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ARTICLE INFO ABSTRACT
Keywords: A role for vitamin D deficiency and inadequate sunlight exposure in Parkinson's disease (PD) has
Vitamin D been suggested. A cross-sectional study was conducted to estimate the association of vitamin D

Parkinson's disease

deficiency and inadequate sunlight exposure with PD. A total of 87 PD patients and 88 neuro-
Sunlight exposure

logically healthy general patients with normal liver and kidney functions were selected for the

Deficiency . . . . .. . .
Inadequate study using a systematic random sampling technique. Participants were recruited from a tertiary-
Bangladesh level hospital in Dhaka, Bangladesh, following standard ethical guidelines and after obtaining

informed consent. The neurologically healthy general patients group consisted of individuals with
no history of neurological disorders, such as PD or Alzheimer's disease. Of vitamin D-deficient
participants (plasma concentration <20 ng/mL), 66.7% had PD versus 33.3% who were neuro-
logically healthy (P < 0.01); similarly, of participants with inadequate daily sunlight exposure,
63.4% had PD versus 36.6% who were neurologically healthy (P < 0.01). This study determined a
significant association between vitamin D deficiency and PD (AOR 3.02, 95% CI 1.22, 7.48, p =
0.017). In addition, inadequate daily sunlight exposure was also significantly linked to PD status
(AOR 2.31, 95% CI 1.16, 4.62, p = 0.018). The study concluded that low vitamin D levels and
inadequate sunlight exposure may be related to PD. However, large-scale, multicenter longitu-
dinal or experimental studies are needed to establish causal relationships.

1. Introduction

Parkinson's disease (PD) is a prevalent neurodegenerative disorder that becomes more common with advancing age [1]. The
prevalence of PD has been reported between 51.3 and 176.9 per 100,000 in Asia [2]. According to the World Health Organization
(WHO) data published in 2020, PD deaths in Bangladesh reached 3782 of the total deaths in the country. The age-adjusted death rate is
3.49 per 100,000 population, ranking Bangladesh number 125 in the world [3]. Modifiable risk factors such as vitamin D levels and
sunlight exposure may be associated with PD and warrant further investigation. Vitamin D, synthesized through sunlight exposure,
plays a vital neuroprotective function [4].

There are some other factors associated with PD, including exposure to pesticides, medications, smoking, alcohol consumption, and
brain injuries [5]. Vitamin D exhibits antioxidant properties in the brain, and its deficiency may be associated with the onset of PD [6].
In addition, it has been implicated to be crucial in maintaining cognitive function in old age [7]. The role of vitamin D in modulating
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the production of neurotrophic factors, regulating calcium homeostasis, and protecting against excitotoxicity underscores its impor-
tance in maintaining neural health [8,9]. Furthermore, it has been shown to have protective effects against inflammation and oxidative
stress, which are key mechanisms implicated in neurodegenerative diseases, notably PD [10]. However, a universal consensus has not
yet been reached on the thresholds for vitamin D deficiency and the optimal level for physical and mental health [11].

Research indicates that serum vitamin D levels below 30 ng/mL may adversely affect cognitive performance and elevate the risk of
neurodegenerative disorders, such as PD and Alzheimer's disease [12,13]. The threshold for vitamin D deficiency, often defined as a
serum 25-hydroxyvitamin D [25(OH)D] level below 20 ng/mL, has been linked to adverse neurological outcomes [14]. The rela-
tionship between PD and vitamin D levels remains inconsistent in scientific literature. Several studies have suggested that lower
vitamin D levels are linked to an increased risk of PD or more severe symptoms, potentially due to vitamin D's neuroprotective and
anti-inflammatory properties [11,15,16]. Studies conducted in the United States of America, China, Finland, and France also reported
an association between PD and reduced plasma vitamin D concentrations [17-21]. However, other research has failed to establish a
clear causal relationship, raising questions about whether low vitamin D is a contributing factor or a consequence of PD, possibly due
to reduced outdoor activity and sun exposure in individuals with PD [22]. These inconsistencies highlight the need for further study
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Fig. 1. STROBE flow diagram of participant selection for the study.
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across diverse populations to better understand the direction and nature of this association.

Vitamin D obtained from sunlight or dietary sources is metabolized by 25-hydroxylase, predominantly in the liver, into 25-hydrox-
yvitamin D [25(OH)D], the principal form of vitamin D present in the bloodstream. It can serve as a serum marker for quantifying
vitamin D levels in people with PD [23]. Several factors, such as latitude, seasonal changes, and local cultural practices, significantly
influence sunlight exposure and vitamin D synthesis. Higher latitudes receive less ultraviolet B (UVB) radiation, especially during
winter, limiting vitamin D production in the skin [24]. Seasonal variations also impact UVB availability, with lower levels during
colder months reducing vitamin D synthesis [25]. Additionally, cultural practices such as clothing styles, outdoor duration, and
nutrient intake affect vitamin D levels in the body [26]. These factors collectively contribute to global disparities in vitamin D status,
emphasizing the need for conducting studies in different demographics. We found a dearth of research on the prevalence of PD and its
associated risk factors in Southeast Asia, as well as in Bangladesh. To our knowledge, no study in Bangladesh has measured serum
vitamin D levels and daily sunlight exposure among patients with PD. This study investigated the association of PD with vitamin D
deficiency and daily sunlight exposure.

2. Methodology
2.1. Study design and study participant selection

A cross-sectional study was conducted among 175 patients (87 PD patients and 88 neurologically healthy general patients) who
attended Bangladesh Specialized Hospital, a tertiary-level hospital in the capital of Bangladesh. A list of patients who attended the
Department of Neuromedicine from April 2023 to June 2024 was recorded. A total of 88 neurologically healthy general patients were
recruited in the study using a systematic random sampling technique with an interval of 10. We got a total of 910 neurologically
healthy general patients; 27 did not meet our inclusion criteria, so we considered 883 eligible neurologically healthy general patients
for the study. We found a scarcity of PD patients, and we got only 102 PD patients within this study period; 11 of them did not meet our
inclusion criteria, and 4 withdrew from the study. Ultimately, we enrolled 87 PD patients in the study (Fig. 1). Participants were
recruited on working days of the week, and samples were collected and analyzed in the hospital laboratory on the same day. Detailed
medical and clinical histories were recorded on a pre-designed case record form.

2.2. Inclusion criteria, exclusion criteria

Adult patients who attended the Department of Neuromedicine of the hospital were included in the study. Patients with mental
health problems, pregnancy, cancer, unconsciousness, taking vitamin D supplements, and known diseases like chronic kidney diseases
or diseases that can influence vitamin D levels were excluded from the study. PD patients were confirmed by a doctor (neurologist)
based on their clinical investigations and laboratory diagnosis. PD patients with diagnosed endocrine system diseases like hyper-
parathyroidism and other diseases of abnormal calcium and phosphorus metabolism, recent fractures or bone tumors (<6 months
prior), known active ulcers, and active colitis were excluded from the study. The inclusion criterion for neurologically healthy general
patients was the absence of any past or present diagnosis of neurological disease, such as PD or Alzheimer's disease. Before participant
recruitment, we confirmed that participants had normal liver and kidney function. Following these inclusion and exclusion criteria, we
got only 87 PD patients and 88 neurologically healthy general patients (Fig. 1).

2.3. Measurement of vitamin D level

Blood samples were taken from the forearm using an intravenous cannula, and immunoassay-based vitamin D quantification
techniques were used to measure the 25(OH)D level, similar to the method described in Ref. [27]. The level of 25(OH)D was cate-
gorized as vitamin D deficiency [25(OH)D <20 ng/mL], insufficiency [25(OH)D = 20-29 ng/mL], and sufficiency [25(0OH)D > 30
ng/mL], respectively [15].

2.4. Measurement of daily sunlight exposure

Every participant's daily sunlight exposure was assessed during the data collection period at the hospital. A pretested, validated tool
used by another study was used to measure participants' daily sun exposure [28]. Participants were exposed to sunlight for >1 h
between 11.00 a.m. and 2.00 p.m. at least 3 days per week, and at least 18% of the body surface area without sunscreen was considered
adequate; otherwise, it was inadequate [28].

2.5. Statistical analysis

The statistical programming language R was used for data analysis, and Microsoft Excel was used for data visualization. Both
descriptive and inferential statistics were carried out in the study. Firstly, descriptive analyses, including mean with standard deviation
(SD), frequency, and percentage, were performed for all variables. Secondly, Pearson's chi-square ()2) test was used to measure the
association between PD, vitamin D status, daily sunlight exposure, and other explanatory variables. Finally, binary logistic regression
was used to estimate crude and adjusted odds ratios (AORs) to assess the association between PD and vitamin D levels and daily
sunlight exposure among study participants. Potential confounding variables, including age, sex, smoking status, smokeless tobacco
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use status, family history of PD, and income, have been adjusted in the regression analysis.
2.6. Ethics statement

Ethical approval for the study was obtained from the Institutional Review Board of Independent University, Bangladesh (Ref: IUB/
IRB/Non-SR/2023/SPPH02). Informed consent was obtained prior to the data collection. Data were anonymous, and confidentiality
was strictly maintained. Participants were informed of their full right to withdraw from the study or to refuse to answer any questions.
No incentives were given to participate in the study. They were informed about the publication of the results in a scientific journal/
conference. The study was conducted in accordance with the Declaration of Helsinki (2013 revision) issued by the World Medical
Association.

3. Results
3.1. Background characteristics

Table 1 represents the background characteristics of the study participants. The mean age of the respondents was 63.18, and the
majority (40.6%) of them were between 60 and 70 years old. Slightly more than half (52%) of them were female. Most of them (53.1%)
were from the upper economic group, with family income above 80000 Bangladeshi taka (BDT) per month. Around 70% of re-
spondents were from families with five or more members. Most respondents (60%) were nonsmokers. In addition, 97.1% respondents
did not use any form of smokeless tobacco.

3.2. Daily sunlight exposure and clinical features of the respondents

This study showed that 59.4% of participants exposed themselves to sunlight for more than an hour between 11.00 a.m. and 2.00 p.
m. at least three days per week, with at least 18% of their body surface area exposed without sunscreen (Table 2). Of the 87 PD patients
and 88 neurologically healthy general patients, approximately one-fourth (24.6%) of the respondents had a family history of PD. The
mean vitamin D level was 24.44 ng/mL, and most of the respondents had insufficient (20-29 ng/mL) levels of vitamin D. We found that
only 29.1% of respondents had sufficient (>30 ng/mL) levels of vitamin D.

3.3. Distribution of background characteristics among neurologically healthy general patients and PD patients

Table 3 presents the distribution of background characteristics of the respondents according to their PD status. Of participants aged
70 years and above, 58.3% were neurologically healthy versus 41.7% who had PD; conversely, of those aged 50-60 years, 52.9% had
PD versus 47.1% who were neurologically healthy. The study also found that among female participants, 52.7% had PD compared with

Table 1
Background characteristics of the study participants (n = 175).
Background characteristics n %
Age
Mean =+ SD 63.18 (+7.69)
50-60 68 38.9
60-70 71 40.6
70 and above 36 20.5
Sex
Male 84 48
Female 91 52
Monthly family income (Thousand BDT)
Mean =+ SD 97514.28 (+41549.97)
Less than 70000 39 22.3
70000-80000 43 24.6
80000 and above 93 53.1
Occupation
Job holder 59 33.7
Business 50 28.6
Housewife 66 37.7
Number of family members
<4 51 29.1
>5 124 70.9
Smoking status
No 105 60.0
Yes 70 40.0
Smokeless tobacco use
No 170 97.1
Yes 5 2.9
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Table 2
Overall distribution of sunlight exposure and clinical features of the study participants (n = 175).

Sunlight exposure and clinical features n %

Daily sunlight exposure

Inadequate 71 40.6
Adequate 104 59.4
Having PD
No 88 50.3
Yes 87 49.7
Family history of PD
No 132 75.4
Yes 43 24.6
Vitamin D level (ng/mL)
Mean + SD 24.44(+9.37)
Deficient < 20 54 30.9
Insufficient 20-29 70 40.0
Sufficient > 30 51 29.1

Table 3
Distribution of background characteristics by neurologically healthy general patients (n = 88) and PD patients (n = 87).
Background characteristics Neurologically healthy general patients (%) PD patients (%) P value
Age
50-60 47.1 529
60-70 49.3 50.7 0.530
70 and above 58.3 41.7
Sex
Male 53.6 46.4
Female 47.3 52.7 0.401
Monthly family income (thousand BDT)
Less than 70000 BDT 61.5 38.5
70000-80000 BDT 48.8 51.2 0.270
80000 BDT and above 46.2 53.8
Occupation
Job holder 50.8 49.2
Business 54.0 46.0 0.822
Housewife 50.0 50.0
Smoking status
No 49.5 50.5
Yes 51.4 48.6 0.800
Smokeless tobacco use
No 50.0 50.0
Yes 60.0 40.0 0.653

Row percentages were calculated within each exposure category.

47.3% who were neurologically healthy; likewise, of participants with a monthly household income above 80000 BDT, 53.8% had PD
versus 46.2% who were neurologically healthy. We found no significant association between PD and smoking or smokeless tobacco use
among the respondents.

Table 4
Daily sunlight exposure and clinical features of the study participants by neurologically healthy general patients (n = 88) and PD patients (n = 87).

Daily sunlight exposure and clinical features Neurologically healthy general patients (%) PD patients (%) P value

Daily sunlight exposure

Inadequate 36.6 63.4

Adequate 59.6 40.4 0.003
Family history of PD

No 53.8 46.2

Yes 39.5 60.5 0.104
Vitamin D level (ng/mL)

Deficient < 20 333 66.7

Insufficient 20-29 51.4 48.6 0.003

Sufficient > 30 66.7 33.3

Row percentages were calculated within each exposure category.
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3.4. Distribution of clinical features by PD

The study found a significant difference between neurologically healthy general patients and PD patients in their daily sunlight
exposure and vitamin D levels (Table 4). Of respondents with inadequate daily sunlight exposure, 63.4% had PD versus 36.6% who
were neurologically healthy. Likewise, of participants with vitamin D deficiency, 66.7% had PD versus 33.3% who were neurologically
healthy.

3.5. Association of PD with sunlight exposure and vitamin D level

After adjusting for age, sex, monthly household income, family history of PD, smoking, and smokeless tobacco use of the re-
spondents in the binary logistic regression model, the study determined that daily sunlight exposure and vitamin D were associated
with PD status of the participants (Fig. 2). The study found that inadequate daily sunlight exposure was significantly linked to PD (AOR
2.31, 95% CI 1.16, 4.62, p = 0.018). Additionally, vitamin D deficiency and PD status were positively correlated among the study
participants (AOR 3.02, 95% CI 1.22, 7.48, p = 0.017). The study found no significant association between PD and the respondents'
age. The AOR for 60-70 years old participants was 0.72 (95% CI 0.33, 1.56, p = 0.399), and for 70+ years, it was 0.39 (95% CI 0.15,
1.03, p = 0.057). Similarly, the study did not suggest any association of PD with sex (AOR 0.58, 95% CI 0.21, 1.59, p = 0.290), smoking
(AOR 1.11, 95% CI 0.40, 3.06, p = 0.848), smokeless tobacco use (AOR 1.17, 95% CI 0.17, 10.08, p = 0.886), family history of PD
(AOR 1.25, 95% CI 0.56, 2.82, p = 0.583) and monthly family income.

4. Discussion

This pilot study, conducted among 87 PD patients and 88 neurologically healthy general patients at a tertiary-level hospital in
Bangladesh, provides compelling evidence that the chance of having PD is significantly associated with vitamin D deficiency and
inadequate sunlight exposure, with odds of 3.02 and 2.31, respectively.

This study found that vitamin D deficiency and PD are positively correlated. To be more specific, individuals with a vitamin D level
less than 20 ng/mL have approximately three times higher odds of having PD. This finding is supported by several previous studies,
which have reported a significant association between reduced plasma vitamin D concentration and PD [17,18,29]. Another study by
Wang et al. found a significant positive correlation of vitamin D deficiency and PD [30]. The prevalence of PD was found to be highest
among subjects with the lowest quartile of 25(OH)D level, with an OR of 2.66 (95% CI 1.75, 4.03) compared to subjects with the
highest quartile [30].

Similarly, another case-control study by Ming Xia and Qingjiu Zhou found a significantly higher prevalence of PD (OR 11.79, 95%
CI 1.34, 10.35) among participants with the lowest plasma concentration of 25(OH)D [15]. In addition, our finding is consistent with
the retrospective cross-sectional cohort study of Evatt et al., which reported that vitamin D level was lower among PD patients than the
healthy controls [17]. Furthermore, the positive association between the probability of developing PD and lower serum vitamin D level
was observed by the study of P. Knekt et al. [19]. Likewise, several other studies also found a significantly lower level of vitamin D
among patients with PD, which corroborated the findings of this study [18,31-33].

The potential mechanism of the role of vitamin D deficiency and the chance of developing PD was examined in some studies.
Previous studies on brain tissue showed that PD affects vitamin D receptors, which are widely distributed in the brain [34,35]. Thus,

Vitamin D level (Deficient < 20 ng/mL) * 3.020 (1.220-7.476) 0.017
Vitamin D level (Insufficient 20-29 ng/mL) st 1,557 (0.702-3.453) 0.276
Diaily sun exposure (No) ——————— 2.312 (1.158-4.617) 0.018

Age (60-70 years)  wdp—t 0,715 (0.328-1.559) 0.399

Age (70 years and above) =t 0.394 (0.151-1.027) 0.057

Sex (Male) v4— 0.581 (0.212-1.590) 0.290

Smoking (Yes) t—tp——— 1.105 {0.399-3.056) 0.848

Smokeless tobacco use (Yes) * 1.170 (0.136-10.079) 0.886

Family history of PD (Yes) —y— 1.254 (0.558-2.816) 0.583

Monthly family income (Less than 70000 BDT) 44— 0.418 (0.309-1.604) 0.067
Monthly Family income (70000-80000 BDT)  wd 0.704 (0.164-1.064) 0.403
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Fig. 2. Relationship between PD, sunlight exposure, and vitamin D levels.
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PD plays a vital role in lowering the concentration of vitamin D in the body, suggesting reduced normal function of our brain.

The positive link between PD and inadequate sun exposure in this study has been supported by the study of Wang et al., in which
they found a significant positive association between serum vitamin D level and sunlight exposure [36]. Lower levels of serum vitamin
D and sunlight exposure are significantly associated with an increased risk of PD [15,36]. Vitamin D mainly comes from sunlight
exposure [24]. Therefore, inadequate sunshine exposure may be related to vitamin D deficiency, which has been found to be signif-
icantly associated with PD status in this study, as well as several other studies mentioned above. Moreover, reduced sun exposure may
exaggerate the problem by limiting the vitamin D mechanism in the body. However, sunlight exposure varies across different regions
and races. Vitamin D production depends on both the intensity and duration of ultraviolet irradiation, which varies across different
geographic regions [37].

On the other hand, this study did not find any significant association of PD with age, sex, monthly household income, family history
of PD, smoking, or smokeless tobacco use status. This finding is supported by a study conducted at Isfahan Neurosciences Research
Center in 2013, in which they reported that there are no sex differences in PD [38]. However, the study of Ming Xia and Qingjiu Zhou
found an association between PD and age [15]. Their study was a case-control study, and moreover, their sample size and study setting
were different from this study, which may be the possible explanation for such a difference. We did not find any significant association
between PD and smoking and smokeless tobacco use. On the contrary, some studies found smokers have a substantially lower relative
risk for PD than nonsmokers (pooled adjusted odds ratio of smokers vs. never-smokers, 0.2-0.5 [39-42]. In addition, the use of chewing
tobacco has been reported to reduce PD risk, with hazard ratios of 0.4-0.5 [43,44]. One possible explanation is that nicotine may act as
a stimulant to inhibit the action of the striatal dopamine transporter, increasing dopamine levels in the synaptic gap. This relationship
of smoking with PD risk may be explained by the inverse modification of dopamine levels between PD and nicotine addiction [45].
Thus, these factors can be considered to further large-scale studies conducted in diverse settings.

The study examines the association of vitamin D deficiency and inadequate daily sunlight exposure with PD in a new geographic
context, adding valuable insights to the existing body of research. This encourages region-specific longitudinal or experimental studies
that could help understand how regional and cultural differences might influence the relationship between vitamin D levels, sunlight
exposure, and PD. In addition, by highlighting vitamin D deficiency in a specific population with different geographic characteristics,
this study can advocate region-specific strategies for the prevention and management of PD.

This study has some limitations. Firstly, the cross-sectional design of the study cannot establish a causal association of PD with
vitamin D deficiency and inadequate sun exposure. It is difficult for the study to determine whether individuals with PD are more likely
to have these deficiencies. However, the study found that PD is significantly associated with the level of vitamin D deficiency and
inadequate sun exposure. Further longitudinal or experimental studies are needed to establish whether vitamin D deficiency plays a
direct role in developing PD. Secondly, there is a small sample size. Due to the low incidence and prevalence of PD patients, we were
unable to recruit a larger sample, limiting the study's ability to meet the required sample size for robust statistical power. This lim-
itation should be considered in future research with a larger sample to enhance statistical reliability and generalizability. It limits the
generalizability of the findings. In addition, we selected neurologically healthy general patients in 10 intervals to minimize the
sampling bias. Further longitudinal or experimental studies with larger sample sizes may yield a stronger causal association between
PD and vitamin D. Some key lifestyle and genetic factors beyond those listed in the study (e.g., dietary habits, physical activity) may
also influence both vitamin D levels and PD risk. Future studies can consider these factors. Finally, sunlight duration fluctuates due to
seasonal variation. Therefore, future studies should consider this confounder when predicting sunlight exposure as a risk factor for PD.

5. Conclusion

This cross-sectional pilot study provides evidence of an association between PD and vitamin D deficiency as well as inadequate
sunlight exposure; however, it cannot establish causality. Further multicenter longitudinal or experimental studies with larger sample
sizes considering dietary habits, physical activity, and cultural, seasonal, and regional variation in sunlight exposure may yield a
stronger causal association between PD and vitamin D.
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