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This study aimed to investigate the relationship between serum 25(OH)D and cognitive impairment in patients
with Parkinson’s disease (PD), hoping to provide possible ideas for the diagnosis and prevention of PD with
cognitive impairment. Vitamin D is a neurosteroid with neurotrophic and neuroprotective functions, playing an
important role in PD and its progression. In the present study, serum 25(OH)D levels were significantly decreased
in PD patients (45.86 ± 14.81 nmol/L)compared to healthy controls(56.54 ± 14.00 nmol/L) (P < 0.001), and
significant differences were also observed in PD patients with normal cognition (PD-NC), PD patients with mild
cognitive impairment (PD-MCI)and PD patients with dementia (PDD)(P < 0.05). Moreover, there was a positive
correlation between serum 25(OH)D levels and Montreal cognitive assessment(MoCA) scores (r = 0.489,P <
0.001).The increased serum 25(OH)D was an independent protective factor of cognitive impairment in PD (OR =
0. 949, P = 0.005), and the sensitivity, specificity, and AUC under the ROC curve area of serum 25(OH)D were
53.3%, 86.5%, and 0.713, respectively. These findings support the relationship between cognitive impairment
and Vitamin D in PD patients. Serum 25(OH)D may be a useful biomarker for diagnosing cognitive impairment in
patients with PD.

1. Introduction

people, MCI patients, and patients with neurodegenerative diseases,
have shown an association between low vitamin D levels and cognitive
impairment [12–15]. Therefore, it is reasonable to argue that vitamin D
not only modifies the susceptibility to PD but also affects the cognitive
impairment of PD patients.
However, the association between serum 25(OH)D and cognitive
impairment in PD patients has been less studied, and the conclusions
have been inconsistent [8,11,16]. It is well-known that serum 25(OH)D
is susceptible to sunlight exposure, which previous studies have often
overlooked. So, we designed a cross-sectional study in order to evaluate
the relationship between serum 25(OH)D and cognitive impairment
based on the inclusion of sunlight exposure, hoping to provide possible
ideas for the diagnosis and prevention of PD with cognitive impairment.

Parkinson’s disease (PD) is the second most common neurodegen
erative disorder [1]. Cognitive impairment is one of the most common
and important non-motor symptoms and can occur at any stage of PD.
Moreover, it is associated with poor quality of life, so its identification
and intervention have significant clinical implications. Vitamin D is a
neurosteroid whose receptor is ubiquitously expressed in the nervous
system in addition to its traditional calcium-related effects. It can
regulate not only nerve growth factors and neurotransmitters but also
neurotoxic pathways and mitochondrial function, having neurotrophic
and neuroprotective functions [2,3]. Inadequacy of vitamin D in the
circulation may lead to nigral dysfunction and its apoptosis. This fact
was confirmed in knockout mice, as well as in cell culture [4–7].
In recent years, numerous studies have shown that serum vitamin D
plays a vital role in PD and its progression [8–11]. Low levels of vitamin
D increased the risk of PD, and serum vitamin D levels were negatively
correlated with the severity of PD, suggesting a predictive significance of
serum vitamin D levels on the motor severity of the disease. In addition,
several observational studies in multiple populations, including healthy

* Corresponding author.
E-mail address: teachercuigy@126.com (G. Cui).
https://doi.org/10.1016/j.jocn.2022.04.015
Received 15 February 2022; Accepted 14 April 2022
0967-5868/© 2022 Elsevier Ltd. All rights reserved.

2. Methods
2.1. Population
This prospective, observational, cross-sectional cohort study was
conducted between December 2019 and May 2021. Patients suffering
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from PD, who were admitted to the Parkinson’s Center in the Affiliated
Hospital of Xuzhou Medical University, diagnosed by the recommended
criteria of the International Parkinson and Movement Disorder Society
(MDS) in 2015, were all considered eligible for inclusion [17]. We
excluded patients with the following features: history of familial PD; the
use of dietary supplements containing vitamin D in the previous six
months; disorders such as aphasia, deafness, delirium, major depression,
mental disorders which may affect cognitive function and assessment.
The PD patients were then further divided into PD-NC, PD-MCI, and PDD
groups according to the diagnostic criteria for PD-MCI and PDD rec
ommended by the MDS [18–19].In addition, 70 age- and sex-matched
healthy individuals examined at our hospital’s health examination
center during the same period were selected as the healthy control group
(HC). This study was reviewed and approved by the ethics committee of
the affiliated hospital of Xuzhou Medical University, and all subjects
voluntarily signed an informed consent form after knowing the contents
of the study.

Table 1
Comparison of general data and serum 25(OH)D between patients and control
groups

2.2. Data collection
Anthropometry and medical history – Anthropometry includes age,
gender, alcohol consumption, smoking, and BMI. Medical history mainly
includes whether there is a history of hypertension and diabetes.
Sunlight exposure – Patients or caregivers were asked, “Please recall
the daily direct sunlight exposure time outdoors for recent seven days
from yesterday, and write it down day by day.” (Required to be accurate
to 0.5 h). These numbers were summed and then divided by 7 to
calculate the average daily sunlight exposure for nearly a week.
Evaluation of symptoms in PD patients – The following clinical pa
rameters were collected: the rating of motor symptoms using the part-III
scores of the Unified Parkinson Disease Rating Scale (UPDRS); disease
severity by the Hoehn-Yahr (H-Y) staging system [20],global cognitive
functions using the MoCA.
Measurement of serum 25(OH)D – 3 ml of fasting venous blood was
collected from the hospitalized PD patients in the early morning of the
following morning and the control group on the day of the health ex
amination, followed by centrifugation at 3000 R/min for 5 min, and the
serum was separated and stored in a − 80 ◦ C freezer to be tested cen
trally. The 25(OH)D content of the serum was detected by ELISA.
Human 25(OH)D kit was purchased from Guangzhou Phicon biotech
Co., and the operation procedures were performed strictly according to
the kit instructions.
Statistical analysis – Statistical analysis was performed using
SPSS22.0. The measurement data that conformed to normal distribution
were described by mean ± standard deviation (x ± s), and the inde
pendent samples t-test was used to compare data between two groups.
The data of the three groups were compared by one-way ANOVA.
Measurements that did not follow a normal distribution were expressed
as a median and interquartile range, counts were statistically described
using rate (%), and a chi-square test was used for the data comparison.
Pearson correlation analysis was used to test the correlation between
serum 25(OH)D and cognitive (MoCA scores) in the PD group. ROC
curves were used to determine the diagnostic value of serum 25(OH)D in
PD patients with cognitive impairment. P < 0.05 was considered sta
tistically significant.

Characteristic

Healthy controls (n =
70)

PD patients (n =
112)

P

Age (years)
Gender, male/female
Years of education
(year)
Body mass index (kg/
m2)
Smoking history [n
(%)]
Drinking history [n
(%)]
Hypertension [n(%)]
Diabetes mellitus [n
(%)]
Sunlight exposure (h/
d)
25(OH)D (nmol/L)

66.7 ± 8.7
38/32
9.0(6.0,12.0)

65.0 ± 8.0
69/43
9.0(6.0,12.0)

0.165
0.329
0.05

23.42 ± 3.10

24.03 ± 3.26

0.209

6(8.6)

13(11.6)

0.515

8(11.4)

13(11.6)

0.971

14(20.0)
4(5.7)

26(23.2)
5(4.5)

0.61
0.105

4.08 ± 1.25

3.98 ± 1.19

0.566

56.54 ± 14.00

45.86 ± 14.81

＜ 0.001

Table 2
Comparison of clinical characteristics and serum 25(OH)D between PD-NC, PDMCI and PDD
Characteristic

PD-NC (n =
37)

PD-MCI (n =
51)

PDD (n = 24)

Age (years)
Gender,male/
female
Years of education
(year)
Body mass index
(kg/m2)
Smoking history [n
(%)]
Drinking history [n
(%)]
Hypertension [n
(%)]
Diabetes mellitus
[n(%)]
Disease duration
(year)
H-Y stage

62.8 ± 8.9
28/9

65.3 ± 6.7
31/20

67.6 ± 8.3
10/14

0.058
0.028

9.0
(9.0,12.0)
23.68 ±
2.99
5 (13.5)

9.0
(6.0,11.5)*
24.38 ± 3.77

7.0 (0.0,9.0)*

0.002

23.83 ± 2.40

0.580

5 (9.8)

3 (12.5)

0.856

6 (16.2)

5 (9.8)

2 (8.3)

0.555

7 (18.9)

12 (23.5)

7 (29.2)

0.650

2 (5.4)

2 (3.9)

1 (4.2)

0.943

7.1 ± 3.6

8.0 ± 4.4

7.8 ± 5.1

0.383

2.5 (2.0,3.0)
42 (33,57)

3.0 (2.0,3.0)
54 (35,63)

3.0 (2.0,3.5)
54 (40,67)

0.500
0.157

26 (26,28)

12 (9,15)
***△△△
3.60 ± 1.07

＜ 0.001

4.13 ± 1.10

21 (18,23)
***
4.04 ± 1.29

53.67 ±
15.19

44.57 ±
13.13*

36.53 ±
11.37***△

＜ 0.001

UPDRS-III score
MoCA score
Sunlight exposure
(h/d)
25(OH)D (nmol/L)

P

0.210

compared to the PD-NC,*P＜0.05,***P＜0.001.
compared to the PD-MCI,△P＜0.05,△△△P＜0.001.
PD-NC: Parkinson’s disease patients with normal cognition.
PD-MCI: Parkinson’s disease patients with mild cognitive impairment.
PDD: Parkinson’s disease patients with dementia.

(Table 1). When comparing PD-NC, PD-MCI, and PDD, there was no
significant difference in age, BMI, smoking, drinking, sunlight exposure,
hypertension, diabetes, or disease duration (P > 0.05). Years of educa
tion, MoCA score, and serum 25(OH)D were significantly lower in the
PD-MCI and PDD groups compared with the PD-NC group (P < 0.05).
Compared with the PD-MCI group, the serum 25(OH)D level in the PDD
group was lower with significant differences (P < 0.05) (Table 2).

3. Results
3.1. General data and serum 25(OH)D in each group
The comparison of demographic, clinical, and laboratory data of
study subjects in each group is shown in Table 1 and Table 2. There were
no significant differences in age, gender, BMI, years of education,
smoking, drinking, sunlight exposure, hypertension, and diabetes be
tween the PD and control groups (P > 0.05). Serum 25(OH)D was
significantly decreased in PD patients compared to controls (P < 0.001)

3.2. Correlation analysis between serum 25(OH)D and clinical features
The correlation analysis showed that serum 25(OH)D was negatively
correlated with age and positively correlated with years of education
193
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and MoCA scores (P < 0.05) in PD patients (Table 3). After adjusting for
age, gender, BMI, years of education and sunlight exposure, partial
correlation analysis was used to show that serum 25(OH)D was still
positively associated with MoCA (P < 0.001).

Table 4
Association between serum 25(OH)D and the risk of incident cognitive impair
ment in PD patients by binary logistic regression analysis

3.3. Regression analysis between serum 25(OH)D and the occurrence of
cognitive impairment in PD patients

Model

B

SE

Waldχ 2

OR(95% CI)

P-value

Model 1
Model 2
Model 3

− 0.059
− 0.056
− 0.052

0.016
0.017
0.019

13.33
10.67
7.819

0.943(0.914–0.973)
0.946(0.915–0.978)
0.949(0.915–0.984)

<0.001
0.001
0.005

Model 1:Unadjusted.
Model 2:After adjusting for age and sex.
Model 3:After adjustment for age, sex, BMI, years of education, disease duration
and sunlight exposure.

Three regression models were constructed with the presence or
absence of cognitive impairment as dependent variables (yes = 1, no =
0). The results of binary logistic regression analysis using these three
model indicators as independent variables showed that higher serum 25
(OH)D was an independent protective factor for the cognitive impair
ment in PD(OR = 0.949, 95%CI=(0.915–0.984), P = 0.005). (Table 4).
3.4. ROC curve of serum 25(OH)D in diagnosing the occurrence of
cognitive impairment in PD patients
The ROC curve for serum 25(OH)D in diagnosing the occurrence of
cognitive impairment in PD patients is shown in Fig. 1. The area under
the curve was 0.713 (95% CI 0.616–0.810), and the optimal cutoff value
was 40.75 nmol/L with 53.3% sensitivity and 86.5% specificity. (Fig. 1).
4. Discussion
This is one of the few studies investigating the association between
serum 25(OH)D and cognitive impairment in Chinese PD patients. This
study showed decreased serum 25(OH)D in PD patients compared to
healthy controls and no significant differences in light hours between
the two groups, suggesting that there may be some endogenous alter
ation in serum 25(OH)D in PD patients. This is similar to the study by
Wang L et al. [10]. However, compared with previous studies, both
healthy controls and PD patients in this study had more prolonged
sunlight exposure, which may be related to differences in local lifestyle
habits and latitude of the area.
Furthermore, this study found no significant differences in disease
duration and UPDRS-III score among the three groups, including PD-NC,
PD-MCI, and PDD, but serum 25(OH)D decreased in turn, and partial
correlation analysis showed that serum 25(OH)D was positively corre
lated with MoCA scores of the patients (r = 0.489, P < 0.001), which
remained significant after adjusting for age, gender and BMI (r = 0.383,
P < 0.001). Binary logistic regression analysis showed that increased
serum 25(OH)D was an independent protective factor for cognitive
impairment in PD. This further suggests that low serum 25(OH)D may be
involved in the occurrence and development of cognitive impairment in
PD patients. This is consistent with the findings of Barichella M et al.
[21]. The underlying mechanisms of the association between 25(OH)D
and cognitive impairment in PD may involve Amyloidβ (Aβ) deposition
and inflammatory oxidative stress. The findings have shown that

Fig. 1. ROC curve of serum 25 (OH)D in diagnosing the occurrence of cognitive
impairment in PD patients

Vitamin D is beneficial for the alleviation of Aβ neurotoxicity, and it
might elicit its neuroprotection against Aβ neurotoxicity through an
interplay with GDNF-signaling [22]. In addition, vitamin D reduced the
activity of the Aβ producing enzymes BACE1 and γ-secretase, increasing
the activity of its degrading enzyme, neprilysin, to decreased Aβ-pro
duction and increased Aβ-degradation in neuroblastoma cells or vitamin
D deficient mouse brains [23]. A prospective cohort study of patients
with MCI found that vitamin D supplementation increased plasma levels
of Aβ1-40 and improved cognitive function in patients, suggesting that
Vitamin D may improve cognitive impairment by participating in the
clearance of Aβ in the brain [24]. Moreover, vitamin D has antiinflammatory effects, and studies have shown that vitamin D can
inhibit the production of pro-inflammatory factors such as TNF-α and IL6 from macrophages by targeting the MAPK pathway [25]. Vitamin D
can also increase the expression of IL-10, creating a feedback loop via
SOCS3 that downregulates the pro-inflammatory immune response by
activated microglia, thus alleviating the nervous system inflammatory
response [26]. In a model of systemic inflammatory response con
structed by intraperitoneal injection of lipopolysaccharide (LPS), the
passive avoidance and spatial learning ability of rats decreased. IL-6 and
lipid peroxide expression, after pretreatment with oral vitamin D, were
decreased, whereas the activity of catalase (CAT), superoxidase dis
mutase (SOD) and total thiol were significantly increased in hippo
campal tissue, indicating that vitamin D had a protective effect against
inflammation-induced impairment of memory function by inhibiting
oxidative stress and inflammation in the hippocampus [27]. Moreover,
low vitamin D status may be associated with the regulation of synaptic
transmission and remodeling effects on the extracellular matrix and
maybe with disruption of hippocampal structural connectivity, leading
to synaptic abnormalities that contribute to cognitive impairment in

Table 3
Correlation between serum 25(OH)D and each clinical indicator in the PD
patients
variate

Age
Gender
BMI
Years of education
Sunlight exposure
Disease duration
H-Y stage
UPDRS-III score
MoCA score

25(OH)D

25(OH)D (age, gender, BMI, years of
education and sunlight exposure
adjusted)

r

P-value

r

P-value

− 0.099
− 0.190
− 0.177
0.232
0.143
0.09
− 0.102
− 0.082
0.489

0.298
0.045
0.062
0.014
0.054
0.346
0.283
0.392
<0.001

–
–
–
–
–
0.094
− 0.084
− 0.094
0.358

–
–
–
–
–
0.333
0.389
0.336
<0.001
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patients [3,28–29].
A meta-analysis showed that only 2% of the population with PD-NC
developed dementia within three years, but 20% of the population with
PD-MCI developed dementia [30]. Detection of mild cognitive decline in
PD patients and possible interventions is of great clinical importance. In
this study, we found that the area under the curve of serum 25(OH)D in
diagnosing the occurrence of cognitive impairment in PD patients by
ROC curve analysis was 0.713 (95% CI 0.616–0.810). Serum 25(OH)D
may be helpful for us to diagnose PD patients with cognitive impair
ment. To date, there are fewer drugs worldwide for cognitive impair
ment in PD patients, and only the rivastigmine, a cholinesterase
inhibitor, is approved by the US Food and Drug Administration (FDA)
and the European Medicines Agency (EMA) for the treatment of PDD
[31]. It remains to be determined whether vitamin D supplementation is
beneficial in delaying the development of cognitive impairment in pa
tients with PD. However, long-term vitamin D supplementation carries a
low risk and many possible benefits for patients [32]. Therefore, eval
uating vitamin D for patients with PD and supplementing vitamin D for
deficient patients are worth trying.
The main limitation of the study is its cross-sectional design, which
did not allow us to identify causal relationships, so prospective studies
are needed to clarify a causal relationship. Moreover, we used the level I
criteria for PD-MCI of MDS to evaluate patients in our present study.
However, the level II criteria can increase sensitivity and allow full
subtyping of PD-MCI [19].
In conclusion, our study shows that serum 25(OH)D is decreased and
associated with cognitive impairment in patients with PD compared
with normal individuals, and it may be a useful biomarker for the
diagnosis of cognitive impairment in PD patients. But the causal rela
tionship between serum 25(OH)D and cognitive impairment in PD is
unclear, which needs further demonstration with a larger sample and
better-designed cohort study.
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