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This study aimed to investigate the influence of serum folate, vitamin B12 (VitB12)
levels, and inflammation-based scores on the motor performance status in Parkinson’s
disease (PD). We retrospectively collected data from 148 consecutive patients with
idiopathic PD first admitted to our hospital. We measured whole blood count, aloumin,
lactate dehydrogenase, C-reactive protein, folate, and VitB12 levels and calculated
the inflammation-based scores. The following scales were applied to assess the
motor performance status: activity of daily living scale (ADL, the Barthel Index), the
Unified Parkinson’s Disease Rating Scale Part Il (UPDRS-Il), and Hoehn-Yahr (H-
Y) classification. The geometric mean of folate and VitB12 levels were 11.87 (ng/ml)
and 330.52 (pmol/L), respectively. Folate deficiency (serum level < 4.0ng/ml) and
VitB12 deficiency (serum level < 133 pg/ml) were present in 0.7 and 5.4% of the
patients, respectively. The mean prognostic nutritional index (PNI) and systemic immune-
inflammation index (Sll) were 47.78 + 4.42 and 470.81 £ 254.05, respectively. The
multivariate analyses showed that serum VitB12 level (P = 0.002) and SlI (P = 0.005)
were significant factors for ADL score; serum folate (P = 0.027) and VitB12 (P = 0.037)
levels for UPDRS-IIl score; and serum folate (P = 0.066) and VitB12 (P = 0.017) levels for
H-Y classification. The elevated folate level did correlate with greater decline in UPDRS-
Il score (P = 0.023) and H-Y classification (P = 0.003), whereas there was an obvious
increase in ADL score (P = 0.048). Sll was negatively associated (P < 0.001) with the
ADL score. The three-dimensional drawing, combined with the effect of folate and VitB12
levels, showed that the lowest level of folate was associated with the lowest ADL score
and the highest UPDRS-IIl score and H-Y classification. This study indicates that serum
folate, VitB12 levels, and Sll are significant factors influencing the motor performance
status in patients with PD. SlI is negatively associated with ADL. Elevated serum folate
level correlates with mild motor impairment in patients with PD.
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INTRODUCTION

Parkinson’s disease (PD) is the second most common
neurodegenerative disorder, with ~700,000 predicted cases in
the United States from 2000 to 2040 (1). The main pathological
features of PD are the loss of dopamine (DA)-ergic neurons
in the substantia nigra (SN) and the presence of Lewy bodies
(LBs), which are composed mainly of alpha-synuclein (2).
Previous studies have demonstrated that protein misfolding and
aggregation, disruption of autophagic catabolism, mitochondrial
dysfunction, and loss of calcium homeostasis are the critical
factors leading to the death of SN DAergic neurons (3).

The cell-autonomous mechanisms of neurodegeneration,
which arise from an interaction between genetic and
environmental risk factors, play an important role in the
development of PD (4, 5). However, the pathological progression
of PD involves several non-cell-autonomous mechanisms that
facilitate further degeneration. Principal among these non-
cell-autonomous factors is neuroinflammation, which involves
a series of immune-mediated cascades that are triggered by
the loss of DAergic neurons (4, 5). In vivo experiments have
revealed that glial cells, particularly microglia, can adopt a pro-
inflammatory phenotype that is associated with the release of
cytotoxic molecules, which lead to enhanced neurodegeneration
(4). Our previous study indicated that macrophage migration
inhibitory factor (MIF) mediated neuroprotective effects via
suppressing inflammatory responses in PD. These findings might
demonstrate a causal link between neuroinflammation and PD
pathogenesis (6).

The blood-brain barrier was once thought to inhibit the
entry of inflammatory cells and mediators from the peripheral
circulation, but increasing evidence suggests that the blood-
brain barrier is affected due to pathological conditions (7, 8).
Therefore, the status of systemic inflammation can partially
reflect the progress and prognosis of PD. Many inflammation-
based prognostic scores were developed on the basis of systemic
inflammatory responses, such as the Glasgow Prognostic Score
(GPS) and modified Glasgow Prognostic Score (mGPS), both
evaluated by combining serum C-reactive protein (CRP) and
albumin (ALB) levels; Prognostic Nutritional Index (PNI),
measured by the ALB level; and the lymphocyte count
measured by neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio
(LMR); and the SII, calculated by the neutrophil, lymphocyte, and
platelet counts. These scores have shown the prognostic value in
several types of cancer (9-11) and immune-inflammation-related
diseases (12).

Folate is particularly critical during the early development
of the brain and is essential for the maintenance of normal
brain function during the later stages of development. Folate
and vitamin B12 (VitB12) are required for the methionine
synthase reaction in which a methyl group is transferred
from methyltetrahydrofolate (methyl-H4-folate; also known as
levomefolic acid) to homocysteine by methionine synthase, with
methyl-VitB12 as a coenzyme to form methionine. The resulting
H4-folate can then be returned to the folate pool and can be
made available for the generation of methylene-H4-folate, the

form required for de novo synthesis of thymidine, which is
essential for DNA replication and repair. Hence, either folate
or B12 deficiency results in the same biochemical perturbation
in thymidine synthesis and DNA replication (13). Folate and
VitB12 deficiency results in an increase in blood and intracellular
levels of homocysteine. Homocysteine is readily and partly
reversibly transformed into other compounds, termed as “total
homocysteine (tHcy).” Folate deficiency and tHcy impair DNA
repair in hippocampal neurons and sensitize them to oxidative
damage (14). Low serum VitB12 level was associated with an
accelerated rate of white matter damage and brain atrophy (15—
17). A prospective study that included 5,289 participants with a
mean follow-up of 9.7 years failed to identify any relationship
between VitB12 level and the risk of development of PD (18).
Conversely, a large cohort collected from participants with a
double-blind, randomized trial of PD (DATATOP) showed that
low VitB12 levels at baseline predicted greater worsening of
mobility, meanwhile elevated tHcy predicted greater cognitive
decline (19).

There might be an indirect regulation between folate/VitB12
and the inflammatory cells and mediators. Previous studies
suggested that cobalamin (VitB12) conversely decreased the
expression of neurotrophic epidermal growth factor (EGF) and
increased the expression of neurotoxic tumor necrosis factor-
alpha (TNF-alpha) both in serum and cerebrospinal fluid (CSF)
(20, 21). The increase in TNF-alpha and NGF levels increased the
nuclear factor-kappa B activity levels and indirectly modulated
the expression of some neuroinflammatory cytokines (13).

This study aimed to investigate the influence of serum folate,
VitB12 levels, and inflammation-based scores on the motor
performance status in patients with PD.

MATERIALS AND METHODS

Ethical Statement

This study was performed with the approval of the Ethics
Committee of the Third Affiliated Hospital of Guangzhou
Medical University and the Ethics Committee of Guangdong
Provincial People’s Hospital (No. 2021-006). Informed consent
was obtained from all patients. This study has been conducted
according to the principles expressed in the Declaration of
Helsinki. All the collected data were stored according to the
ethical guidelines of medical research.

Study Participants

We retrospectively collected data from 148 consecutive patients
with idiopathic PD admitted to our hospital for the first
time from January 2018 to June 2020 so that data could be
collected before dopaminergic medication. Diagnosis of PD was
evaluated by two experienced neurologists, strictly according to
the United Kingdom Parkinson’s Disease Society Brain Bank
Clinical Diagnostic Criteria. Exclusion criteria were as follows:
PD induced by chemical drugs, trauma, cerebrovascular disease,
inflammatory bowel disease, and other reasons; patients with
PD complicated with nephropathy, tumor, myocardial infarction,
stroke, and recent infection or surgery; patients with PD
complicated with non-neurodegenerative (Alzheimer’s disease
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TABLE 1 | Definition of the systemic inflammation-based scores.

Scoring systems Score
Glasgow Prognostic Score
(GPS)
CRP (<10 mg/L) and ALB 0
(=85g/L)
CRP (<10 mg/L) and ALB 1
(<35 g/L)
CRP (=10 mg/L) and ALB 1
(=359/L)
CRP (>10 mg/L) and ALB 2
(<35 g/L)
Modified Glasgow
Prognostic Score (MGPS)
CRP (<10 mg/L) and ALB 0
(=359/L)
CRP (<10 mg/L) and ALB 0
(<35 g/L)
CRP (>10 mg/L) 1
CRP (>10 mg/L) and ALB 2
(<35 g/L)
Prognostic Nutritional Index ALB (g/L) 4+ 5 x lymphocyte count
(PNI) (x10°/L)

Neutrophil to lymphocyte Neutrophil count (x10%/L):

ratio (NLR) lymphocyte count (x109/L)
Platelet to lymphocyte ratio Platelet count (x10°/L): lymphocyte
(PLR) count (x10%/L)
Lymphocyte to monocyte Lymphocyte count (x 10%/L):
ratio (LMR) monocyte count (x10%/L)
Systemic Platelet count (x 109/L) x neutrophil
Immune-inflammation Index count (x 10%/L)/lymphocyte count
(Sl (x10%/L)

CRR, C-reactive protein; ALB, albumin.

or cognitive impairments) nervous system disease; and patients
with missing outcome assessment medical record were excluded.
We collected data on patient characteristics, such as education
status, smoking, alcohol consumption, diabetes mellitus, ABO
blood type, PD duration, whole blood count, ALB, total bilirubin
(TBIL), alanine transaminase (ALT), creatinine (Cr), uric acid
(UA), lactate dehydrogenase (LDH), CRP, prothrombin time
(PT), D-dimmer (D-D), fibrinogen, folate, and VitB12 levels.
Serum folate level < 4.0 ng/mL and VitB12 level < 133.0 pg/mL
were considered as deficient. The outcome assessment or PD
performance status was assessed by the activity of daily living
scale (ADL), the Unified Parkinson’s Disease Rating Scale Part
IIT (UPDRS-III), and the Hoehn-Yahr (H-Y) classification.
We used the Barthel Index (BI) to measure the basic ADL
function (self-maintenance skills, such as dressing, bathing, and
grooming) of patients with PD. The BI consists of 10 items and
is predominantly used with the patient population (22). The
UPDRS-I1I is the most frequently used scale in the clinical motor
examination of PD. Part of the UPDRS-III scores was extracted
from the levodopa challenge test before taking Madopar. The test
is widely used to assess motor symptom alleviation in unifying
the drug administration (23). H-Y classification was commonly

TABLE 2A | Demographic and clinical characteristics of the enrolled patients (n =
148).

Variables Values (n = 148)

Gender (Female/Male) 56/92 (37.84/62.16)
63.79 £ 11.07

6/26/44/31/39/2
(4.05/17.57/29.73/20.95/26.35/1.35)

10/138 (6.76/93.24)
3/145 (2.03/97.97)
16/132 (10.81/89.19)

Age (years), mean + SD
Education status (0/1/2/3/4/5)

Smoking (Yes/No)
Alcohol consumption (Yes/No)
Diabetes mellitus (Yes/No)

ABO blood type (A/B/AB/O) 34/40/18/56
(22.97/27.03/12.16/37.84)
PD duration (months), mean & SD 58.89 £+ 51.23
WBC (10%/L), mean 4+ SD 6.08 + 1.55
HGB (g/L), mean + SD 132.99 + 15.64
Neutrophil (10%/L), mean + SD 3.62+£1.25
Lymphocyte (10%/L), mean + SD 1.80 £ 0.49
Monocyte (10%/L), mean + SD 0.47 +£0.17
PLT (10°/L), mean + SD 218.51 + 63.00
ALB (g/L), mean + SD 39.45 + 3.59
TBIL (wmol/L), mean + SD 13.68 + 5.68
ALT (U/L), mean &+ SD 17.17 £10.70
Cr (wmol/L), mean + SD 71.25 £16.60

UA (umol/L), mean + SD
LDH (U/L), mean + SD

324.01 £ 95.50
196.18 £ 129.33

CRP (mg/L), mean + SD 273+ 4.74
PT (s), mean + SD 13.59 + 0.94
D-dimmer (ng/ml), mean + SD 559.53 + 589.94
Fibrinogen (g/L), mean + SD 3.28 £1.27
Folate (ng/ml), mean + SD 11.87 + 5.36
VitB12 (pmol/L), mean + SD 330.52 + 197.10
UA/Cr, mean + SD 4.72 +£1.50

GPS (0/1/2) 131/15/2 (88.51/10.14//1.35)
mGPS (0/1/2) 136/10/2 (91.89/6.76/1.35)
PNI, mean + SD 47.78 + 4.42

NLR, mean + SD 212 4+£0.87

PLR, mean + SD 128.48 £ 52.10

LMR, mean 4+ SD 416 +1.30

SlI, mean + SD 470.81 + 254.05

Values are presented as the mean + SD or n (%,).

PD, Parkinson'’s disease; WBC, white blood cell; HGB, hemoglobin; PLT, platelet; ALB,
albumin; TBIL, total bilirubin;, ALT, alanine transaminase; Cr, creatinine; UA, uric acid;
LDH, lactate dehydrogenase; CRR, C-reactive protein; PT, prothrombin time; VitB12,
vitamin B12; GPS, Glasgow Prognostic Score; mGPS, modified Glasgow Prognostic
Score; PNI, prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; PLr,
platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; SlI, systemic immune-
inflammation index.

used to assess the severity and the stage of motor performance in
patients with PD.

Inflammation-Based Prognostic Scores

Blood samples with routine laboratory measurements of CRP
and ALB levels and white blood cell, neutrophil, lymphocyte,
monocyte, and platelet counts were obtained at the time of
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TABLE 2B | Disease duration, ADL scores, and UPDRS-IIl scores according to H-Y classification in PD patients (n = 148).

H-Y classification Early stage Medium stage Advanced stage Pearson correlation P
Cases 78 50 20

PD duration (months) 34.55 + 32.82 76.02 + 45.36 110.95 £+ 67.64 <0.001

ADL scores 97.92 + 4.28 82.50 + 19.93 61.75 £ 21.72 <0.001
UPDRS-IIl scores 29.88 + 11.88 51.40 + 8.68 68.75 £ 4.24 <0.001

PD, Parkinson’s disease; ADL, activity of daily living scale; UPDRS-II, the Unified Parkinson’s Disease Rating Scale Part Ill; H-Y classification, Hoehn-Yahr classification.

recurrence. The GPS, mGPS, PNI, NLR, PLR, LMR, and SII
scores were calculated and constructed as described in Table 1.

Statistical Analysis

Continuous data were recorded as mean £ SD. Incidence
of nominal variables was reported as the number of cases
(percentage). Analysis of variance (ANOVA) and the Chi-
square test were used to compare continuous and categorical
variables normally distributed, respectively, and non-parametric
tests were used for non-normally distributed variables. Variables
that achieved statistical significance in the univariate analysis
were introduced into the multivariate regression analyses, linear
regression analyses for ADL score and UPDRS-III score, and
logistic regression analyses for H-Y classification. The crude
correlation between independent variables and outcomes was
reported in scatter-plot figures. Independent variables were also
classified in tertiles to study their combined association with
outcomes. SPSS v.23.0 statistical software (SPSS, Inc., Chicago,
IL, United States) was used for statistical analysis. P < 0.05 was
considered as a statistically significant difference.

RESULTS

Patient Characteristics

Table 2A shows the demographics and clinical characteristics
(including the inflammation-based scores) of the enrolled
patients. A total of 148 patients were included in this study.
The total population consisted of 56 (37.84%) males and 92
(62.16%) females with a mean age of 63.79 years. The mean
interval from the onset of PD-related symptoms to seeking
medical care in our hospital was 58.89 months. The geometric
mean of WBC, ALB, LDH, CRP, folate, and VitB12 levels were
6.08 (10°/L), 39.45 (g/L), 196.18 (U/L), 2.73 (mg/L), 11.87
(ng/mL), and 330.52 (pmol/L), respectively. Folate deficiency
(serum level < 4.0ng/mL) and VitB12 deficiency (serum level
< 133 pg/mL) were present in 0.7% and 5.4% of the patients,
respectively. Thus, further analysis of folate and VitB12 levels
were stratified to tertiles. The mean PNI, NLR, PLR, LMR, and
SII were 47.78 + 4.42, 2.12 + 0.87, 128.48 £ 52.10, 4.16 £
1.30, and 470.81 £ 254.05, respectively. Patients were divided
into three groups according to the H-Y classification: early
stage (1-2 classification), medium stage (2.5-3 classification), and
advanced stage (4-5 classification). Table 2B showed that H-
Y classification was highly correlated with PD duration, ADL
scores, and UPDRS-III scores.

Univariate and Multivariate Regression

Analyses

The univariate analysis identified that age, diabetes mellitus,
PD duration, HGB, lymphocyte, ALB, ALT, CRP, D-D, FIB,
folate, VitB12 levels, PNI, NLR, PLR, LMR, and SII were
significant factors associated with the ADL score. After the
multivariate linear regression analyses, we found that only
diabetes mellitus (HR = —11.995; 95% CI = —20.260-3.731;
P = 0.005), PD duration (HR = —0.113; 95% CI = —0.166—
0.060; P < 0.001), VitB12 level (HR = —0.021; 95% CI =
—0.034-0.008; P = 0.002), NLR (HR = —9.370; 95% CI =
—0.226-18.513; P = 0.045), and SII (HR = —0.059; 95% CI
= —0.100-0.018; P = 0.005) were significant factors for ADL
scores (Table 3).

The univariate analysis identified that age, PD duration, B
blood type, lymphocyte, TBIL, CRP, D-D, folate, VitB12 levels,
PNI, and NLR were significant factors associated with UPDRS-III
score. After the multivariate linear regression analyses, we found
that only age (HR = 0.348; 95% CI = 0.096-0.601; P = 0.007),
PD duration (HR = 0.124; 95% CI = 0.075-0.174; P < 0.001),
folate level (HR = —0.519; 95% CI = —0.979-0.060; P = 0.027),
and VitB12 level (HR = 0.013; 95% CI = 0.01-0.026; P = 0.037)
were significant factors for UPDRS-III scores (Table 4).

The univariate analysis identified that age, PD duration, B
blood type, lymphocyte, TBIL, CRP, folate, VitB12 levels, PNI,
NLR, and LMR were significant factors associated with H-Y
classification. After the multivariate logistic regression analyses,
we found that only age (HR = 0.049; 95% CI = 0.018-0.080;
P = 0.002), PD duration (HR = 0.019; 95% CI = 0.013-0.026;
P < 0.001), TBIL (HR = —0.065; 95% CI = —0.123-0.007;
P = 0.029), folate level (HR = —0.055; 95% CI = —0.113—
0.004; P = 0.066), and VitB12 level (HR = 0.002; 95% CI
= 0.000-0.004; P = 0.017) were significant factors for H-Y
classification (Table 5).

Changes of Outcomes According to

Tertiles of Folate and VitB12

Although only a small portion of patients showed folate or VitB12
deficiency, analysis of outcomes according to folate level tertiles
showed that the elevated folate level did correlate with greater
decline in UPDRS-III scores (U = 902.500; P = 0.023) and H-Y
classification (U = 781.000; P = 0.003) and a dramatic increase in
ADL scores (U = 929.000; P = 0.048) (Table 6). However, these
changes were not observed in VitB12 level tertiles related to the
outcomes (Table 7).
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TABLE 3 | Univariate and multivariate regression analyses of the clinical characteristics for ADL scores in PD patients (n = 148).

Univariate HR (95% CI) P Multivariate HR (95% CI) P
Gender 3.455 (—2.890-9.800) 0.284

Age —0.579 (—0.842-0.315) <0.001 Age —0.226 (—0.490-0.037) 0.090
Education: illiteracy Reference

Education: primary 7.288 (—9.682-24.258) 0.397

Education: junior 6.402 (—9.904-22.708) 0.439

Education: senior —2.070 (—18.781-14.641) 0.807

Education: undergraduate 3.397 (—13.034-19.828) 0.683

Education status: post-graduate 0.838 (—29.759-31.426) 0.957

Smoking 5.552 (—6.723-17.827) 0.373

Alcohol consumption 12.429 (—9.400-34.258) 0.262

Diabetes mellitus —12.275 (—22.020-2.530) 0.014 Diabetes mellitus —11.995 (—20.260-3.731) 0.005
PD duration —0.159 (-0.213-0.104) <0.001 PD duration —0.113 (—0.166-0.060) <0.001
ABO blood type: A Reference

ABO blood type: B —2.392 (—11.160-6.376) 0.591

ABO blood type: AB 3.969 (—6.988-14.926) 0.475

ABO blood type: O 2.233 (—5.939-10.406) 0.590

WBC —0.903 (—2.902-1.096) 0.373

HGB 0.220 (0.025-0.415) 0.027 HGB —0.045 (—0.231-0.142) 0.636
Lymphocyte 5.723 (—0.543-11.989) 0.073 Lymphocyte 12.234 (—4.047-23.758) 0.163
Neutrophil —1.935 (—4.392-0.522) 0.122

Monocyte —12.662 (—30.706-5.382) 0.168

Platelet —0.034 (—0.082-0.015) 0177

ALB 1.373 (0.5638-2.208) 0.001 ALB 0.476 (—0.342-1.293) 0.252
TBIL 0.303 (—0.240-0.847) 0.272

ALT 0.341 (0.057-0.625) 0.019 ALT 0.022 (—0.224-0.267) 0.862
CREA 0.023 (—0.164-0.210) 0.810

URIC 0.007 (—0.025-0.040) 0.661

LDH —0.014 (—0.038-0.010) 0.250

CRP —1.090 (—1.719-0.460) 0.001 CRP —0.102 (—0.786-0.583) 0.770
PT 1.430 (—1.857-4.717) 0.391

D-D —0.010 (—0.015-0.005) <0.001 D-D —0.004 (—0.009-0.000) 0.071
FIB —2.054 (—4.468-0.359) 0.095 FIB —1.482 (—3.590-0.626) 0.167
Folate 0.592 (0.022-1.162) 0.042 Folate 0.394 (—0.086-0.873) 0.107
VitB12 —0.026 (—0.041-0.011) 0.001 VitB12 —0.021 (—0.034-0.008) 0.002
GPS =0.0 Reference

GPS =1.0 —4.882 (—12.095-2.331) 0.183

GPS =2.0 —32.912 (—54.217-11.608) 0.003 GPS =2.0 2.865 (—27.793-33.522) 0.854
mGPS = 0.0 Reference

mGPS = 1.0 —12.850 (—29.264-3.564) 0.124

mGPS = 2.0 —43.850 (—69.534-18.165) 0.001 mGPS = 2.0 —24.048 (—65.454-17.358) 0.253
PNI 1.291 (0.612-1.971) <0.001 PNI 0.476 (—0.342-1.293) 0.252
NLR —4.264 (—7.563-0.965) 0.012 NLR 9.370 (0.226-18.513) 0.045
PLR —0.092 (—0.157-0.027) 0.006 PLR 0.128 (—0.030-0.286) 0.112
LMR 1.812 (—0.241-3.864) 0.083 LMR —0.540 (—2.593-1.514) 0.604
Sl —0.020 (—0.032-0.008) 0.001 Sl —0.059 (—0.100-0.018) 0.005
UA/Cr 0.697 (—1.402-2.797) 0.512

ADL, activity of daily living scale; PD, Parkinson’s disease; HR, hazard ratio; Cl, confidence interval; WBC, white blood cell; HGB, hemoglobin; PLT, platelet; ALB, albumin; TBIL,
total bilirubin; ALT, alanine transaminase; Cr, creatinine; UA, uric acid; LDH, lactate dehydrogenase; CRR, C-reactive protein; PT, prothrombin time; VitB12, vitamin B12; GPS,
Glasgow Prognostic Score; mGPS, modified Glasgow Prognostic Score; PNI, prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
LMR, lymphocyte-to-monocyte rati; Sll, systemic immune-inflammation index.
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TABLE 4 | Univariate and multivariate regression analyses of the clinical characteristics for UPDRS-IIl scores in PD patients (n = 148).

Univariate HR (95% CI) P Multivariate HR (95% CI) P
Gender 0.422 (—5.461-6.306) 0.887

Age 0.478 (0.231-0.724) <0.001 Age 0.348 (0.096-0.601) 0.007
Education: illiteracy Reference

Education: primary —2.885 (—18.693-12.924) 0.719

Education: junior —6.318 (—21.509-8.872) 0.412

Education: senior —4177 (—19.745-11.391) 0.597

Education: undergraduate —7.244 (—22.550-8.063) 0.351

Education status: post-graduate 5.500 (—23.000-34.000) 0.708

Smoking —6.333 (—17.655-4.989) 0.271

Alcohol consumption —8.920 (—29.117-11.278) 0.384

Diabetes mellitus 5.362 (—3.787-14.510) 0.249

PD duration 0.161 (0.112-0.210) <0.001 PD duration 0.124 (0.075-0.174) <0.001
ABO blood type: A Reference

ABO blood type: B 6.972 (—1.098-15.042) 0.090 ABO blood type: B 2.218 (—3.188-7.625) 0.419
ABO blood type: AB 2.147 (—7.938-12.232) 0.675

ABO blood type: O 3.718 (—3.803-11.240) 0.330

WBC 0.231 (—1.620-2.082) 0.805

HGB —0.093 (—0.276-0.089) 0.313

Lymphocyte —5.247 (—11.036-0.542) 0.075 Lymphocyte —4.215 (—12.086-3.656) 0.291
Neutrophil 1.016 (—1.266-3.299) 0.380

Monocyte 6.717 (—10.023-23.457) 0.429

Platelet —0.021 (—0.066-0.024) 0.363

ALB —0.498 (—1.292-0.297) 0.218

TBIL —0.521 (—1.018-0.024) 0.040 TBIL —0.412 (—0.854-0.030) 0.068
ALT —0.189 (—0.454-0.077) 0.162

CREA 0.032 (—0.140-0.205) 0.714

URIC 0.001 (—0.029-0.031) 0.954

LDH —0.009 (—0.031-0.013) 0.411

CRP 0.974 (0.391-1.557) 0.001 CRP 0.390 (—0.799-1.579) 0.518
PT 0.590 (—2.452-3.632) 0.702

D-D 0.006 (0.001-0.011) 0.011 D-D 0.002 (—0.003-0.006) 0.465
FIB 0.942 (—1.303-3.187) 0.408

Folate —0.752 (—1.272-0.233) 0.005 Folate —0.519 (—0.979-0.060) 0.027
VitB12 0.016 (0.002-0.030) 0.030 VitB12 0.013 (0.001-0.026) 0.037
GPS =0.0 Reference

GPS=1.0 5.171 (—1.624-11.966) 0.135

GPS =2.0 16.414 (—3.657-36.484) 0.108

mGPS = 0.0 Reference

mGPS =1.0 20.153 (4.789-35.518) 0.011 mGPS = 1.0 10.879 (—12.999-34.756) 0.369
mGPS = 2.0 20.553 (—3.489-44.596) 0.093 mGPS = 2.0 —6.698 (—43.607-30.211) 0.720
PNI —0.668 (—1.316-0.020) 0.043 PNI 0.608 (—0.162-1.377) 0.121
NLR 3.045 (—0.029-6.120) 0.052 NLR 1.225 (—2.103-4.554) 0.468
PLR 0.021 (—0.041-0.083) 0.495

LMR —1.212 (-3.117-0.693) 0.211

Sl 0.008 (—0.004-0.019) 0.182

UA/Cr —0.363 (—2.303-1.577) 0.712

UPDRS-II, the Unified Parkinson’s Disease Rating Scale Part lll; PD, Parkinson’s disease; HR, hazard ratio; Cl, confidence interval; WBC, white blood cell; HGB, hemoglobin; PLT, platelet;
ALB, albumin; TBIL, total bilirubin; ALT, alanine transaminase; Cr, creatinine; UA, uric acid; LDH, lactate dehydrogenase; CRR, C-reactive protein; PT, prothrombin time; VitB12, vitamin
B12; GPS, Glasgow Prognostic Score; mGPS, modified Glasgow Prognostic Score; PNI, prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; LMR, lymphocyte-to-monocyte ratio; SlI, systemic immune-inflammation index.
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TABLE 5 | Univariate and multivariate regression analyses of the clinical characteristics for Hoehn-Yahr (H-Y) classification of PD patients (1 = 148).

Univariate HR (95% CI) P Multivariate HR (95% CI) P
Gender —0.159 (-0.752-0.433) 0.599

Age 0.051 (0.024-0.079) <0.001 Age 0.049 (0.018-0.080) 0.002
Education: illiteracy —0.566 (—3.416-2.283) 0.697

Education: primary —1.226 (—3.793-1.342) 0.349

Education: junior —1.344 (—3.875-1.187) 0.298

Education: senior —0.852 (—3.401-1.697) 0.513

Education: undergraduate —1.473 (—4.012-1.067) 0.256

Education status: post-graduate Reference

Smoking —0.330 (—1.479-0.819) 0.573

Alcohol consumption —0.719 (—2.773-1.336) 0.493

Diabetes mellitus 0.682 (—0.245-1.610) 0.149

PD duration 0.022 (0.015-0.028) <0.001 PD duration 0.019 (0.013-0.026) <0.001
ABO blood type: A —0.062 (—0.823-0.699) 0.873

ABO blood type: B 0.455 (-0.271-1.181) 0.219

ABO blood type: AB —0.084 (—1.033-0.865) 0.862

ABO blood type: O Reference

WBC —0.008 (—0.195-0.178) 0.931

HGB —0.015 (—0.033-0.004) 0.124

Lymphocyte —0.668 (—1.267-0.069) 0.029 Lymphocyte —0.347 (—1.337-0.642) 0.492
Neutrophil 0.092 (—0.139-0.322) 0.436

Monocyte 0.870 (—0.821-2.562) 0.313

Platelet —0.002 (—0.006-0.003) 0.436

ALB —0.065 (—0.146-0.016) 0.116

TBIL —0.070 (-0.122-0.018) 0.008 TBIL —0.065 (—0.123-0.007) 0.029
ALT —0.020 (—0.047-0.007) 0.145

CREA —0.006 (—0.023-0.012) 0.527

URIC —0.001 (—0.004-0.002) 0.485

LDH —0.001 (—0.004-0.001) 0.224

CRP 0.088 (0.025-0.151) 0.006 CRP 0.039 (—0.030-0.108) 0.269
PT 0.143 (—0.164-0.450) 0.361

D-D 0.000 (0.000-0.001) 0.188

FIB 0.048 (—0.178-0.274) 0.679

Folate —0.067 (-0.122-0.012) 0.016 Folate —0.055 (—0.113-0.004) 0.066
VitB12 0.002 (0.000-0.003) 0.011 VitB12 0.002 (0.000-0.004) 0.017
GPS =0.0 —1.180 (—3.227-0.866) 0.258

GPS =1.0 —0.505 (—2.608-1.597) 0.638

GPS=2.0 Reference

mGPS = 0.0 —1.553 (—4.059-0.952) 0.224

mGPS = 1.0 0.510 (—2.429-3.449) 0.734

mGPS = 2.0 Reference

PNI —0.092 (-0.160-0.025) 0.007 PNI 0.035 (—0.063-0.133) 0.485
NLR 0.369 (0.051-0.687) 0.023 NLR 0.147 (—0.314-0.608) 0.532
PLR 0.003 (—0.003-0.010) 0.303

LMR —0.222 (—0.418-0.026) 0.027 LMR —0.142 (—3.389-0.105) 0.259
Sl 0.001 (0.000-0.002) 0.134

UA/Cr —0.034 (-0.229-0.162) 0.736

H-Y classification, Hoehn-Yahr classification; PD, Parkinson'’s disease; HR, hazard ratio; Cl, confidence interval; WBC, white blood cell; HGB, hemoglobin; PLT, platelet; ALB, albumin;
TBIL, total bilirubin; ALT, alanine transaminase; Cr, creatinine; UA, uric acid; LDH, lactate dehydrogenase; CRR, C-reactive protein; PT, prothrombin time; VitB12, vitamin B12; GPS,
Glasgow Prognostic Score; mGPS, modified Glasgow Prognostic Score; PNI, prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR,
lymphocyte-to-monocyte ratio; SlI, systemic immune-inflammation index.
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TABLE 6 | Changes of outcomes according to tertiles of Folate in PD patients (n = 148).

Folate tertile

Change outcomes First (<8.90 ng/ml) Second (8.90-13.61 ng/ml) Third (>13.61 ng/ml) U P

ADL 84.90 4+ 20.27 87.30 + 19.15 91.28 +17.14 902.500 0.023
UPDRS-IIl 46.86 + 16.65 43.56 + 17.75 36.78 + 16.91 781.000 0.003
H-Y classification 4.14 +1.98 4.06 4+ 1.62 3.37 £1.72 929.000 0.048

PD, Parkinson’s disease; ADL, activity of daily living scale; UPDRS-II, the Unified Parkinson’s Disease Rating Scale Part Ill; H-Y classification, Hoehn-Yahr classification.

TABLE 7 | Changes of outcomes according to tertiles of VitB12 in PD patients (n = 148).

VitB12 tertile
Change outcomes First (<236.33 pmol/L) Second (236.33-339.33 pmol/L) Third (>339.33 pmol/L) U P
ADL 90.87 + 14.17 88.50 + 18.22 84.08 + 23.15 1068.000 0.316
UPDRS-Il 41,80+ 17.35 41104+ 17.37 44.35 +17.98 1087.500 0.422
H-Y classification 3.57 +1.61 3.82 +1.81 418 +£1.94 978.500 0.102

VitB12, vitamin B12; PD, Parkinson’s disease; ADL, activity of daily living scale; UPDRS-IIl, the Unified Parkinson’s Disease Rating Scale Part Il H-Y classification, Hoehn—

Yahr classification.

Correlation Between the Significant
Factors and the Outcomes

According to the above regression analysis and stratified analysis,
we performed correlation analysis of the significant factors
and the outcomes. Figurel shows that SII was negatively
associated (P < 0.001) with the ADL score. Folate level was
also negatively associated with UPDRS-III score (P = 0.005) and
H-Y classification (P = 0.015). The three-dimensional drawing
(Figure 2) showed the combined effect of folate and VitB12 levels
on the outcomes. It showed that the lowest level of folate was
associated with the lowest ADL score, while the lowest level
of folate was related to the highest UPDRS-III score and H-Y
classification. The trend between each tertile of folate levels was
more stable and obvious than that of the VitB12 levels.

DISCUSSION

The relationship between several important inflammation-
based scores and the severity of PD was first investigated
in our present study. We found that PD duration and
motor performance status (ADL scores and UPDRS-III
scores) were highly correlated with H-Y classification stages.
Folate deficiency (serum level <4.0ng/mL) and VitB12
deficiency (serum level <133 pg/mL) were only present
in 0.7 and 5.4% of the patients, respectively. NLR and SII
were significant factors for ADL scores. Serum folate and
VitB12 levels are significant factors influencing the motor
performance status (ADL scores, UPDRS-III scores, and H-Y
classification in PD). Dose-response analysis suggested that
elevated folate level correlates with mild motor impairment
in PD.

Although the underlying mechanism of neurodegeneration
mediated by neuroinflammation is still rarely understood,
increasing evidence suggests that the blood-brain barrier is

affected under pathological conditions. Faucheux et al. (7)
reported an increase in endothelial cell density in the SN of
PD. Farkas et al. (8) reported pathological changes in the
microanatomy of cerebral capillaries in patients with PD.
Activated microglia release cytokines that may stimulate
angiogenesis. Whether these cytokines can also induce brain
capillary damage and changes in permeability, allowing
peripheral cells, such as lymphocytes, to cross the blood-
brain barrier into the brain, deserves further investigation.
Studies related to the systemic inflammatory indexes have been
published based on the neuroinflammation hypothesis of PD
progression. Altered differential leukocyte count was involved in
PD-related symptoms even though there was no sign of clinical
inflammation. Relatively mild peripheral inflammation might
play an important role in promoting mild disease phenotype
in PD (24). A positive association between NLR and motor
severity was observed in a tremor-dominant (TD) subgroup.
Besides, NLR could negatively predict the striatal binding ratios
in ipsilateral and contralateral putamen and caudate nuclei in a
TD phenotype (25). However, other studies showed that there
was no statistically significant difference between the NLR of
patients with idiopathic PD (akinetic-rigid or TD subtypes)
and controls (26). The present study also found that NLR
was independently associated with ADL score. However, no
significant association was found with UPDRS-III score and H-Y
classification after multivariate analyses. As mentioned before,
the complex indexes, such as PNI and SII, have proved to be
more sensitive and reliable than single parameters in reflecting
the immune-inflammation or nutritional status in different types
of cancer (9-11) or inflammatory diseases (12). Nevertheless,
these complex indexes have never been investigated in PD
before. The present study showed that SII is a significant factor
for ADL score. SII was negatively associated with the ADL score,
indicating that patients with PD with a high SII score have a
more severe motor impairment and poor performance status.
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ADL

FIGURE 1 | Correlation analysis between the significant factors and the outcomes. (A) SIl was negatively associated (P < 0.001) with ADL score. (B,C) Folate level
was also negatively associated with UPDRS-IIl score (P < 0.001) and H-Y classification (P < 0.001).

UPDRSHI HY staging

UPDRS-II

FIGURE 2 | The combined effect of serum folate and VitB12 levels on the outcomes. Red bar represents the highest combined effects to the outcomes, while the
blue bar represents the lowest effects. (A) ADL score, (B) UPDRS-IIIl score, and (C) H-Y classification.

H-Y classification

The SII score, based on lymphocytes, neutrophils, and platelets,
might serve as a useful tool for predicting the severity of motor
impairment or prognosis in patients with PD.

The association of serum folate and VitB12 levels with PD
have long been investigated, but the result regarding VitB12 level
and PD was still inconsistent. Several meta-analyses have been
released to address this question. Patients with PD with cognitive
impairment were likely to have higher tHcy levels, lower folate,
and VitB12 levels (27). However, all of the 27 included studies
were conducted in China. The I-squared was extremely high
across the studies, indicating heterogeneity, and the pooled
result was not robust and convincible. Another meta-analysis,
including 15 studies worldwide, drew a subdivided conclusion
that serum tHcy level was higher in patients with PD compared
with the control group, and lower folate and VitB12 levels were
only observed in the PD cognitive impairment group compared
with the cognitively normal group (28). On the contrary, a large
community-based study found that hyperhomocysteinemia was
not a risk factor for PD, as well as VitB12 and folate deficiency
(29). Using CSF specimens, Christine et al. (30) found that
low CSF VitB12 predicted greater worsening of the UPDRS
“walking” item, whereas CSF tHcy was not associated with
the progression of cognitive impairment. These findings were

partially contradicted to their findings in serum, which show
that low serum VitB12 at baseline predicted greater worsening
of mobility, whereas elevated tHcy predicted greater cognitive
decline (19). These ambiguous results were challenged by
Cardoso (32). First, the metabolism of VitB12 could be induced
by L-dopa (12, 13). Second, many factors might contribute to low
VitB12 level. Genuine deficiency is only observed in few cases
with extremely low levels. Finally, the measurement of VitB12
level should be adjusted for important confounding factors,
especially the tHcy level (31, 32).

Animal model experiments showed that supplementation of
folic acid could attenuate the severity of parkinsonism. While
the supplement of vitamin B complex also had a beneficial
effect and improved motor performance (33). Dietary folic
acid provided protection against disparities in parkin mutation-
induced PD via alleviating mitochondrial dysfunction (34). If
we take up the point of view that high serum tHcy level
and low serum VitB12 and folate levels were associated with
progression of motor or cognitive impairment, what could be the
basic underlying mechanism?—Schaftner et al. (35) uncovered
that 5’-deoxyadenosylcobalamin (AdoCbl), the physiological
form of VitB12, modulated PD leucine-rich repeat kinase-2
(LRRK2) kinase activity through allosteric regulation. Treatment
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with AdoCbl inhibited LRRK2 kinase activity and prevented
neurotoxicity. AdoCbl also alleviated deficits in dopamine release
sustainability caused by LRRK2 disease variants in mouse
models (35).

Based on the ambiguous epidemiological studies and positive
fundamental research, the plan for supplementation of folic acid
or VitB12 might come up and be put into practice. However, no
significant association was observed for dietary intake of folic
acid and VitB12 with the risk of developing PD (36). Another
large longitudinal study on patients with early PD showed that
no significant differences in the progress of UPDRS scores were
observed. However, a well-designed prospective nested case—
control study showed that a low-folate density diet, 2-8 years
before PD diagnosis, was significantly associated with olfactory
dysfunction at the time of PD diagnosis (37).

The unbalanced gender distribution was observed in
demographics, which was contradictory to the previous study
(38). PD is usually more common in men than women,
with a male-to-female ratio of about 1.5. The underlying
mechanism is rarely understood. Possible explanations for this
difference include more frequent occupational exposures in men,
neuroprotection from estrogens in women, and X-linked genetic
factors. However, gender is neither considered a protective
factor nor a risk factor in an epidemiological study of PD.
There might be recall and selection bias in the retrospective
study. Based on the univariate or multivariate analysis in
the present study, gender was not statistically significant. It
is widely accepted that UA is a natural antioxidant that has
protective effects of scavenging free radicals and antioxidation
in neurological disorders. It has been reported that lower serum
UA level was associated with the worsening of motor function
(39). Serum UA and UA/Cr levels were negatively correlated
with the H-Y classification of PD and are independent of
negatively predicting biological indexes of PD incidence and
progression (40). However, the univariate and multivariate
analyses of the study did not reveal significant associations
between serum UA and UA/Cr levels and the motor performance
status of PD.

There are several limitations in the present study: First, this
is a retrospective study design, where recall and selection bias
might exist. Second, age- and gender-matched healthy controls
are not included because the elderly or retired people seldom go
for medical check-ups, and the conventional check-ups do not
contain tests for folate or VitB12 levels and for the assessment
of motor performance status or cognitive ability. Third, a
powerful endpoint assessment tool, such as UPDRS-II, was not
used. Fourth, adjustments for important confounding factors,
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