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Serum 25-hydroxyvitamin D
concentrations and their impact
on all-cause mortality Iin
Parkinson's disease: insights from
National Health and Nutrition
Examination Survey 1999-2020
data

Yufei Yong*, Hui Dong, Zhen Zhou, Yan Zhu, Meiling Gu and
Wenxiao Li

Department of Health Management Center, The Affiliated Hospital of Qingdao University, Qingdao,
China

Background and purpose: This study explores the relationship between serum
25-hydroxyvitamin D [25(OH)D] levels and mortality among Parkinson’s disease
(PD) patients, providing evidence for the potential benefits of vitamin D (VD)
supplementation.

Methods: PD patients were collected from the National Health and Nutrition
Examination Survey (NHANES) database from 1999 to 2020. These patients were
categorized based on their serum 25(OH)D levels: deficiency, insufficiency, and
sufficiency. We compared demographic information and analyzed mortality
data from the National Death Index. A restricted cubic spline model assessed the
nonlinear association between 25(0OH)D levels and mortality, complemented
by multivariable Cox regression analysis. Consistency of results was checked
through subgroup analysis.

Results: The study included 364 PD patients: 87 (23.9%) with VD deficiency, 121
(33.2%) with insufficiency, and 156 (42.9%) with sufficiency. Demographically,
46.4% were male, and 56% were over 65years. The deficiency group predominantly
consisted of Mexican Americans (53.1%), had lower income levels, a higher
unmarried rate, and increased liver disease incidence. The analysis showed a
U-shaped curve between 25(OH)D levels and mortality risk, with the lowest risk at
78.68nmol/L (p-non-linear=0.007, p-overall=0.008). Kaplan—Meier analysis found
the highest survival rates in patients with 25(OH)D levels between 75-100nmol/L
(p=0.039). Compared to this group, patients with levels below 50nmol/L had a
3.52-fold increased mortality risk (95% Cl=1.58-7.86, p=0.002), and those above
100nmol/L had a 2.92-fold increase (95% Cl=1.06-8.05, p=0.038). Age-specific
subgroup analysis (p=0.009) revealed that both very low (<50nmol/L) and high
(>100nmol/L) levels increased mortality risk in patients under 65, while levels
below 75nmol/L raised mortality risk in older patients.

Conclusion: Serum 25(OH)D levels are nonlinearly linked to mortality in PD
patients, with optimal survival rates occurring at 75-100 nmol/L. Deviations
from this range increase the risk of death.
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1 Introduction

Parkinson’s disease (PD) the
neurodegenerative disorder worldwide, marked by symptoms such as

is second most common
resting tremor, rigidity, bradykinesia, and postural instability. The
prevalence of PD has increased significantly, from 0.9 per 1,000 individuals
in the 1980s to 3.81 per 1,000 in the period from 2010 to 2023. Among
those over 60years old, the incidence is 9.34 per 1,000. Estimates suggest
that by 2030, the global PD population will range between 8.7 and 9.3
million (1, 2). The pathological hallmarks of PD include the accumulation
of Lewy bodies and the loss of dopaminergic neurons in the substantia
nigra (3). Risk factors for PD encompass older age, male sex, genetic
predispositions, exposure to pesticides, concurrent diabetes, and dairy
consumption (4, 5), whereas smoking, regular physical activity, and
caffeine intake may offer protective effects (6). Research indicates that PD
patients experience a 2.22-fold increase in all-cause mortality compared
to the general population, with mortality risk increasing by 1.05 times with
each additional year of age (7, 8). A report by Public Health England noted
a45% rise in PD-related mortality from 2001 to 2014 (9), highlighting the
critical need to address mortality to improve outcomes for PD patients.
Vitamin D (VD), a fat-soluble vitamin, is synthesized in the skin
or obtained through dietary supplements. It is converted to
25-hydroxyvitamin D [25(OH)D] in the liver and further hydroxylated

in the kidneys to its active form, 1,25-dihydroxyvitamin D (10). Serum
levels of 25(OH)D below 50 nmol/L typically indicate VD deficiency
(11). A survey utilizing the National Health and Nutrition Examination
Survey (NHANES) data in the United States found that 41.6% of adult
participants had 25(OH)D levels below this threshold (12). VD
deficiency impacts calcium absorption, potentially leading to
osteoporosis, and is associated with higher risks of several conditions
including cancer, infections, autoimmune and cardiovascular diseases,
and various psychological and neurological disorders such as
depression, bipolar disorder, schizophrenia, Alzheimer’s disease, and
PD. (13-15) The National Academy of Sciences advises a daily intake
of 15 micrograms (600IU) of VD for individuals under 70 years old
and 20 micrograms (8001IU) for those aged 70 and above to mitigate
these risks (16).

Previous research has shown a significant inverse relationship
between serum 25(OH)D levels and PD incidence rates (17). Both VD
deficiency [total 25(OH)D <50nmol/L] and insufficiency [total
25(0OH)D <75nmol/L] increase the risk of PD development (18).
However, the association between 25(OH)D levels and mortality rates
in PD patients has been less studied. This research utilizes NHANES
data to explore the impact of serum 25(OH)D levels on all-cause
mortality in PD patients, aiming to provide insights that could
improve prognosis for these patients.

NHANES 1999-2020
n=16,876

)

Self-reported PD patients

n=620
> Excluded participants age<40
n=89
4
Remaining participants
n=531
I > Excluded missing data on vitamin D
v n=166
Remaining participants
n=365
| > Excluded ineligible mort data
+ n=1
Participants enrolled in analysis
n=364
FIGURE 1
Flow chart of study inclusion.
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TABLE 1 Basic characteristics of participants.

Characteristics Deficiency (<50 nmol/L) (n = 87) Insufficiency (50-75 nmol/L) Sufficiency (>75 noml/L)
(n =121) (n =156)
<65 42 (63%) 54 (59%) 64 (53%)
>65 45 (37%) 67 (41%) 92 (47%)
Sex, n (%) 0.6
Female 46 (67%) 59 (59%) 90 (64%)
Male 41 (33%) 62 (41%) 66 (36%)
Smoking, n (%) 0.065
Never 33 (43%) 62 (54%) 82 (55%)
Former 27 (20%) 39 (27%) 49 (28%)
Now 27 (37%) 20 (19%) 25 (16%)
Drinking, 7 (%) 0.2
Never 11 (8.2%) 15 (10%) 20 (9.9%)
Former 34 (38%) 39 (27%) 45 (24%)
Now 42 (54%) 67 (63%) 91 (66%)
Ethnicity, n (%) 0.002
Mexican American 17 (8.9%) 7 (2.7%) 8 (1.6%)
Non-Hispanic White 48 (73%) 81 (81%) 119 (91%)
Non-Hispanic Black 15 (11%) 15 (7.0%) 17 (4.0%)
Other race 7(7.3%) 18 (8.9%) 12 (3.5%)
Marital status, 7 (%) 0.039
Never married 16 (16%) 15 (12%) 6 (3.0%)
Widowed/divorced/separated 30 (33%) 48 (41%) 31 (25%)
Married/living with partner 41 (52%) 58 (48%) 62 (72%)
PIR, n (%) 0.031
<13 44 (38%) 43 (27%) 37 (14%)
1.3-3.5 25 (28%) 48 (43%) 73 (46%)
>3.5 18 (34%) 30 (30%) 46 (40%)
Education level, n (%) 0.5
Less than high school 35 (26%) 36 (21%) 39 (16%)
High school/equivalent 16 (23%) 29 (26%) 30 (22%)

(Continued)
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TABLE 1 (Continued)

Characteristics

Deficiency (<50 nmol/L) (n = 87)

Insufficiency (50—-75 nmol/L)

Sufficiency (>75 noml/L)

(n =121) (n =156)
College/more than high school 36 (51%) 56 (53%) 87 (63%)
BMI, kg/m?, 7 (%) 0.4
<25 23 (20%) 33 (26%) 44 (31%)
25-28 22 (32%) 35 (26%) 50 (32%)
>28 42 (48%) 53 (47%) 62 (37%)
Caffeine consumption 70 (11, 140) 126 (28, 243) 133 (50, 245) 0.11
Physical activity 0.12
Active 15 (28%) 35 (47%) 46 (34%)
Inactive 57 (72%) 65 (53%) 93 (66%)
Diabetes mellitus, 7 (%) 0.5
No 54 (69%) 88 (77%) 108 (76%)
Yes 33 (31%) 33 (23%) 48 (24%)
Hyperlipidemia, n (%) 0.7
No 21 (24%) 21 (18%) 26 (17%)
Yes 66 (76%) 100 (82%) 130 (83%)
Hypertension, n (%) 0.3
No 30 (34%) 38 (32%) 51 (42%)
Yes 57 (66%) 83 (68%) 105 (58%)
Stroke, 1 (%) 0.4
No 71 (81%) 103 (88%) 139 (90%)
Yes 16 (19%) 18 (12%) 17 (9.8%)
ASCVD, 1 (%) 0.06
No 56 (66%) 80 (75%) 120 (84%)
Yes 31 (34%) 41 (25%) 36 (16%)
Cancer, n (%) 0.6
No 69 (70%) 94 (75%) 124 (78%)
Yes 18 (30%) 27 (25%) 32 (22%)
Chronic heart failure, n (%) 0.7
No 76 (86%) 107 (91%) 140 (92%)
Yes 11 (14%) 14 (9.2%) 16 (8.2%)

(Continued)
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TABLE 1 (Continued)

Characteristics Deficiency (<50 nmol/L) (n = 87) Insufficiency (50—75 nmol/L) Sufficiency (>75 noml/L)
(n=121) (n =156)
COPD, 7 (%) 0.5
No 80 (91%) 104 (85%) 138 (90%)
Yes 7.(9.2%) 17 (15%) 18 (10%)
Liver disease, n (%) 0.019
No 78 (86%) 117 (98%) 143 (90%)
Yes 9 (14%) 4(22%) 13 (9.5%)

PIR, ratio of family income to poverty; BMI, body mass index; ASCVD, arteriosclerotic cardiovascular disease; COPD, chronic obstructive pulmonary disease.

TABLE 2 Cause of death in participants.

Characteristic Overall (n =132) Deficiency (<50 nmol/L) Insufficiency (50— Sufficiency (>75noml/L) p-value
(n =39) 75 nmol/L) (n =50) (n =43)

Cause of death 0.5

Diseases of heart 34 (24%) 8 (22%) 13 (25%) 13 (25%)

Malignant neoplasms 19 (14%) 8 (24%) 6 (14%) 5(7.3%)

Chronic lower respiratory diseases 4(2.2%) 1 (4.4%) 3(3.0%) 0 (0%)

Accidents 4 (3.0%) 0 (0%) 1(1.7%) 3(6.3%)

Cerebrovascular diseases 4(2.7%) 2(2.5%) 1 (1.0%) 1 (4.5%)

Alzheimer’s disease 6 (4.0%) 2 (6.9%) 3(4.9%) 1 (1.4%)

Diabetes mellitus 3(3.5%) 1(3.5%) 1(3.8%) 1(3.2%)

Influenza and pneumonia 3(2.9%) 1(4.1%) 2 (5.1%) 0 (0%)

Nephritis, nephrotic syndrome and 1 (03%) 0(0%) 0(0%) 1 07%)

nephrosis

All other causes 54 (43%) 16 (33%) 20 (41%) 18 (51%)
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2 Materials and methods
2.1 Study design and participants

The NHANES database, managed by the National Center for
Health Statistics (NCHS), assesses the health and nutritional status of
the United States population. This study obtained Institutional Review
Board approval from the NCHS, with all participants providing
written informed consent.

2.2 Diagnosis of PD

Participants from the NHANES questionnaire survey who
reported using medications such as methyldopa, levodopa, carbidopa,
pramipexole, ropinirole, amantadine, selegiline, entacapone,
benztropine, trihexyphenidyl, zonisamide, apomorphine, tolcapone,
orphenadrine, rasagiline, rotigotine, and safinamide, based on criteria

established in previous studies (19-21).

TABLE 3 Relationship between serum 25(OH)D and the all-cause mortality.

10.3389/fnut.2024.1423651

2.3 Measurement of serum 25(OH)D

Serum levels of 25(OH)D, including both D2 and D3 variants, were
initially measured using the RIA method (NHANES 2001-2006) and
subsequently by standardized LC-MS/MS (2007-2018). Data from 2001~
2006 were adjusted to align with LC-MS/MS standards for consistency.
VD status was classified into three categories: deficiency (<50nmol/L),
insufficiency (50-75nmol/L), and sufficiency (>75nmol/L) (10).

2.4 Ascertainment of mortality

Mortality data were sourced from the National Death Index (NDI)
and updated through December 31, 2019. The data were linked via the
NCHS, with mortality eligibility indicated by the variable ELIGSTAT
and vital status by MORTSTAT. Follow-up duration was calculated in
person-months from the interview date to either the date of death or
the end of the study, tracked by the variable PERMTH_INT. Causes
of death were classified according to the 10th revision of the
International Statistical Classification of Diseases, Injuries, and Causes
of Death (ICD-10).

Vitamin D HR 95% ClI p-value
Unadjusted 0.99 0.98-1.00 0.200
Modell 0.99 0.98-1.00 0.243
Model2 0.99 0.98-1.01 0.271

Model 1 was adjusted for age, sex, marital status, smoking, drinking, BMI. Model 2 was adjusted for Model 1+ diabetes mellitus, hypertension, COPD, chronic heart failure, stroke, ASCVD,
cancer. HR, hazard ratio; CI, confidence intervals; BMI, body mass index; ASCVD, arteriosclerotic cardiovascular disease.

~

HR (95% CI)

1

| P-overall =0.008

| P-non-linear =0.007

| Reference value =78.68

100

Serum 25(0OH)D(nmol/L)

FIGURE 2

The RCS curve of 25(0OH)D and all-cause mortality. Adjusted by age, sex, marital status, ethnicity, smoking, PIR, education level, drinking, BMI, diabetes
mellitus, hypertension, hyperlipidemia, COPD, chronic heart failure, stroke, ASCVD, cancer, liver disease.
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2.5 Assessment of covariates

Demographic information and medical history were collected to
serve as covariates. These included age (grouped as <65 years and
>65 years), sex, body mass index (BMI categorized as <25, 25-30,
and >30kg/m?), race, education level, marital status, and poverty
income ratio (PIR categorized as <1.3, 1.3-3.5, and >3.5). Lifestyle
factors assessed included caffeine consumption, smoking history
(classified into non-smokers (less than 100 cigarettes), former
smokers (more than 100 cigarettes but quit), and current smokers
(more than 100 cigarettes and currently smoking) based on lifetime
cigarette consumption), and alcohol consumption history. Physical
activity was determined through a questionnaire, defining moderate
activity as at least 10 min of exercise per day over the last 30 days that
induced light sweating or a slight to moderate increase in breathing
or heart rate.

Health conditions were meticulously recorded. Diabetes was
identified by fasting blood glucose levels >7mmol/L, HbAlc
>11.1mmol/L, use of diabetes medication, or a previous diagnosis by a
doctor. Hypertension was defined by blood pressure >140/90 mmHg, use
of antihypertensive medication, or a prior diagnosis. The presence of
stroke, atherosclerotic cardiovascular disease (ASCVD), liver disease,
chronic obstructive pulmonary disease (COPD), cancer, and chronic
heart failure were all established based on self-reported medical history.

2.6 Statistical analysis

Continuous variables were presented as either medians with
interquartile ranges (IQR) or means with standard deviations (SD),
and analyzed using the Kruskal-Wallis test. Categorical variables were

10.3389/fnut.2024.1423651

reported as frequencies and percentages and evaluated using the
chi-square test. To handle missing data, multiple imputation
techniques were employed.

In the analysis, serum 25(OH)D levels were treated as a
continuous variable in Cox regression to assess their linear relationship
with mortality. Restricted cubic spline (RCS) curves depicted this
relationship, with reference groups selected based on RCS outcomes.
Kaplan-Meier survival curves were generated to compare survival
rates across different groups using the Breslow test.

Covariates such as age, sex, marital status, race, PIR, education
level, and smoking status were included in the multivariable Cox
regression analysis (Model 1). Model 2 extended adjustments to
include hypertension, diabetes, stroke, ASCVD, and liver disease
history, exploring the independent impact of serum 25(OH)D on PD
mortality rates.

Subgroup analyses based on age and sex were conducted to
ensure result consistency, employing likelihood ratio tests to explore
interactions between these subgroups and 25(OH)D levels. All
statistical analyses were performed using R software version 4.3.1. A
p-value of less than 0.05 was considered statistically significant.

3 Results
3.1 Participant demographics

From the NHANES interviews conducted between 1999 and
2020, 16,876 participants were initially considered, including 620 who
self-reported having PD. After excluding 89 individuals under 40 years
old and 167 lacking complete serum 25(OH)D and mortality data, 364
participants were included in the final analysis (Figure 1). These

1.00
Vitamin D(nmol/L)
-+ <50
-+~ 50~75
=+ 75~100
0.75
-+ >100
2
E
©
Qo
o
2 0.50
©
2
S
>
%]
0.25 Breslow p=0.039
0.00 g r v v
0 50 100 150 200
Time(months)
FIGURE 3
Kaplan—Meier curve of all-cause mortality by four groups of 25(0OH)D.
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TABLE 4 Relationship between covariant variables and the all-cause mortality.

Variables HR (95% Cl) p-value
Age (>65) 3.81(2.33-6.23) <0.001
Male 2.12(1.30-3.44) 0.002
Smoking

Former 1.96 (1.11-3.45) 0.021
Now 1.54 (0.78-3.06) 0.2
Drinking

Former 0.89 (0.42-1.90) 0.8
Now 0.6 (0.29-1.24) 0.2
Ethnicity

Non-Hispanic White 0.99 (0.49-2.03) >0.9
Non-Hispanic Black 0.8 (0.33-1.93) >0.6
Other race 0.54 (0.14-2.07) 0.4
Marital status

Widowed/divorced/separated 1.35 (0.68-2.69) 0.4
Married/living with partner 0.6 (0.30-1.20) 0.15
PIR, 1 (%)

1.3-3.5 0.83 (0.51-1.36) 0.5
>35 0.73 (0.41-1.31) 0.3
Education level

High school or equivalent 0.41 (0.20-0.85) 0.017
College or more than high school 0.71 (0.43-1.17) 0.2
BMI

25-28 1.61 (0.89-2.91) 0.12
>28 0.92 (0.51-1.64) 0.8
Caffeine consumption 1.00 (1.00-1.00) 0.93
Physical activity 0.64 (0.36-1.16) 0.143
Diabetes mellitus, n (%) 2.18 (1.32-3.60) 0.002
Hyperlipidemia, n (%) 1.22 (0.71-2.07) 0.5
Hypertension, n (%) 2.24 (1.35-3.70) 0.002
Stroke, 1 (%) 1.85 (1.02-3.35) 0.041
ASCVD, n (%) 2.54 (1.55-4.17) <0.001
Cancer, n (%) 1.15 (0.69-1.90) 0.6
Chronic heart failure, 7 (%) 1.87 (0.92-3.80) 0.085
COPD, 1 (%) 1.66 (0.83-3.34) 0.2
Liver disease, n (%) 1.73 (0.78-3.85) 0.2

PIR, ratio of family income to poverty; BMI, body mass index; ASCVD; arteriosclerotic cardiovascular disease; COPD, chronic obstructive pulmonary disease.

participants were categorized based on their serum 25(OH)D levels
into deficiency (87 participants, 23.9%), insufficiency (121
participants, 33.2%), and sufficiency (156 participants, 42.9%).
Analysis revealed no significant age or gender differences across these
groups. Notably, the deficiency group had a higher proportion of
Mexican American participants (53.1%), lower poverty income ratios,
a greater number of unmarried individuals, and a higher incidence of
liver disease (Table 1).
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3.2 25(0OH)D levels and mortality in PD

Over an average follow-up of 8.5years, 132 PD patients died,
primarily from heart disease (24%) and malignant tumors (14%). No
significant mortality differences were observed among patients with
varying levels of VD (Table 2). Analysis using serum 25(OH)D as a
continuous variable in both univariate and multivariate Cox regression
revealed no direct correlation with mortality rates among PD patients
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Models HR(95% CI) p -value
Unadjusted
<50 —— 2.21 (1.21-4.06) 0.010
50~75 — —— 1.96 (1.05-3.67) 0.036
>100 H—— 1.90 (0.83-4.32) 0.130
Model 1
<50 ¢ 2.94 (1.46-5.93) 0.002
50~75 — 1.98 (0.98-4.00) 0.056
>100 ¢ 2.39(0.99-5.78) 0.052
Model 2
<50 * 3.52 (1.58-7.86) 0.002
50~75 "N 2.28 (1.00-5.20) 0.051
>100 M 2.92 (1.06-8.05) 0.038
o 1 2 3 4 5 6 7 8 9 10
FIGURE 4
Relationship between 25(0OH)D groups and the all-cause mortality. The 75-100 mmol/L group was set as the control group. Model 1 was adjusted for
age, sex, marital status, ethnicity, smoking, PIR, education level. Model 2 was adjusted for Model 1 + diabetes mellitus, hypertension, stroke, ASCVD,
liver disease. HR, hazard ratio; Cl, confidence intervals; PIR, ratio of family income to poverty; ASCVD, arteriosclerotic cardiovascular disease.

(Table 3). However, after adjusting for variables such as age, sex, race,
marital status, PIR, BMI, smoking habits, and medical conditions
including hypertension, diabetes, and stroke, a U-shaped relationship
emerged between serum 25(OH)D levels and mortality risk, with the
lowest risk observed at 78.68nmol/L (p-non-linear=0.007,
p-overall=0.008) (Figure 2).

Serum 25(OH)D was grouped into four categories: Group 1
(<50 nmol/L), Group 2 (50-75nmol/L), Group 3 (75-100 nmol/L,
the reference group), and Group 4 (>100 nmol/L). Kaplan-Meier
analysis showed the highest survival rate in Group 3, with
significant differences noted (p=0.039) (Figure 3). Univariate
Cox regression analysis results, detailed in Table 4, highlighted
the mortality risks associated with different serum 25(0OH)D
levels. Multivariate COX regression analysis results are shown in
Figure 4. Model 1, adjusted for demographic factors like age and
sex, indicated that the mortality risk in Group 1 was 2.94 times
higher than in Group 3 (95% CI=1.46-5.93, p=0.002). Model 2
incorporated additional adjustments for covariates including
hypertension, diabetes, and history of ASCVD. This model
showed that the mortality risk for Group 1 was 3.52 times higher
than that of Group 3 (95% CI=1.58-7.86, p =0.002), and the risk
for Group 4 was 2.92 times higher (95% CI=1.06-8.05,
p=0.038).

3.3 Subgroup analysis

Exploratory subgroup analyses indicated significant
interactions between age and serum 25(OH)D levels (p =0.009).
In the subgroup aged <65 years, those in Groups 1 and 4 showed
increased mortality risks with hazard ratios (HR) of 4.54 (95%
CI=1.29-16.0, p=0.018) and 9.82 (95% CI=2.45-39.3,
p=0.001), respectively. Among participants older than 65,
increased risks were found in Groups 1 and 2, with HRs of 2.17
(95% CI=1.14-4.13, p=0.018) and 1.94 (95% CI=1.11-3.40,

Frontiers in Nutrition

p=0.02). No significant interactions were observed for sex or
comorbidities (Figure 5).

4 Discussion

This study established a U-shaped nonlinear relationship
between serum 25(OH)D levels and mortality among PD patients,
identifying the lowest mortality risk at approximately
78.68 nmol/L. PD patients with serum 25(OH)D concentrations
within the optimal range of 75-100 nmol/L exhibited the highest
survival rates. In contrast, those with levels below 50 nmol/L or
above 100 nmol/L faced increases in mortality risk by factors of
3.52 and 2.92, respectively.

VD, a fat-soluble nutrient, undergoes transformation in the
bloodstream to 1,25-dihydroxyvitamin D [1,25(OH)2D] through
the action of la-hydroxylase, interacting with the
vitamin D receptor (VDR) to influence gene transcription.
Immunohistochemistry studies indicate a significant presence of
la-hydroxylase and VDR in the dopaminergic neurons of the
substantia nigra (22). VD plays a vital role in neuroprotection by
promoting nerve growth factor production, regulating T-cell
generation, reducing microglial activation, and decreasing the
release of inflammatory factors, which helps in preventing the
degeneration of dopaminergic neurons (23, 24).

Further supporting the importance of 25(OH)D, a Finnish cohort
study reported a 65% reduced risk of developing PD in individuals
with serum levels >50nmol/L compared to those below
25nmol/L. (17) Additionally, there is a correlation between 25(OH)D
levels and PD motor symptoms. As PD progresses, indicated by higher
Hoehn and Yahr stages, serum 25(OH)D levels tend to decrease, and
there is a significant negative correlation with the Unified Parkinson’s
Disease Rating Scale (UPDRS) scores (22, 25). Higher levels of
25(OH)D are also linked to better cognitive and mood outcomes in
PD patients (26).
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Sex 0.247
Male
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>100 3.38 3.38(1.75-6.53) —=— <0.001
Female
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No
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Stroke 0.882
Yes
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ASCVD 0.156
Yes
<50 432 4.32(1.66-11.30) —— 0.003
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No
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FIGURE 5
Subgroup analysis of the association between 25(OH)D and mortality
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Serum 25(OH)D is derived from synthesis in the skin
following sunlight exposure and from absorption through the
gastrointestinal tract. Traditionally, it was believed that reduced
outdoor activity led to insufficient 25(OH)D synthesis in PD
patients. However, recent findings reveal a negative correlation
between 25(OH)D2, primarily absorbed via the gastrointestinal
tract and independent of sunlight, and the incidence of PD. This
indicates that low serum 25(OH)D levels in PD patients may also
stem from gastrointestinal dysfunction, affecting nutrient
absorption (18). These insights suggest potential benefits from
increasing oral VD supplementation in PD patients. Indeed, a
2023 cohort study noted that oral VD comprises 71% of dietary
supplements used by PD patients, yet clinical guidelines for VD
supplementation in this group remain undefined (27).

Previous guidelines on optimal serum 25(OH)D levels have
varied. The Institute of Medicine suggests a level of 50nmol/L
suffices for 97.5% of the population, whereas the American
Geriatrics Society recommends at least 75 nmol/L for older adults
(16, 28).

Numerous studies have discussed appropriate serum 25(OH)D
concentrations for different populations. A meta-analysis of 14
cohort studies has identified a U-shaped relationship between serum
25(OH)D concentrations and total mortality in the general
population, pinpointing 75-87.5nmol/L as the optimal range.
Beyond this, the mortality reduction becomes insignificant (29).
Studies in specific demographics, such as elderly men and
postmenopausal women, have shown that mortality rates escalate
with levels below 46 nmol/L or above 98 nmol/L, and with levels
below a cutoff of 73.89 nmol/L, respectively (30, 31). Our research
uniquely demonstrates that PD patients achieve the highest survival
rates with serum 25(OH)D concentrations between 75-100 nmol/L,
suggesting that levels outside this range could elevate the risk
of mortality.

VD functions to mitigate excitotoxic damage by reducing
cytoplasmic Ca** levels, decreasing nitric oxide synthase production,
and lowering the formation of free radicals and reactive oxygen
species (ROS). It also modulates immune responses by down-
regulating cytokines, including interleukin-2 and tumor necrosis
factor-a (32). Furthermore, increased serum 25(OH)D levels are
linked to longer leukocyte telomere length (LTL), which is associated
with longevity (33). VD enhances the apoptosis inhibitor Bcl-2,
exerting anti-apoptotic effects by inhibiting death receptor-mediated
apoptosis (34). Thus, it may decrease mortality through anti-
inflammatory actions, modulation of LTL, and apoptotic signaling
pathways. In subgroup analyses, age-related differences were
observed concerning serum 25(OH)D levels and mortality risks in
PD patients. Individuals aged <65years with serum 25(OH)D
concentrations below 50nmol/L or above 100nmol/L exhibited
increased mortality risks. Conversely, in those over 65 years, levels
below 75nmol/L were associated with higher mortality, whereas
levels above 100 nmol/L did not significantly impact mortality. These
findings could guide VD supplementation strategies across various
age groups.

This study has several limitations. This study, utilizing
NHANES data, primarily reflects the health status of the American
population, and results may not directly apply to other
demographics. The public nature of the database limits access to
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detailed clinical assessments like UPDRS scores or Hoehn Yahr
grading of PD patients, precluding more detailed analysis across
different PD stages. Moreover, while the study controlled for
known confounders, unidentified interfering factors cannot
be completely ruled out. As an observational study, it does not
establish causality between serum 25(OH)D levels and mortality
in PD patients; thus, further higher-level research is needed to
confirm these observations.

5 Conclusion

Findings from this study suggest that maintaining serum
25(OH)D levels within 75-100 nmol/L optimizes outcomes for PD
patients. Those with levels below this range should consider
increasing their VD intake to reach the recommended levels, while
those above 100nmol/L should adjust to maintain within this
optimal range.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

YY: Writing - review & editing, Writing - original draft. HD: Writing
- review & editing, Supervision, Conceptualization. ZZ: Writing - review
& editing, Data curation, Formal analysis, Validation. YZ: Writing —
original draft, Data curation, Formal analysis, Validation. MG: Writing
- original draft, Investigation, Formal analysis. WL: Writing — original
draft, Resources, Funding acquisition.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fnut.2024.1423651
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Yong et al.

References

1. ZhuJ, Cui Y, Zhang J, Yan R, Su D, Zhao D, et al. Temporal trends in the prevalence
of Parkinson’s disease from 1980 to 2023: a systematic review and meta-analysis. Lancet
Healthy Longev. (2024) 5:¢464-79. doi: 10.1016/S2666-7568(24)00094-1

2. Deliz JR, Tanner CM, Gonzalez-Latapi P. Epidemiology of Parkinson’s disease: an
update. Curr Neurol Neurosci Rep. (2024) 24:163-79. doi: 10.1007/s11910-024-01339-w

3. Novikov NI, Brazhnik ES, Kitchigina VE. Pathological correlates of cognitive
decline in Parkinson’s disease: from molecules to neural networks. Biochemistry. (2023)
88:1890-904. doi: 10.1134/S0006297923110172

4. Ben-Shlomo Y, Darweesh S, Llibre-Guerra ], Marras C, San Luciano M, Tanner C.
The epidemiology of Parkinson’s disease. Lancet. (2024) 403:283-92. doi: 10.1016/
S0140-6736(23)01419-8

5. Ascherio A, Schwarzschild MA. The epidemiology of Parkinson’s disease: risk
factors and prevention. Lancet Neurol. (2016) 15:1257-72. doi: 10.1016/
S1474-4422(16)30230-7

6. Liu R, Guo X, Park Y, Huang X, Sinha R, Freedman ND, et al. Caffeine intake,
smoking, and risk of Parkinson disease in men and women. Am ] Epidemiol. (2012)
175:1200-7. doi: 10.1093/aje/kwr451

7. Xu J, Gong DD, Man CF, Fan Y. Parkinson’s disease and risk of mortality: meta-
analysis and systematic review. Acta Neurol Scand. (2014) 129:71-9. doi: 10.1111/
ane.12201

8. Macleod AD, Taylor KS, Counsell CE. Mortality in Parkinson’s disease: a systematic
review and meta-analysis. Mov Disord. (2014) 29:1615-22. doi: 10.1002/mds.25898

9. Darweesh SKL, Raphael KG, Brundin P, Matthews H, Wyse RK, Chen H, et al.
Parkinson matters. ] Parkinsons Dis. (2018) 8:495-8. doi: 10.3233/JPD-181374

10. Chen S, Yang W, Guo Z, Lv X, Zou Y. Association between serum vitamin D levels
and sensitivity to thyroid hormone indices: a cross-sectional observational study in
NHANES 2007-2012. Front Endocrinol. (2023) 14:1243999. doi: 10.3389/
fendo.2023.1243999

11.Liu L, Xu M, Zhou H, Hao X, Chen X, Liu X. Association of serum
25-hydroxyvitamin D with urinary incontinence in elderly men: evidence based on
NHANES 2007-2014. Front Endocrinol. (2023) 14:1215666. doi: 10.3389/
fendo.2023.1215666

12. Forrest KY, Stuhldreher WL. Prevalence and correlates of vitamin D deficiency in
US adults. Nutr Res. (2011) 31:48-54. doi: 10.1016/j.nutres.2010.12.001

13. Bouillon R, Marcocci C, Carmeliet G, Bikle D, White JH, Dawson-Hughes B, et al.
Skeletal and extraskeletal actions of vitamin D: current evidence and outstanding
questions. Endocr Rev. (2019) 40:1109-51. doi: 10.1210/er.2018-00126

14. Vaughan-Shaw PG, O'Sullivan E, Farrington SM, Theodoratou E, Campbell H,
Dunlop MG, et al. The impact of vitamin D pathway genetic variation and circulating
25-hydroxyvitamin D on cancer outcome: systematic review and meta-analysis. Br J
Cancer. (2017) 116:1092-110. doi: 10.1038/bjc.2017.44

15. Farghali M, Ruga S, Morsanuto V, Uberti F. Can brain health be supported by
vitamin D-based supplements? A critical review. Brain Sci. (2020) 10:660. doi: 10.3390/
brainscil0090660

16. Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, Clinton SK, et al. The
2011 report on dietary reference intakes for calcium and vitamin D from the Institute
of Medicine: what clinicians need to know. ] Clin Endocrinol Metab. (2011) 96:53-8. doi:
10.1210/jc.2010-2704

17. Ross GW, Petrovitch H, Abbott RD. Serum vitamin D and risk of Parkinson’s
disease. Mov Disord. (2016) 31:993-35. doi: 10.1002/mds.26639

Frontiers in Nutrition

12

10.3389/fnut.2024.1423651

18. Wang L, Evatt ML, Maldonado LG, Perry WR, Ritchie JC, Beecham GW, et al.
Vitamin D from different sources is inversely associated with Parkinson disease. Mov
Disord. (2015) 30:560-6. doi: 10.1002/mds.26117

19. Cacabelos R. Parkinson’s disease: from pathogenesis to pharmacogenomics. Int J
Mol Sci. (2017) 18:551. doi: 10.3390/ijms18030551

20.Xu S, Li W, Di Q. Association of dietary patterns with Parkinson’s disease: a cross-
sectional study based on the United States National Health and Nutritional Examination
Survey database. Eur Neurol. (2023) 86:63-72. doi: 10.1159/000527537

21.Zhao J, Li E Wu Q, Cheng Y, Liang G, Wang X, et al. Association between
trichlorophenols and neurodegenerative diseases: a cross-sectional study from NHANES
2003-2010. Chemosphere. (2022) 307:135743. doi: 10.1016/j.chemosphere.2022.135743

22. Suzuki M, Yoshioka M, Hashimoto M, Murakami M, Kawasaki K, Noya M, et al.
25-hydroxyvitamin D, vitamin D receptor gene polymorphisms, and severity of
Parkinson’s disease. Mov Disord. (2012) 27:264-71. doi: 10.1002/mds.24016

23.Xie Y, Chen L, Chen ], Chen Y. Calcitriol restrains microglial M1 polarization and
alleviates dopaminergic degeneration in hemiparkinsonian mice by boosting regulatory
T-cell expansion. Brain Behav. (2024) 14:e3373. doi: 10.1002/brb3.3373

24. Pignolo A, Mastrilli S, Davi C, Arnao V, Aridon P, dos Santos Mendes FA, et al.
Vitamin D and Parkinson’s disease. Nutrients. (2022) 14:1220. doi: 10.3390/nu14061220

25.Ding H, Dhima K, Lockhart KC, Locascio JJ, Hoesing AN, Duong K, et al.
Unrecognized vitamin D3 deficiency is common in Parkinson disease: Harvard
biomarker study. Neurology. (2013) 81:1531-7. doi: 10.1212/WNL.0b013e3182a95818

26. Peterson AL, Murchison C, Zabetian C, Leverenz B, Watson GS, Montine T, et al.
Memory, mood, and vitamin D in persons with Parkinson’s disease. J Parkinsons Dis.
(2013) 3:547-55. doi: 10.3233/JPD-130206

27. Mischley LK, Farahnik J, Mantay L, Punzi J, Szampruch K, Ferguson T, et al.
Parkinson symptom severity and use of nutraceuticals. Nutrients. (2023) 15:802. doi:
10.3390/nu15040802

28. American Geriatrics Society Workgroup on Vitamin D Supplementation for Older
Adults. Recommendations abstracted from the American Geriatrics Society consensus
statement on vitamin D for prevention of falls and their consequences. ] Am Geriatr Soc.
(2014) 62:147-52. doi: 10.1111/jgs.12631

29. Zittermann A, Iodice S, Pilz S, Grant WB, Bagnardi V, Gandini S. Vitamin D
deficiency and mortality risk in the general population: a meta-analysis of prospective
cohort studies. Am J Clin Nutr. (2012) 95:91-100. doi: 10.3945/ajcn.111.014779

30. Michaélsson K, Baron JA, Snellman G, Gedeborg R, Byberg L, Sundstrém J, et al.
Plasma vitamin D and mortality in older men: a community-based prospective cohort
study. Am J Clin Nutr. (2010) 92:841-8. doi: 10.3945/ajcn.2010.29749

31.Shi JW, Wu JN, Zhu XY, Zhou WH, Yang JY, Li MQ. Association of serum
25-hydroxyvitamin D levels with all-cause and cause-specific mortality among
postmenopausal females: results from NHANES. J Transl Med. (2023) 21:629. doi:
10.1186/512967-023-04413-y

32. Berridge MJ. Vitamin D: a custodian of cell signalling stability in health and
disease. Biochem Soc Trans. (2015) 43:349-58. doi: 10.1042/BST20140279

33. Richards JB, Valdes AM, Gardner JP, Paximadas D, Kimura M, Nessa A, et al.
Higher serum vitamin D concentrations are associated with longer leukocyte telomere
length in women. Am J Clin Nutr. (2007) 86:1420-5. doi: 10.1093/ajcn/86.5.1420

34. Zhang X, Li P, Bao ], Nicosia SV, Wang H, Enkemann SA, et al. Suppression of
death receptor-mediated apoptosis by 1,25-dihydroxyvitamin D3 revealed by microarray
analysis. ] Biol Chem. (2005) 280:35458-68. doi: 10.1074/jbc.M506648200

frontiersin.org


https://doi.org/10.3389/fnut.2024.1423651
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/S2666-7568(24)00094-1
https://doi.org/10.1007/s11910-024-01339-w
https://doi.org/10.1134/S0006297923110172
https://doi.org/10.1016/S0140-6736(23)01419-8
https://doi.org/10.1016/S0140-6736(23)01419-8
https://doi.org/10.1016/S1474-4422(16)30230-7
https://doi.org/10.1016/S1474-4422(16)30230-7
https://doi.org/10.1093/aje/kwr451
https://doi.org/10.1111/ane.12201
https://doi.org/10.1111/ane.12201
https://doi.org/10.1002/mds.25898
https://doi.org/10.3233/JPD-181374
https://doi.org/10.3389/fendo.2023.1243999
https://doi.org/10.3389/fendo.2023.1243999
https://doi.org/10.3389/fendo.2023.1215666
https://doi.org/10.3389/fendo.2023.1215666
https://doi.org/10.1016/j.nutres.2010.12.001
https://doi.org/10.1210/er.2018-00126
https://doi.org/10.1038/bjc.2017.44
https://doi.org/10.3390/brainsci10090660
https://doi.org/10.3390/brainsci10090660
https://doi.org/10.1210/jc.2010-2704
https://doi.org/10.1002/mds.26639
https://doi.org/10.1002/mds.26117
https://doi.org/10.3390/ijms18030551
https://doi.org/10.1159/000527537
https://doi.org/10.1016/j.chemosphere.2022.135743
https://doi.org/10.1002/mds.24016
https://doi.org/10.1002/brb3.3373
https://doi.org/10.3390/nu14061220
https://doi.org/10.1212/WNL.0b013e3182a95818
https://doi.org/10.3233/JPD-130206
https://doi.org/10.3390/nu15040802
https://doi.org/10.1111/jgs.12631
https://doi.org/10.3945/ajcn.111.014779
https://doi.org/10.3945/ajcn.2010.29749
https://doi.org/10.1186/s12967-023-04413-y
https://doi.org/10.1042/BST20140279
https://doi.org/10.1093/ajcn/86.5.1420
https://doi.org/10.1074/jbc.M506648200

	Serum 25-hydroxyvitamin D concentrations and their impact on all-cause mortality in Parkinson’s disease: insights from National Health and Nutrition Examination Survey 1999–2020 data
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Diagnosis of PD
	2.3 Measurement of serum 25(OH)D
	2.4 Ascertainment of mortality
	2.5 Assessment of covariates
	2.6 Statistical analysis

	3 Results
	3.1 Participant demographics
	3.2 25(OH)D levels and mortality in PD
	3.3 Subgroup analysis

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions

	References

