 0.385
1-3 times/WKD 7(3.8) 5(22) ’ 8(2.7) 5(2.7) ’ 12 (2.9) 13 (2.7) '
>4 times/WKD 10 (5.4) 12 (5.3) 18 (6.1) 14 (7.7) 22 (5.4) 32(6.7)
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Table 1. Cont.
Category One Category Two Category Three
NC Group SCD Group p? MCI Group AD Group p? Normal Cognitive Group  Cognitive Impairment Group p?
N 185 227 296 184 412 480
Vitamin Supplementation
Folic acid 98.9% b 97.4% P 98.3% b 98.9% b 98.1% b 98.5% b
Daily 23 (12.6) 27 (12.2) 29 (10.0) 9 (4.9) 50 (12.4) 38 (8.0)
Occasionally 24 (13.1) 30 (13.6) 0.987 26 (8.9) 14 (7.7) 0.120 54 (13.4) 40 (8.5) 0.003
Not at all 136 (74.3) 164 (74.2) 236 (81.1) 159 (87.4) 300 (74.3) 395 (83.5)
B vitamins 98.9% b 97.4% P 98.6% P 98.4% b 98.1% b 98.5% P
Daily 42 (23.0) 40 (18.1) 32 (11.0) 17 (9.4) 82 (20.3) 49 (10.4)
Occasionally 34 (18.6) 62 (28.1) 0.070 49 (16.8) 28 (15.5) 0.775 96 (23.8) 77 (16.3) <0.001
Not at all 107 (58.5) 119 (53.8) 211 (72.3) 136 (75.1) 226 (55.9) 347 (73.4)
Vitamin D 98.9% b 96.5% P 97.3%P 96.7% b 97.6% b 97.1%P
Daily 44 (24.0) 49 (22.4) 49 (17.0) 20 (11.2) 93 (23.1) 69 (14.8)
Occasionally 40 (21.9) 59 (26.9) 0.500 69 (24.0) 32 (18.0) 0.035 99 (24.6) 101 (21.7) 0.001
Not at all 99 (54.1) 111 (50.7) 170 (59.0) 126 (70.8) 210 (52.2) 296 (63.5)
CoQ10 98.9% P 96.9% P 97.3% b 97.8% P 97.8% P 97.5%b
Daily 34 (18.6) 36 (16.4) 32 (11.1) 14 (7.8) 70 (17.4) 46 (9.8)
Occasionally 19 (10.4) 29 (13.2) 0.624 31(10.8) 15 (8.3) 0.305 48 (11.9) 46 (9.8) 0.002
Not at all 130 (71.0) 155 (70.5) 225 (78.1) 151 (83.9) 285 (70.7) 376 (80.3)

Notes:  Continuous variables were analyzed using independent sample T test, whereas categorical variables (proportions) were analyzed using the chi-square test. ® Response
rate. p, p value. NC, normal control; SCD, subjective cognitive decline; MCI, mild cognitive impairment; AD, Alzheimer’s disease; BMI, Body Mass Index; MMSE, Mini Mental State

examination; MoCA-B, Montreal Cognitive Assessment—DBasic; ACE-III, The Addenbrook’s Cognitive Examination; WKD, Weekend; CoQ10, Coenzyme Q10.
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Table 2 shows the results of binary logistic regression analysis. Compared with those
having no VD supplement, individuals with MCI who used VD supplements on a daily
basis had a lower risk of developing AD (OR = 0.551, 95%CI, 0.312-0.973, p = 0.040). After
adjusting for education, age, dieting and weight loss, diarrhea, allergic history and the
use of cognitive drugs, individuals with MCI who consumed VD either on a daily basis or
occasionally had a lower risk of developing AD (OR = 0.395, 95%CI, 0.196-0.798, p = 0.010;
OR =0.572, 95%CI, 0.334-0.979, p = 0.042, respectively).

Table 2. Multivariate analysis of vitamin D supplementation (as categorical variable) (comparison
between the MCI group and the AD group).

Reference Group B SE Wald df P OR 95%CI

Vitamin D
Model a

Model b

Not at all
Not at all
Not at all
Not at all

0.040 0.551 0.312-0.973
0.055 0.626 0.388-1.010
0.010 0.395 0.196-0.798
0.042 0.572 0.334-0.979

Everyday —0.597 0.290 4.225
Occasionally —0.469 0.244 3.691
Everyday —0.929 0.359 6.708
Occasionally —0.559 0.274 4152

_ =

Notes: a, basic model, no adjustment. b, adjusted for education, age, dieting to lose weight, diarrhea, allergy
history, pro-cognitive drug use. MCI, mild cognitive impairment; AD, Alzheimer’s disease; B, Coefficient for
the constant; SE, Standard error around the coefficient for the constant; Wald chi square statistics; df, degree of
freedom for Wald chi square statistics; p, p value; OR, Exp (B); 95%CI, Confidence interval for the odds ratio with
its upper and lower limits.

Table 3 shows the results of binary logistic regression analysis. Compared with those
having no folic acid supplement, individuals with normal cognitive ability who used folic
acid supplements on a daily basis had a lower risk of cognitive impairment (OR = 0.577,
95%CI, 0.369-0.903, p = 0.016). This relationship remained statistically significant after ad-
justing for education, age, sex, marriage, allergic history and the use of pro-cognitive drugs
in Model b (OR = 0.570, 95%ClI, 0.345-0.940, p = 0.028). Compared with those who having
no B vitamin supplementation, individuals with normal cognitive ability who consumed
B vitamins either on a daily basis or occasionally had a lower risk of cognitive impairment
(OR =10.389, 95%(l, 0.263-0.576, p < 0.001; OR = 0.522, 95%ClI, 0.371-0.736, p < 0.001, respec-
tively). This relationship remained statistically significant in Model b (OR = 0.391, 95% (I,
0.250-0.611, p < 0.001; OR = 0.639, 95%Cl, 0.432-0.946, p = 0.025, respectively). After further
adjustment of folic acid supplement, VD supplement and CoQ10 supplement in Model
¢, individuals with normal cognitive ability who used B vitamins on a daily basis had a
lower risk of cognitive impairment (OR = 0.439, 95%CI, 0.257-0.750, p = 0.003). Compared
with those having no VD supplement, individuals with normal cognitive ability who used
VD supplements on a daily basis had a lower risk of cognitive impairment (OR = 0.526,
95%Cl, 0.368-0.753, p < 0.001). This relationship remained statistically significant in Model
b (OR =0.532, 95%CI, 0.351-0.804, p = 0.003). Compared with those having no CoQ10
supplement, individuals with normal cognitive ability who used CoQ10 supplements on
a daily basis had a lower risk of cognitive impairment (OR = 0.498, 95%CI, 0.333-0.745,
p =0.001). This relationship remained statistically significant in Model b (OR = 0.594,
95%ClI, 0.380-0.929, p = 0.022).

Table 3. Multivariate analysis of folic acid, B vitamins, vitamin D, CoQ10 (as categorical variable)
(comparison between the normal cognitive group and the cognitive impairment group).

Reference Group B SE Wald df P OR 95%CI

Folic Acid
Model a
Model b

B vitamins
Model a

Not at all
Not at all

Not at all
Not at all

Everyday —0.550 0.228 5.787 1 0.016 0.577 0.369-0.903
Everyday —0.562 0.256 4.843 1 0.028 0.570 0.345-0.940

Everyday —0.944 0.200 22.314 1 0.000 0.389 0.263-0.576
Occasionally —0.649 0.175 13.729 1 0.000 0.522 0.371-0.736
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Table 3. Cont.
Reference Group B SE Wald df p OR 95%CI

Model b Not at all Everyday —0.939  0.228 17.003 1 0.000 0391 0.250-0.611

Not at all Occasionally —0.447  0.200 5.000 1 0.025 0.639 0.432-0.946
Model c Not at all Everyday -0.824  0.273 9.088 1 0.003  0.439 0.257-0.750

Vitamin D

Model a Not at all Everyday —0.642  0.183 12.336 1 0.000  0.526 0.368-0.753
Model b Not at all Everyday —0.632 0211 8.968 1 0.003  0.532 0.351-0.804
CoQ10
Model a Not at all Everyday —0.697  0.205 11.512 1 0.001 0.498 0.333-0.745
Model b Not at all Everyday —0.520  0.228 5.222 1 0.022  0.594 0.380-0.929

Notes: a, basic model, no adjustment. b, adjusted for education, age, sex, marriage, allergic history, pro-cognitive
drug use, ¢, adjusted for all variables in model b + the supplementation of folic acid, Vitamin D, CoQ10. CoQ10,
Coenzyme Q10; B, Coefficient for the constant; SE, Standard error around the coefficient for the constant; Wald chi
square statistics; df, degree of freedom for Wald chi square statistics; p, p value; OR, Exp(B); 95%CI, Confidence
interval for the odds ratio with its upper and lower limits.

4. Discussion

This cross-sectional study examined the intrinsic relationship between folic acid,
B vitamins, VD and CoQ10 supplementation and cognitive abilities in both cognitively
healthy and cognitively impaired older adults. It was revealed that VD supplementation
may prevent the occurrence of cognitive impairment or delay the progress of cognitive
impairment, while B vitamins, folic acid and CoQ10 supplementation could prevent the
occurrence of cognitive impairment only, which means that this benefit is restricted to
cognitively healthy older adults and does not extend to older adults with MCI. Hence, this
finding questions the benefits of B vitamins, folic acid and CoQ10 supplementation once
cognitive impairment is expressed through standardized neurocognitive testing.

VD is a steroid hormone with biological activity in the form of 1.25 (OH)2 D. Humans
have a combination of vitamins D2 (active product: ergocalciferol) and D3 (active prod-
uct: cholecalciferol) available to them from ambient UV exposure (vitamin D3), habitual
dietary intakes of VD-rich foods and vitamin supplements (both vitamins D2 and D3 are
available) [25]. Therefore, it is impossible to differentiate whether the subjects take vitamins
D2 or D3. VD plays an important role in proliferation and differentiation, calcium signal
transduction within the brain, neuro-nutrition and neuroprotection. It may also alter nerve
transmission and synaptic plasticity [26]. Animal experimental studies have found that
high-dose VD supplementation in the early stage of the disease (before the AD symptoms
appear) can improve cognitive performance [27], while supplementation of VD in the
middle stage of AD disease could aggravate the neurodegeneration of AD [28]. In a cohort
study of the population, Rai-Hua Lai et al. found that long-term supplementation of VD
is likely to increase the risk of dementia in the elderly and increase mortality in patients
with dementia [28]. However, the findings of Rai-Hua Lai et al. could not rule out the po-
tential health benefits of VD supplementation for young people or preclinical AD patients.
They [27,28] suggested that VD cannot change the cognitive function of the damaged brain,
while our study revealed that VD may prevent the occurrence of cognitive impairment
or delay the progress of cognitive impairment. The researchers proposed that the neuro-
protective effect of VD might be related to a decrease in Ap-related biomarkers [29]. A
study by Shreeya S Navale et al. found that low levels of vitamin D were associated with
an increased risk of dementia using genetic analysis and neuroimaging studies [30]. In
the UK, researchers found that raising VD levels within a normal range (50 nml/L) can
prevent 17% of dementia [30]. In view of the dose-response relationship between serum
25-hydroxyvitamin D (25 (OH)D) and cognitive impairment susceptibility, Ahmad Jayedi
et al. conducted a meta-analysis of 1953 dementia and 1607 AD patients, reporting that a
higher level of serum 25 (OH)D was associated with a lower risk of dementia and AD [31].
VD is important for normal brain development and function in rodents and humans, as its
deficiency can affect cognition [32]. However, some studies could not find evidence of a
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relationship between VD level and cognitive function and, consequently, did not support
that VD can reduce the incidence of cognitive impairment [33-35]. The effect of VD on
cognition may be related to baseline cognitive status [27,28,35]. Larger studies need to be
conducted to explore the cognitive effects of AD on people with different baseline levels.

B vitamins consist of thiamine, riboflavin, niacin, pantothenic acid, vitamin B6, folates,
biotin and vitamin B12 [36]. In our survey, the subjects were not asked to specify the type
of B vitamins they supplemented. Therefore, further exploration was still required for the
optimal dosage of intake and the individual assessment of the effects of each B vitamin. B
vitamin supplementation can reduce cognitive impairment [36]. Previous studies mainly
focused on the relationship between vitamin B6, vitamin B12, folic acid and cognition. A
study in India found that the elderly living in rural areas are at higher risk of a lack of
trace elements, folic acid, vitamin B12 and VD [37], which is detrimental to human immune
function and brain cognition. Prospective analysis found that adequate intake of folic acid,
vitamin B6 and vitamin B12 was significantly associated with better cognitive reserve, which
may be due to reduced hypermethylation of redox-related genes (NUDT15 and TXNRD1)
and reduced oxidative damage [38]. A meta-analysis of 95 studies reported that early and
long-term B vitamin supplementation could slow down cognitive decline, while higher folic
acid intake was associated with a lower risk of developing dementia in older people without
dementia [39]. An animal experiment reported that folic acid supplementation could reduce
DNA damage as well as delay age-related cognitive decline and neurodegeneration in aging-
accelerated mice with special treatment [40]. Hyper-homocysteinemia is an independent
risk factor for AD. A recent dose-response meta-analysis, including a number of prospective
cohort studies, showed that the relative risk of AD increased by 15% for every 5 umol/L
increase in blood Hcy [41]. It was speculated that its mechanism was not only related to
the neurotoxicity of neurons caused by vascular endothelial damage but also related to
the abnormal aggregation of tau protein in hippocampal neurons and the inhibition of
methylation reaction [42]. Low levels of vitamin B12 are associated with low cognitive
functioning in older adults [41]. RCTs reported that folic acid and vitamin B12 could
cooperate to reduce the levels of Hcy and S-adenosylhomocysteine (SAH), increase the
level of S-adenosylmethionine (SAM) and inhibit the expression of inflammatory factors,
thus improving cognitive ability [43—45]. Hence, it is necessary to take enough folic acid
every day to maintain normal cognitive function and reduce the risk of cognitive decline in
the elderly. It is also suggested that combined supplementation of multiple nutrients may
be more beneficial to improve cognitive function.

Recent studies have found that CoQ10 protects endothelial cells by promoting mito-
chondrial function, thus delaying age-related peripheral vascular senescence [46]. Previous
studies [47,48] have found that high doses of CoQ10 may be beneficial to cognition, which
is consistent with our research results. Amirreza Monsef et al. reported that a high dose of
CoQ10 can improve the cognitive performance of aged healthy rats [47]. There are several
explanations for why CoQ10 can prevent cognitive decline. In a study by Man Yang et al.,
CoQ10 was found to be an important auxiliary factor in the mitochondrial electron transfer
chain. It can reduce the expression of APOE in the hippocampus by improving the energy
deficiency and mitochondrial dysfunction induced by anesthesia in mice, thus alleviating
the brain injury and cognitive impairment caused by sevoflurane [49]. Iman Fatemi et al.
reported that chronic supplementation of CoQ10 has a potential protective effect on the
brain after stroke and can reduce the sequelae of ischemia/cerebral perfusion injury, which
may be related to the increase in brain-derived neurotrophic factor (BDNF) level and super-
oxide dismutase (SOD) activity in brain tissue [50]. Centenarians are in a state of chronic
inflammation, increased oxidative stress reaction, increased CoQ10 binding protein Psap
and decreased serum total CoQ10 level with age [48]. Consequently, supplementation of
CoQ10 is likely to reduce the risk of age-related cognitive decline in the elderly.

The current study contributed to the growing body of research into the benefits of
vitamin supplementation on cognitive health in later life by examining this association in
both cognitively healthy and cognitively impaired older adults.
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The main limitation of our study is its inability to determine the causal relationship
between the relevant factors due to the observational study design. Moreover, this cross-
sectional study does not control all confounding factors affecting cognition. We cannot rule
out the potential impact of confounding factors on the results of observation. The estimates
provided in this study should not be extended to other populations without additional
research and validation. However, these findings still deserve further study to explore the
relationship between vitamins and cognition.

5. Conclusions

In a word, using data from the Shanghai Sixth People’s Hospital Affiliated to Shanghai
Jiao Tong University School of Medicine (China), we found that daily VD supplementation
may prevent the occurrence of cognitive impairment or delay the progress of cognitive
impairment, while daily B vitamins, folic acid and CoQ10 supplementation could prevent
the occurrence of cognitive impairment only. Occasional VD supplementation may reduce
the risk of AD. Occasional B vitamin supplements may also reduce the risk of cognitive
impairment. Consequently, we provide evidence-based recommendations that daily supple-
mentation of VD, folic acid, B vitamins and CoQ10 may be a potential preventive measure
to slow cognitive decline and neurodegeneration in the elderly. However, for the elderly
who have already suffered from cognitive impairment, VD supplementation may also be
beneficial to their brains.

Author Contributions: Data curation, X.J., L.C. and L.H.; Formal analysis, X.J. and Y.G.; Funding ac-
quisition, Q.G.; Investigation, X.J., L.C. and L.H.; Methodology, X.J., Y.G., Q.G. and G.H.; Supervision,
Q.G. and G.H.; Validation, Q.G.; Writing—original draft, X.J.; Writing—review and editing, Y.G., Q.G.
and G.H. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the National Natural Science Foundation of China (82171198);
Shanghai Municipal Science Technology Major Project (No. 2018SHZDZX01); Guangdong Provincial
Key S&T Program (grant number 2018B030336001); and Innovation and Technology Commission of
Hong Kong Project MRP 042/18X.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Shanghai Sixth People’s Hospital Affiliated
to Shanghai Jiao Tong University chool of Medicine (protocol code, 2019-041; date of approval,
30 April 2019).

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

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to confidentiality issues.

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

References

1.

Jia, L.; Du, Y;; Chu, L,; Zhang, Z.; Li, E; Lyu, D.; Li, Y;; Li, Y,; Zhu, M,; Jiao, H.; et al. Prevalence, risk factors, and management of
dementia and mild cognitive impairment in adults aged 60 years or older in China: A cross-sectional study. Lancet Public Health
2020, 5, e661-e671. [CrossRef] [PubMed]

Alzheimer’s Association. 2022 Alzheimer’s disease facts and figures. Alzheimers Dement. 2022, 18, 700-789. [CrossRef] [PubMed]
Scheltens, P.; De Strooper, B.; Kivipelto, M.; Holstege, H.; Chetelat, G.; Teunissen, C.E.; Cummings, J.; van der Flier, WM.
Alzheimer’s disease. Lancet 2021, 397, 1577-1590. [CrossRef] [PubMed]

Krantic, S. From Current Diagnostic Tools and Therapeutics for Alzheimer’s Disease Towards Earlier Diagnostic Markers and
Treatment Targets. Curr. Alzheimer Res. 2017, 14, 2-5. [CrossRef] [PubMed]

Zhang, X.X; Tian, Y.; Wang, Z.T.; Ma, Y.H.; Tan, L.; Yu, ].T. The Epidemiology of Alzheimer’s Disease Modifiable Risk Factors and
Prevention. J. Prev. Alzheimers Dis. 2021, 8, 313-321. [CrossRef] [PubMed]

Shi, H.; Xu, ]. Experts consensus on brain health nutrition intervention for Alzheimer’s Disease. Sci. Sin. Vitae 2021, 51, 1762-1788.
Tardy, A.L.; Poutean, E.; Marquez, D.; Yilmaz, C.; Scholey, A. Vitamins and Minerals for Energy, Fatigue and Cognition: A
Narrative Review of the Biochemical and Clinical Evidence. Nutrients 2020, 12, 228. [CrossRef]

Gil Martinez, V.; Avedillo Salas, A.; Santander Ballestin, S. Vitamin Supplementation and Dementia: A Systematic Review.
Nutrients 2022, 14, 1033. [CrossRef]


http://doi.org/10.1016/S2468-2667(20)30185-7
http://www.ncbi.nlm.nih.gov/pubmed/33271079
http://doi.org/10.1002/alz.12638
http://www.ncbi.nlm.nih.gov/pubmed/35289055
http://doi.org/10.1016/S0140-6736(20)32205-4
http://www.ncbi.nlm.nih.gov/pubmed/33667416
http://doi.org/10.2174/156720501401161201104858
http://www.ncbi.nlm.nih.gov/pubmed/28088908
http://doi.org/10.14283/jpad.2021.15
http://www.ncbi.nlm.nih.gov/pubmed/34101789
http://doi.org/10.3390/nu12010228
http://doi.org/10.3390/nu14051033

Nutrients 2023, 15, 1243 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.
26.
27.
28.

29.

30.

31.

Ford, T.C.; Downey, L.A.; Simpson, T.; McPhee, G.; Oliver, C.; Stough, C. The Effect of a High-Dose Vitamin B Multivitamin
Supplement on the Relationship between Brain Metabolism and Blood Biomarkers of Oxidative Stress: A Randomized Control
Trial. Nutrients 2018, 10, 1860. [CrossRef]

Bai, D.; Fan, J.; Li, M,; Li, M.; Dong, C.; Gao, Y.; Fu, M.; Huang, G.; Liu, H. Effects of Folic Acid Combined with DHA
Supplementation on Cognitive Function and Amyloid-beta-Related Biomarkers in Older Adults with Mild Cognitive Impairment
by a Randomized, Double Blind, Placebo-Controlled Trial. J. Alzheimers Dis. 2021, 81, 155-167. [CrossRef]

Roy, N.M.; Al-Harthi, L.; Neela Sampat, R.A.-M.; Mahadevan, S.; Adawi, S.A.; Essa, M.M.; Subhi, L.A.; AlBalushi, B.; Qoronfleh,
M.W. Impact of vitamin D on neurocognitive function in dementia, depression, schizophrenia and ADHD. Front. Biosci. 2021, 26,
566-611. [CrossRef] [PubMed]

Mccleery, J.; Abraham, R.P.; Denyon, D.A.; Rutjes, A.W.; Chong, L.Y.; Al-Assaf, A.S.; Griffith, D.].; Rafeeq, S.; Yaman, H.; Malik,
M.A.; et al. Vitamin and mineral supplementation for preventing dementia or delaying cognitive decline in people with mild
cognitive impairment. Cochrane Database Syst. Rev. 2018, 11, CD011905. [CrossRef] [PubMed]

Fernandez-Portero, C.; Amian, J.G.; de la Bella, R.; Lopez-Lluch, G.; Alarcon, D. Coenzyme Q10 levels associated to cognitive
functioning and executive function in older adults. J. Gerontol. A Biol. Sci. Med. Sci. 2022, 78, 1-8. [CrossRef] [PubMed]

The Chinese Dietary Guidelines. 2016. Available online: http://dg.cnsoc.org/article /04/op9IMZtpBQHehHCo00SSgsmw.html
(accessed on 15 May 2016).

Sacks, EM.; Svetkey, L.P.; Vollmer, W.M.; Appel, L.J.; Bray, G.A.; Harsha, D.; Obarzanek, E.; Conlin, PR.; Miller, E.R., 3rd. Effects
on blood pressure of reduced dietary sodium and the dietary approaches to stop hypertension (DASH) diet. N. Engl. ]. Med. 2001,
344, 3-10. [CrossRef]

Fresan, U.; Bes-Rastrollo, M.; Segovia-Siapco, G.; Sanchez-Villegas, A.; Lahortiga, F; de la Rosa, P.A.; Martinez-Gonzalez, M. A.
Does the MIND diet decrease depression risk? A comparison with Mediterranean diet in the SUN cohort. Eur. J. Nutr. 2019, 58,
1271-1282. [CrossRef]

Wesselman, L.M.P.; Doorduijn, A.S.; de Leeuw, FA ; Verfaillie, S.C.].; van Leeuwenstijn-Koopman, M; Slot, R.E.R.; Kester, M.L;
Prins, N.D.; van de Rest, O.; de van der Schueren, M.A.E.; et al. Dietary Patterns Are Related to Clinical Characteristics in Memory
Clinic Patients with Subjective Cognitive Decline: The SCIENCe Project. Nutrients 2019, 11, 1057. [CrossRef]

Nagpal, R.; Neth, B.J.; Wang, S.; Craft, S.; Yadav, H. Modified Mediterranean-ketogenic diet modulates gut microbiome and
short-chain fatty acids in association with Alzheimer’s disease markers in subjects with mild cognitive impairment. EBioMedicine
2019, 47, 529-542. [CrossRef]

Mckhann, G.M.; Knopman, D.S.; Chertkow, H.; Hyman, B.T.; Jack, C.R,, Jr.; Kawas, C.H.; Klunk, W.E.; Koroshetz, W.].; Manly,
J.J.; Mayeux, R.; et al. The diagnosis of dementia due to Alzheimer’s disease: Recommendations from the National Institute
on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 2011, 7,
263-269. [CrossRef]

Winblad, B.; Palmer, K.; Kivipelto, M.; Jelic, V.; Fratiglioni, L.; Wahlund, L.-O.; Nordberg, A.; Bickman, L.; Albert, M.; Almkvist,
O.; et al. Mild cognitive impairment—Beyond controversies, towards a consensus: Report of the International Working Group on
Mild Cognitive Impairment. J. Intern. Med. 2004, 256, 240-246. [CrossRef]

Petersen, R.C.; Smith, G.E.; Waring, S.C.; Ivnik, R.J.; Tangalos, E.G.; Kokmen, E. Mild Cognitive Impairment Clinical Characteriza-
tion and Outcome. Arch. Neurol. 1999, 56, 303-308. [CrossRef]

Jessen, F.; Amariglio, R.E.; Van Boxtel, M.; van Boxtel, M.; Breteler, M.; Ceccaldi, M.; Chetelat, G.; Dubois, B.; Dufouil, C.; Ellis,
K.A,; et al. A conceptual framework for research on subjective cognitive decline in preclinical Alzheimer’s disease. Alzheimers
Dement. 2014, 10, 844-852. [CrossRef] [PubMed]

Chen, K.L.; Xu, Y.;; Chu, A.Q,; Ding, D.; Liang, X.N.; Nasreddine, Z.S.; Dong, Q.; Hong, Z.; Zhao, Q.H.; Guo, Q.H. Validation of
the Chinese Version of Montreal Cognitive Assessment Basic for Screening Mild Cognitive Impairment. ]. Am. Geriatr. Soc. 2016,
64, €285-e290. [CrossRef]

Pan, FF,; Wang, Y.; Huang, L.; Huang, Y.; Guo, Q.H. Validation of the Chinese Version of Addenbrooke’s Cognitive Examination
III for detecting mild cognitive impairment. Aging Ment. Health. 2022, 26, 384-391. [CrossRef] [PubMed]

Kulda, V. Vitamin D Metabolism. Vnitr. Lek. 2012, 58, 400—404. [PubMed]

Bivona, G.; Gambino, C.M.; Iacolino, G.; Ciaccio, M. Vitamin D and the nervous system. Neurol. Res. 2019, 41, 827-835. [CrossRef]
Morello, M.; Landel, V.; Lacassagne, E.; Baranger, K.; Annweiler, C.; Feron, F.; Millet, P. Vitamin D Improves Neurogenesis and
Cognition in a Mouse Model of Alzheimer’s Disease. Mol. Neurobiol. 2018, 55, 6463-6479. [CrossRef]

Lai, RH.; Hsu, C.C; Yu, B.H; Lo, Y.R,; Hsu, Y.Y.; Chen, M.H.; Juang, J.L. Vitamin D supplementation worsens Alzheimer’s
progression: Animal model and human cohort studies. Aging Cell 2022, 21, €13670. [CrossRef]

Jia, J.; Hu, J.; Huo, X.; Miao, R.; Zhang, Y.; Ma, E. Effects of vitamin D supplementation on cognitive function and blood Abeta-
related biomarkers in older adults with Alzheimer’s disease: A randomised, double-blind, placebo-controlled trial. J. Neurol.
Neurosurg. Psychiatry 2019, 90, 1347-1352.

Navale, S5.S.; Mulugeta, A.; Zhou, A.; Llewellyn, D.].; Hypponen, E. Vitamin D and brain health: An observational and Mendelian
randomization study. Am. J. Clin. Nutr. 2022, 116, 531-540. [CrossRef]

Jayedi, A.; Rashidy-Pour, A.; Shab-Bidar, S. Vitamin D status and risk of dementia and Alzheimer’s disease: A meta-analysis of
dose-response (dagger). Nutr. Neurosci. 2019, 22, 750-759. [CrossRef]


http://doi.org/10.3390/nu10121860
http://doi.org/10.3233/JAD-200997
http://doi.org/10.2741/4908
http://www.ncbi.nlm.nih.gov/pubmed/33049684
http://doi.org/10.1002/14651858.CD011905.pub2
http://www.ncbi.nlm.nih.gov/pubmed/30383288
http://doi.org/10.1093/gerona/glac152
http://www.ncbi.nlm.nih.gov/pubmed/35908233
http://dg.cnsoc.org/article/04/op9MZtpBQHehHCo0SSqsmw.html
http://doi.org/10.1056/NEJM200101043440101
http://doi.org/10.1007/s00394-018-1653-x
http://doi.org/10.3390/nu11051057
http://doi.org/10.1016/j.ebiom.2019.08.032
http://doi.org/10.1016/j.jalz.2011.03.005
http://doi.org/10.1111/j.1365-2796.2004.01380.x
http://doi.org/10.1001/archneur.56.3.303
http://doi.org/10.1016/j.jalz.2014.01.001
http://www.ncbi.nlm.nih.gov/pubmed/24798886
http://doi.org/10.1111/jgs.14530
http://doi.org/10.1080/13607863.2021.1881757
http://www.ncbi.nlm.nih.gov/pubmed/33533261
http://www.ncbi.nlm.nih.gov/pubmed/22716179
http://doi.org/10.1080/01616412.2019.1622872
http://doi.org/10.1007/s12035-017-0839-1
http://doi.org/10.1111/acel.13670
http://doi.org/10.1093/ajcn/nqac107
http://doi.org/10.1080/1028415X.2018.1436639

Nutrients 2023, 15, 1243 14 of 14

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Gall, Z.; Szekely, O. Role of Vitamin D in Cognitive Dysfunction: New Molecular Concepts and Discrepancies between Animal
and Human Findings. Nutrients 2021, 13, 3672. [CrossRef]

Rossom, R.C.; EspelandS, M.A.; Manson, J.E.; Dysken, M.W.; Johnson, K.C.; Lane, D.S.; LeBlanc, E.S.; Lederle, F.A.; Masaki, K.H.;
Margolis, K.L. Calcium and vitamin D supplementation and cognitive impairment in the women’s health initiative. J. Am. Geriatr.
Soc. 2012, 60, 2197-2205. [CrossRef] [PubMed]

Vinueza Veloz, A.E,; Carpio Arias, T.V.; Vargas Mejia, ].S.; Tapia Veloz, E.C.; Piedra Andrade, ].S.; Nicolalde Cifuentes, T.M.;
Heredia Aguirre, S.I.; Vinueza Veloz, M.F. Cognitive function and vitamin B12 and D among community-dwelling elders: A
cross-sectional study. Clin. Nutr. ESPEN 2022, 50, 270-276. [CrossRef] [PubMed]

Kang, ].H.; Vyas, C.M.; Okereke, O.1; Ogata, S.; Albert, M.; Lee, LM.; D’Agostino, D.; Buring, J.E.; Cook, N.R.; Grodstein, F.;
et al. Effect of vitamin D on cognitive decline: Results from two ancillary studies of the VITAL randomized trial. Sci. Rep. 2021,
11, 23253. [CrossRef]

Zheng, Y,; Chen, Z.Y.; Ma, WJ.; Wang, Q.Z; Liang, H.; Ma, A.G. B Vitamins Supplementation Can Improve Cognitive Functions
and May Relate to the Enhancement of Transketolase Activity in A Rat Model of Cognitive Impairment Associated with High-fat
Diets. Curr. Med. Sci. 2021, 41, 847-856. [CrossRef] [PubMed]

Sundarakumar, J.S.; Shahul Hameed, S.K.; SANSCOG Study Team; Ravindranath, V. Burden of Vitamin D, Vitamin B12 and Folic
Acid Deficiencies in an Aging, Rural Indian Community. Front. Public Health 2021, 9, 707036. [CrossRef] [PubMed]

An, Y,; Feng, L.; Zhang, X.; Wang, Y.; Wang, Y.; Tao, L.; Qin, Z.; Xiao, R. Dietary intakes and biomarker patterns of folate, vitamin
B6, and vitamin B12 can be associated with cognitive impairment by hypermethylation of redox-related genes NUDT15 and
TXNRDI1. Clin. Epigenet. 2019, 11, 139. [CrossRef] [PubMed]

Wang, Z.; Zhu, W.; Xing, Y,; Jia, J.; Tang, Y. B vitamins and prevention of cognitive decline and incident dementia: A systematic
review and meta-analysis. Nutr. Rev. 2022, 80, 931-949. [CrossRef]

Zhou, D,; Lv, X,; Wang, Y.; Liu, H.; Luo, S.; Li, W.; Huang, G. Folic acid alleviates age-related cognitive decline and inhibits
apoptosis of neurocytes in senescence-accelerated mouse prone 8: Deoxythymidine triphosphate biosynthesis as a potential
mechanism. J. Nutr. Biochem. 2021, 97, 108796. [CrossRef]

Zhou, F; Chen, S. Hyperhomocysteinemia and risk of incident cognitive outcomes: An updated dose-response meta-analysis of
prospective cohort studies. Ageing Res. Rev. 2019, 51, 55-66. [CrossRef]

Smith, A.D.; Refsum, H. Homocysteine, B Vitamins and Cognitive Impairment. Annu. Rev. Nutr. 2016, 36, 211-239. [CrossRef]
[PubMed]

Chen, H,; Liu, S.; Ge, B,; Zhou, D.; Li, M,; Li, W,; Ma, E; Liu, Z; Ji, Y.; Huang, G. Effects of Folic Acid and Vitamin B12
Supplementation on Cognitive Impairment and Inflammation in Patients with Alzheimer’s Disease: A Randomized, Single-
Blinded, Placebo-Controlled Trial. |. Prev. Alzheimers Dis. 2021, 8, 249-256. [CrossRef] [PubMed]

Chen, H; Liu, S;; Ji, L; Wu, T.; Ji, Y.; Zhou, Y.; Zheng, M.; Zhang, M.; Xu, W.; Huang, G. Folic Acid Supplementation Mitigates
Alzheimer’s Disease by Reducing Inflammation: A Randomized Controlled Trial. Mediat. Inflamm. 2016, 2016, 5912146. [CrossRef]
[PubMed]

Ma, F; Zhou, X,; Li, Q.; Zhao, J.; Song, A.; An, P,; Du, Y.; Xu, W,; Huang, G. Effects of Folic Acid and Vitamin B12, Alone and in
Combination on Cognitive Function and Inflammatory Factors in the Elderly with Mild Cognitive Impairment: A Single-blind
Experimental Design. Curr. Alzheimer Res. 2019, 16, 622-632. [CrossRef]

Huo, J.; Xu, Z.; Hosoe, K.; Kubo, H.; Miyahara, H.; Dai, J.; Mori, M.; Sawashita, J.; Higuchi, K. Coenzyme Q10 Prevents Senescence
and Dysfunction Caused by Oxidative Stress in Vascular Endothelial Cells. Oxid. Med. Cell Longev. 2018, 2018, 3181759. [CrossRef]
[PubMed]

Monsef, A.; Shahidji, S.; Komaki, A. Influence of Chronic Coenzyme Q10 Supplementation on Cognitive Function, Learning, and
Memory in Healthy and Diabetic Middle-Aged Rats. Neuropsychobiology 2019, 77, 92-100. [CrossRef] [PubMed]

Nagase, M.; Yamamoto, Y.; Matsumoto, N.; Arai, Y.; Hirose, N. Increased oxidative stress and coenzyme Q10 deficiency in
centenarians. J. Clin. Biochem. Nutr. 2018, 63, 129-136. [CrossRef]

Yang, M.; Tan, H.; Zhang, K.; Lian, N.; Yu, Y,; Yu, Y. Protective effects of Coenzyme Q10 against sevoflurane-induced cognitive
impairment through regulating apolipoprotein E and phosphorylated Tau expression in young mice. Int. ]. Dev. Neurosci. 2020,
80, 418-428. [CrossRef]

Fatemi, I.; Saeed Askari, P.; Hakimizadeh, E.; Kaeidi, A.; Esmaeil Moghaddam, S.; Pak-Hashemi, M.; Allahtavakoli, M. Chronic
treatment with coenzyme Q10 mitigates the behavioral dysfunction of global cerebral ischemia/reperfusion injury in rats. Iran. J.
Basic Med. Sci. 2022, 25, 39-45.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3390/nu13113672
http://doi.org/10.1111/jgs.12032
http://www.ncbi.nlm.nih.gov/pubmed/23176129
http://doi.org/10.1016/j.clnesp.2022.05.004
http://www.ncbi.nlm.nih.gov/pubmed/35871935
http://doi.org/10.1038/s41598-021-02485-8
http://doi.org/10.1007/s11596-021-2456-5
http://www.ncbi.nlm.nih.gov/pubmed/34652631
http://doi.org/10.3389/fpubh.2021.707036
http://www.ncbi.nlm.nih.gov/pubmed/34540786
http://doi.org/10.1186/s13148-019-0741-y
http://www.ncbi.nlm.nih.gov/pubmed/31601260
http://doi.org/10.1093/nutrit/nuab057
http://doi.org/10.1016/j.jnutbio.2021.108796
http://doi.org/10.1016/j.arr.2019.02.006
http://doi.org/10.1146/annurev-nutr-071715-050947
http://www.ncbi.nlm.nih.gov/pubmed/27431367
http://doi.org/10.14283/jpad.2021.22
http://www.ncbi.nlm.nih.gov/pubmed/34101780
http://doi.org/10.1155/2016/5912146
http://www.ncbi.nlm.nih.gov/pubmed/27340344
http://doi.org/10.2174/1567205016666190725144629
http://doi.org/10.1155/2018/3181759
http://www.ncbi.nlm.nih.gov/pubmed/30116476
http://doi.org/10.1159/000495520
http://www.ncbi.nlm.nih.gov/pubmed/30580330
http://doi.org/10.3164/jcbn.17.124
http://doi.org/10.1002/jdn.10041

	Introduction 
	Materials and Methods 
	Population Study 
	Data Collection 
	Assessments 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

