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Abstract 

Background: L-DOPA remains the cornerstone of Parkinson’s disease (PD) therapy, yet its long-term metabolic 

consequences are poorly understood. Folate deficiency appears disproportionately frequent in patients with dementia with 

Lewy bodies (DLB), a synuclein Pathy closely related to PD. We hypothesized that folate deficiency is more prevalent in 

DLB than in Alzheimer’s disease (AD) or cognitively normal controls (NC), possibly due to excessive folate consumption 

during L-DOPA metabolism, which may elevate homocysteine levels and increase vascular risk. 

Methods: We conducted a retrospective cross-sectional study comparing serum folate levels among DLB (n = 15), AD 

(n = 73), and NC (n = 7). Deficiency rates for folate, vitamin B12 (B12), and vitamin B1 (B1) were compared using 

Fisher’s exact test. Within DLB, associations) between folate/B12 deficiency and L-DOPA usage were assessed. Scatter 

plots visualized relationships between daily L-DOPA dosage and serum folate or B12 levels. Macrocytosis (MCV >100 

fL) was evaluated as a potential indicator of vitamin depletion. 

Results: Folate deficiency was significantly more prevalent in DLB than in AD or NC (p = 0.0021). Within DLB, folate 

deficiency was more frequent among L-DOPA users (p = 0.0406), while B12 deficiency showed no significant 

association. B12 levels varied widely, with some patients showing elevated concentrations. In contrast, folate levels tended 

to fall below the reference limit in all but one L-DOPA user. MCV was not a reliable indicator of deficiency. 

Conclusion: L-DOPA–treated DLB patients may require individualized monitoring and tailored supplementation to 

mitigate vascular risk. 

Keywords: L-DOPA; parkinson’s disease; dementia; vitamin B12; macrocytosis; homocysteine levels 

Introduction 

PD has emerged as a global health challenge, with its prevalence rising 

sharply in aging populations worldwide. [1,2] Beyond its motor symptoms, 

PD is increasingly recognized for its association with cardiovascular events, 

[3-5] a concern consistently reported across epidemiological studies. [6] 

However, the underlying mechanisms contributing to this elevated 

cardiovascular risk remain poorly understood. In our daily clinical practice, 

we have repeatedly observed that patients with DLB—a subtype of synuclein 

Pathy [7,8] closely related to PD—frequently present with folate deficiency. 

DLB, PD, and MSA are collectively referred to as synucleinopathies, 

characterized by pathological accumulation of alpha-synuclein in neurons or 

glial cells [8]. 

In our clinical experience, folate deficiency in DLB is not an occasional 

finding but a recurring pattern. This observation raised a critical clinical 

question: Is folate deficiency statistically more prevalent in DLB patients 

compared to those with AD or NC? If so, what pathophysiological 

mechanisms might explain this discrepancy? To address this question, we 

conducted a comparative study across three groups—DLB, AD, and NC—

focusing on serum folate levels and their potential association with 

macrocytosis and cardiovascular vulnerability. Our aim was to clarify 

whether folate deficiency is disproportionately represented in DLB and to 

explore its implications for vascular risk in neurodegenerative disease. 

Materials and methods 

The Institutional Review Board of the Yowa Hospital approved this study. 

The requirement for informed consent was waived because of the 

anonymous nature of the data. 

Study design and Setting 

This observational study employed a retrospective cross-sectional design to 

analyze data from 133 consecutive patients who visited the memory clinic at 

Yowa Hospital between November 2020 and August 2025. 
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Participants 

Of the 133 patients who presented with memory complaints, 32 were 

diagnosed with conditions other than AD, DLB, or NC, and were excluded 

from the analysis. Among the remaining 101 patients, 6 AD cases lacked 

serum folate measurements and were excluded. These exclusions were 

deemed unlikely to affect the overall results. Consequently, 95 patients were 

included in the final analysis: 73 with AD, 15 with DLB, and 7 with NC (Fig. 

1). 

Variables and endpoints 

All patients were personally evaluated by the author through clinical 

interviews, physical and neuropsychological examinations. Dementia was 

diagnosed according to According to the Diagnostic and Statistical Manual 

of Mental Disorders, Fifth Edition (DSM-5) criteria, and DLB was classified 

based on the consensus criteria proposed by McKeith et al. [9] The diagnostic 

process incorporated clinical symptoms, cognitive assessments, imaging 

findings, and laboratory results. 

Variables 

Baseline variables included age, sex, years of education, Mini-Mental State 

Examination (MMSE) [10] score including the pentagon copying test (PCT). 

[11] The PCT, the final item of the MMSE, assesses visuospatial 

construction and has been independently studied as a sensitive marker for 

dementia subtypes. 

And laboratory parameters: serum albumin, hemoglobin, red blood cell 

count, hematocrit, mean corpuscular volume (MCV), C-reactive protein 

(CRP), chronic kidney disease (CKD) status, serum iron, ferritin, and serum 

concentrations of B1, B12, and folate. 

Data sources/measurement 

Age and years of education were obtained from medical records and patient 

interviews. Cognitive function was assessed using the MMSE, scored out of 

30 points. A cut-off score of 24 is commonly used in previous studies to 

indicate cognitive impairment. 

Laboratory parameters were measured using standardized automated assays 

at the hospital’s central laboratory. Continuous variables included serum 

albumin (g/dL), hemoglobin (Hb, g/dL), hematocrit (Ht, %), mean 

corpuscular volume (MCV, fL), hemoglobin A1c (HbA1c, NGSP, %), 

triglycerides (TG, mg/dL), low-density lipoprotein cholesterol (LDL-C, 

mg/dL), high-density lipoprotein cholesterol (HDL-C, mg/dL), and red 

blood cell count (RBC, ×10 /μL). 

Categorical variables included sex and dichotomized laboratory values. 

MCV was categorized as ≤100.0 fL or >100.0 fL. CRP was considered 

negative if ≤0.3 mg/dL and positive if >0.3 mg/dL. CKD status was defined 

based on serum creatinine levels: ≥1.08 mg/dL for males and ≥0.80 mg/dL 

for females were considered positive; values below these thresholds were 

considered negative. 

Vitamin deficiency rates were defined as follows: B1 deficiency was defined 

as serum B1 <2.6 μg/dL; B12 deficiency as serum B12 <180 pg/mL; and 

folate deficiency as serum folate <4.0 ng/mL. Deficiency rates were 

calculated as the proportion of deficient individuals within each diagnostic 

group: AD, DLB, and NC. 

Bias 

For the MCV regression model—a secondary analysis not central to the 

study’s primary hypothesis—covariates were selected based on clinical 

plausibility and prior literature. To avoid overfitting, the number of 

predictors was limited in accordance with sample size considerations. While 

the conventional rule recommends one predictor per 15 cases, recent 

literature supports a more permissive threshold of one per 10 cases in 

exploratory clinical models. Variance inflation factors (VIFs) for all 

predictors were below 2.0, indicating minimal multicollinearity and stable 

model estimates. 

Study size 

Sample size estimation using EZR (Ver.1.68), a free statistical software 

program with extended functions of R and R commander [12], indicated that 

28 participants per group would be required to detect a difference in folate 

deficiency rates between the AD and DLB groups (5.5% vs. 40%) with 80% 

power and a two-sided alpha of 0.05. Although the DLB group included only 

15 participants, a statistically significant difference was still observed (p= 

0.0021). Post hoc power analysis using G*Power 3.1.9.7 [13] confirmed that 

the achieved statistical power was 0.893, indicating sufficient sensitivity to 

detect a meaningful difference. 

Endpoints and Statistical Analysis 

The primary endpoints were the presence or absence of B1, B12, and folate 

deficiencies across the three diagnostic groups: AD, DLB, and NC. Group 

comparisons were performed using Fisher’s exact test. Following this, a 

subgroup analysis was planned within the DLB cohort (n = 15), stratifying 

patients by L-DOPA usage. The presence of folate deficiency was compared 

between users and non-users using Fisher’s exact test. 

To explore the relationship between L-DOPA dosage and vitamin status, 

scatter plots were generated within the DLB group to visualize associations 

between daily L-DOPA dose and serum concentrations of B12 and folate. 

Among all 95 participants, the association between MCV and the presence 

of B12 or folate deficiency was evaluated using the independent samples t-

test, as MCV values were confirmed to follow a normal distribution based 

on normality testing. 

To identify predictors of MCV, multiple linear regression analysis was 

performed using MCV as the dependent variable and the following 

independent variables: serum albumin, B12 deficiency status, folate 

deficiency status, CRP positivity, CKD status, serum iron, and ferritin, Age. 

Missing values for serum iron and ferritin (20 and 16 cases, respectively) 

were addressed using complete case analysis (CCA), resulting in a regression 

model based on 72 cases. Multiple imputation (MI) was considered but 

ultimately not adopted, as the inclusion of iron-related variables was deemed 

to dilute the study’s primary focus on vitamin-related predictors. 

The phased expansion of laboratory testing at our memory clinic accounted 

for the missing values in serum iron and ferritin. These parameters were not 

included in routine assessments during the first year of the clinic’s operation 

(from November 2020), and were gradually incorporated based on literature 

review and clinical relevance. 

Ethical Considerations 

All clinical procedures, including computed tomography (CT) imaging and 

blood sampling, were conducted as part of routine outpatient care. The use 

of these data for research purposes adhered to the ethical guidelines of Yowa 

Hospital. The study was approved by the hospital’s Ethics Committee 

(Approval No. 2020-02) and conducted in accordance with the Declaration 

of Helsinki (2013 revision). 

Results 

Participant Characteristics 

Baseline characteristics are presented in Table 1. 

No significant differences were observed in age, sex, albumin, or Hb levels 

across groups. 

Years of education were significantly lower in the DLB group (p = 0.032). 

MMSE scores were significantly reduced in AD and DLB compared to NC 

(p = 0.001), and pentagon copying failure was more frequent in DLB than 

AD (p = 0.025). 

Vitamin Deficiency 

Folate deficiency was observed in 40.0% of DLB patients, significantly 

higher than in AD (5.5%) and NC (0.0%) (p = 0.0021). No significant 

differences were found in B1 (p = 1.0) or B12 deficiency rates (p = 0.51). 

These associations are summarized in Table 2. 
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L-DOPA and Folate Status 

Among patients with DLB, folate deficiency was significantly more frequent 

in those receiving L-DOPA (5/7) compared to those not receiving L-DOPA 

(1/8) (p = 0.0406). No significant association was found between L-DOPA 

use and B12 deficiency (p = 1.0). These findings are summarized in Table 3. 

Figure. 2 illustrates these relationships, showing scatter plots of daily L-

DOPA dosage and serum folate (A) and B12 (B) concentrations. 

Folate concentrations were predominantly below reference thresholds in L-

DOPA users, while B12 levels remained within normal limits regardless of 

dosage. Although each scatter plot represents data from 15 patients, only 14 

dots are visually distinguishable in each figure due to overlapping values. In 

the B12 plot, two patients had similar serum levels (245 and 247 pg/ml), 

resulting in near-complete overlap. In the folate plot, two patients shared an 

identical value of 3.5 ng/ml, leading to complete dot overlap. 

MCV 

MCV did not differ significantly between participants with and without B12 

deficiency (92.2 fL (5.7) vs. 93.4 fL (4.0), p = 0.31) or between those with 

and without folate deficiency (92.1 fL (4.1) vs. 93.3 Fl (4.4), p = 0.41), as 

determined by independent samples t-tests. 

Only 6 out of 95 participants (6.3%) had an MCV greater than 100 fL, 

indicating that macrocytosis was rare across the cohort. [15] 

These comparisons are illustrated in Figure. 3. 

Predictors of MCV 

Multiple linear regression analysis was performed using complete case data 

(n = 72) to identify predictors of MCV. Among the eight variables tested, 

serum iron (unstandardized coefficient = 0.050, 95% CI: 0.009–0.091, p = 

0.018) and CRP positivity (unstandardized coefficient = 2.91, 95% CI: 

0.017–5.80, p = 0.049) were significantly associated with MCV. 

In contrast, folate deficiency (p = 0.24) and B12 deficiency (p = 0.75) were 

not significantly associated with MCV variation. These findings suggest that 

macrocytic changes in this cohort were more closely linked to iron 

metabolism and inflammatory status than to vitamin deficiency. A summary 

of the regression coefficients and confidence intervals is presented in Figure. 

4. 

 
Figure 1: Flowchart of patient selection at Yowa Hospital memory clinic between November 2020 and August 2025. Of 133 initial patients, 95 

were included in the final analysis after excluding those with missing folate data and non-target diagnoses. 

 
Figure 2: Scatter plots of daily L-DOPA dosage and serum vitamin concentrations in 15 patients with dementia with Lewy bodies (DLB). 

(A)Serum folate levels show a dose-dependent decline with increasing L-DOPA dosage, suggesting metabolic depletion. 

(B)Serum vitamin B12 levels remain scattered and unaffected by dosage, indicating no dose-dependent association. 
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Figure 3: Comparison of mean corpuscular volume (MCV) between vitamin-deficient and non-deficient groups among 95 participants (AD: 

73, DLB: 15, NC: 7). 

(A) MCV values in vitamin B12-deficient vs. B12-normal groups: 92.2 fL (5.7) vs. 93.4 fL (4.0), p = 0.31. 

(B) MCV values in folate-deficient vs. folate-normal groups: 92.1 fL (4.1) vs. 93.3 fL (4.4), p = 0.41. 

Group comparisons were performed using independent samples t-tests, following confirmation of normality. No statistically significant differences 

were observed, indicating that MCV was not a reliable indicator of vitamin deficiency in this cohort. 

 
Figure 4: Results of multiple linear regression analysis examining predictors of mean corpuscular volume (MCV) in a complete case cohort (n 

= 72). Eight independent variables were tested: serum albumin, chronic kidney disease (CKD) status, C-reactive protein (CRP) positivity, 

serum ferritin, serum iron, age, and deficiency status of vitamin B12 and folate. Serum iron (unstandardized coefficient = 0.050, 95% CI: 

0.009–0.091, p = 0.018) and CRP positivity (unstandardized coefficient = 2.91, 95% CI: 0.017–5.80, p = 0.049) were significantly associated with 

MCV. No significant associations were observed for albumin, CKD, ferritin, age, or vitamin deficiency status. 
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Table 1: Baseline characteristics of study participants by diagnostic group. 

The cohort included 73 patients with Alzheimer’s disease (AD), 15 with 

dementia with Lewy bodies (DLB), and 7 cognitively normal controls. 

Variables are presented as mean (SD), median (IQR), or percentage, as 

appropriate. 

Subgroup comparisons by sex are also shown for hematological, metabolic, 

and cognitive parameters. 

Abbreviations: RBC = red blood cell count; Ht = hematocrit; MCV = mean 

corpuscular volume; CRP = C-reactive protein; CKD = chronic kidney 

disease; VB12 = vitamin B12; HbA1c = hemoglobin A1c; MMSE = Mini-

Mental State Examination; LDL-C = low-density lipoprotein cholesterol; 

TG = triglycerides; HDL-C = high-density lipoprotein cholesterol. 

 

Table 2: Frequency of vitamin deficiency across diagnostic groups (Alzheimer’s disease [AD], dementia with Lewy bodies [DLB], and 

cognitively normal controls [NC]). 

Deficiency status for vitamin B1, vitamin B12, and folate was compared 

using Fisher’s exact test. Folate deficiency was significantly more frequent  

in the DLB group (p = 0.0021), while no significant differences were 

observed for vitamin B1 (p = 1.0) or vitamin B12 (p = 0.51). Deficiency 

was defined according to laboratory reference ranges. *p < 0.05. 
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Table 3: Association between L-DOPA use and folate or vitamin B12 deficiency in patients with dementia with Lewy bodies (DLB, n = 15). 

Deficiency status was compared between L-DOPA users and non-users 

using Fisher’s exact test. Folate deficiency was significantly more frequent 

among L-DOPA users (p = 0.0406), while no significant association was 

found for vitamin B12 deficiency (p = 1.0). 

Deficiency was defined according to laboratory reference ranges. *p < 

0.05. 

Discussion 

We conducted an observational retrospective cross-sectional study involving 

95 patients (AD: n=73, DLB: n=15, NC: n=7). The key findings were as 

follows: (1) Folate deficiency was significantly more prevalent in the DLB 

group (40.0%) compared to AD (5.5%) and NC (0.0%). (2) Within the DLB 

cohort, folate deficiency was more frequent among patients receiving L-

DOPA, whereas no association was found with B12 deficiency. (3) 

Scatterplot analysis revealed a dose-dependent decline in serum folate levels 

with increasing daily L-DOPA dosage, while B12 levels remained scattered 

and unaffected. (4) MCV failed to serve as a reliable indicator of either folate 

or B12 deficiency [14,15]. 

Previous studies have consistently reported elevated rates of ischemic heart 

disease and stroke among patients with parkinsonism (including PD and 

DLB). A 20-year prospective cohort study further confirmed these findings, 

demonstrating significantly higher vascular risk compared to age-matched 

cognitively normal controls. [17] 

However, recent reviews have largely emphasized autonomic dysfunction as 

a primary mechanism, leaving the vascular pathogenesis unresolved. [3,17] 

Our findings suggest that folate—not B12—may be preferentially depleted 

in L-DOPA-treated patients, potentially contributing to vascular 

vulnerability. This hypothesis is supported by Clarke’s 2000 report, [6] 

which demonstrated a rise in standardized mortality rates among PD patients 

in Wales beginning around 1980—approximately a decade after the 

widespread adoption of L-DOPA therapy. Given that homocysteine, a pro-

atherogenic metabolite of L-DOPA metabolism, requires folate [17] and B12 

for detoxification, chronic folate depletion may plausibly accelerate vascular 

pathology over time [18]. 

Unexpectedly, multiple regression analysis revealed no significant 

association between MCV and either folate or B12 deficiency. [14,15] 

Instead, CRP positivity and serum iron levels emerged as independent 

predictors of MCV variation. These findings underscore the limited utility of 

MCV in detecting vitamin deficiency in PD/DLB patients and highlight the 

need for direct measurement of serum folate and B12. While optimal testing 

intervals remain to be determined, we encourage clinicians worldwide to 

validate and replicate these observations. Given the established role of 

homocysteine in vascular disease, we believe that daily supplementation 

with folate and B12 may offer a pragmatic and ethically sound strategy to 

mitigate cardiovascular risk in L-DOPA-treated patients. [19] 

Limitations 

This study has several limitations. 

First, homocysteine—a key biomarker in folate metabolism and vascular 

risk—was not measured. Although clinically relevant, homocysteine testing 

is not routinely performed at our institution due to reimbursement 

constraints. In the current healthcare climate in Japan, where hospital 

management faces increasing financial scrutiny, certain laboratory tests—

particularly outsourced ones—are selectively ordered to avoid potential 

insurance audits. As homocysteine testing may be subject to such scrutiny, 

it was excluded from our protocol. 

Second, serum iron and ferritin values were missing in a subset of patients 

due to the phased expansion of laboratory testing at our memory clinic. These 

parameters were not included in routine assessments during the clinic’s first 

year of operation. We employed CCA for regression modeling, focusing on 

a single model to examine predictors of MCV. 

Third, the sample size of the DLB group was relatively small. However, the 

observed difference in folate deficiency rates between DLB and AD groups 

reached statistical significance, and post hoc power analysis confirmed 

adequate sensitivity to detect meaningful effects. Lastly, as a cross-sectional 

study, causal relationships cannot be inferred. Longitudinal studies 

incorporating homocysteine measurements and larger DLB cohorts are 

warranted to further elucidate the mechanistic link between L-DOPA 

metabolism, folate depletion, and cardiovascular risk. 

In conclusion, this study demonstrates that folate deficiency is significantly 

more prevalent in patients with DLB than in those with AD or cognitively 

normal controls. Within the DLB cohort, folate deficiency was strongly 

associated with L-DOPA usage, and serum folate levels declined in a dose-

dependent manner with increasing daily L-DOPA dosage. In contrast, B12 

levels remained unaffected, suggesting a selective metabolic vulnerability of 

folate in this population. 
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