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Abstract
Background: In ammatory response plays an important role in the pathologic process and prognosis of
Parkinson's disease (PD).We investigated the relationship between the neutrophil to high-density
lipoprotein ratio (NHR),neutrophil to lymphocyte ratio (NLR),and monocyte to high-density lipoprotein
ratio (MHR) on the prediction of PD and its course and severity.
Methods: Patients with Parkinson's disease were selected (n=101) and divided into three groups
according to the onset cycle:<6 years (n=64),6-10 years (n=23) and > 10 years(n=14).And according to
Hoehn and Yahr classi cation: 1~2.5 is the early stage (n=55);Grades 3~5 are divided into two groups
(n=46).In addition, healthy subjects (n=97) matched with the above pd patients in the same period were
selected as the control group.In this way, the in uence of NHR, NLR, MHR and other indicators on
corresponding groups is evaluated.
Results: Neutrophils, NHR and NLR in PD group were signi cantly higher than those in control group.
nevertheless, lymphocyte, total cholesterol, low density lipoprotein and hemoglobin were signi cantly
lower than those in the control group. Multi-factor logistic regression analysis indicated that NHR (odds
ratio (OR)=1.456,95%CI:1.007~2.104,P=0.046) and NLR(OR=1.663,95%CI:1.101~2.513,P=0.016) were
risk factors for Parkinson's disease, while MHR had no signi cant correlation with Parkinson's disease.
The AUC(area under the ROC curve) of PD predicted by NHR and NLR were
0.648(95%CI:0.572~0.724,P=0.0003) and 0.718 (95%CI:0.646~0.790,P<0.0001),respectively, and the
critical values for optimal diagnosis were3.104×109/mmol and 1.939×109/mmol. Spearman analysis
showed that NHR was signi cantly negatively correlated with the course of disease.
Conclusions: In summary, NHR not only has strong predictive value for PD disease, but also is closely
related to the course of disease. NHR levels may be better predictors of long-term clinical outcomes in PD
patients than MHR and NLR.

1. Introduction
Parkinson's disease (PD) is a common neurodegenerative disease. The global prevalence rate increases
with the increase of age and increases faster than other neurological diseases,and the aging of the
population also further promotes the occurrence of PD to a large extent[1].Although the pathogenesis of
Parkinson's disease is still unclear,in ammation has been proved to be involved in the pathogenesis and
progression of Parkinson's disease[2–4].Microglial cell (MG) hyperplasia in the brain is the
pathophysiological basis of PD.MG secretes high levels of proin ammatory mediators,damages
neurons,further activates microglial cells, and promotes in ammatory response[5].Neutrophils,monocytes
and lymphocytes,as components of white blood cells in circulating blood,increase in peripheral
in ammation and participate in the development of clinical symptoms in PD patients[2,6−7].The antiin ammatory and antioxidant effects of HDL-C(high-density lipoprotein cholesterol) have been well
known, and the decreased levels of HDL-C are associated with systemic in ammation and endothelial
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cell dysfunction, thus participating in the progression of PD patients[4, 8].Some studies have found that
neutrophil to lymphocyte ratio (NLR), neutrophil to HDL-C ratio (NHR),and monocyte to high-density
lipoprotein cholesterol (HDL-C) ratio (MHR) can be used as potential markers of systemic in ammatory
state, and signi cant increases in NLR have been reported in patients with PD [9–11].However, PD is a
heterogeneous disease with rapidly and slowly progressive forms.Although there are many treatment
measures for this disease,progressive neurodegeneration and the increase of accompanying symptoms
still impose a serious burden on the society[12].At present,little is known about the relationship between
NLR, NHR and MHR and the course and severity of PD.Therefore,it is of great signi cance to study the
relationship between in ammatory factors and PD for prevention and treatment of PD.

2. Methods
2.1 Study population A retrospective analysis was performed on 198 patients hospitalized in the
Department of Neurology of Qinghai Provincial People's Hospital from March 2017 to March 2020,
including 100 males (50.5%) and 98 females (49.5%),ranging from 36 years old to 88 years old and 55.8
~ 76 years old (65.3 ± 12.6 years old).PD patients (n = 101) and control group (n = 97).According to the
length of the disease cycle,PD patients were divided into three groups:< 6 years(n = 64), 6-10years (n = 23)
and > 10years (n = 14).According to Hoehn and Yahr classi cation, the disease severity of patients after
treatment was divided into 1 ~ 2.5 as early stage (n = 55). Grades 3 ~ 5 are divided into two groups (n =
46).Inclusion criteria:(1)Integral material clinical and laboratory examination data of patients;(2)Met the
diagnostic criteria established by the International Parkinson's Disease and Movement Disorders
Association[13].The exclusion criteria were as follows:(1) the presence of signs of acute infection;(2)Acute
cardiovascular disease; (3) Diabetes,hypothyroidism,tumor and blood immune system diseases;(4)Severe
liver and kidney injuries.The study was approved by the ethics committee of Qinghai Provincial People's
Hospital.
2.2 Blood methods Collect the list the basic information such as age,gender,research objects are all within
24h after admission morning fasting blood extract, white blood cells, neutrophils, monocytes and
lymphocytes, Hb,HDL-C,LDL-C,uric acid,such as laboratory assay index, further calculate the mononuclear
cells and high-density lipoprotein cholesterol (HDL-C) ratio (MHR), neutrophils ratio and high density
lipoprotein cholesterol(NHR) and the ratio of neutrophils and lymphocytes (NLR).Beckman AU5800
automatic biochemical analyzer was used to measure HDL-C(selective inhibition method),LDLC(surfactant clearance method) and uric acid (uricase method).The blood count was measured using the
Sysmex XN-1000 analyzer (Sysmex,Kobe, Japan) to detect white blood
cell,neutrophils,monocytes,lymphocytes,Hb and other laboratory indicators.

2.3 Statistical analyses SPSS25.0 software (Chicago,IL,USA) was used. The measurement data were
tested by S-W normality test, and the normal distribution was expressed as mean ± standard
deviation(MEAN ± SD).T-test or one-way analysis of variance (ANOVA) were used, the non-normal
distribution was expressed as median (quartile), Wilcoxon rank sum test was used, and chi-square test
was used for enumeration data.To study the in uencing factors of PD, univariate analysis was rst
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performed, and variables with signi cant univariate screening (P < 0.05) were included in the multivariate
logistic regression model with PD as the dependent variable for risk factor analysis.The ROC curve was
used to analyze the factors affecting PD and judge its diagnostic value.Spearman correlation analysis
was used for the diseased samples.In this analysis,P < 0.05 was considered statistically signi cant.

3. Results
3.1 Comparison of baseline demographic characteristics and laboratory indicators between the two
groups In the PD group (n = 101), there were 51 males (51%) with an age of 67 (55.5 ~ 75.5). In the control
group (n = 97),49 males (49%) aged 67 (55.5 ~ 76) showed no statistically signi cant difference in gender
and age between the two groups (P > 0.05),indicating comparability.White blood cells, monocytes, uric
acid,TG, HDL-C and MHR had no signi cant difference between the two groups.The levels of
neutrophils,NHR and NLR in the PD group were signi cantly higher than those in the control group,while
the levels of lymphocytes,LDL-C and hemoglobin in the PD group were signi cantly lower than those in
the control group, with statistically signi cant differences(P < 0.05,P < 0.01,Table 1).
3.2 Risk factors analysis of PD patients Taking PD as the dependent variable,univariate analysis showed
that the related factors of PD were Hb,TC,LDL-C,NHR and NLR as independent variables(because of the
collinearity of NHR and NLR with neutrophils and lymphocytes, neutrophils and lymphocytes were not
included in the multi-factor analysis).Multi-factor logistics regression analysis showed that NHR(P =
0.046,OR = 1.456 > 1) and MHR(P = 0.016,OR = 1.663 > 1) were risk factors for PD patients,while Hb,TC
and LDL-C could not signi cantly affect whether patients had PD.The results were plotted as forest map
(P < 0.05,Fig. 1).
3.3 Difference analysis of PD patients with different onset cycles According to the duration of disease of
PD patients, pair comparisons were carried out among 3 sub-groups of < 6 years,6–10 years and > 10
years.The results showed that WBC,neutrophil,TG and NHR with the onset period of more than 10 years
were signi cantly lower than those of PD patients with the onset period of less than 6 years (P < 0.05).
Please refer to the box diagram (Fig. 2) for the speci c differences.
3.4 Difference analysis of PD patients with different severity Comparison of patients with early and
middle-advanced stage PD showed no statistically signi cant differences in gender,WBC, Neutrophil,
lymphocyte, monocyte,Hb, UA, TC,TG or LDL-C. However, there were signi cant differences in age,HDLC,MHR and NHR(P < 0.05), among which,the levels of year, MHR and NHR in early stage patients were
signi cantly lower than those in advanced stage patients. HDL-C levels were signi cantly higher in early
stage patients than in advanced stage patients. The above differences are drawn into a box diagram
(Fig. 3).
3.5 ROC curve analysis ROC curve analysis was performed on NHR and NLR values to evaluate PD.For
NHR,the AUC was 0.648 (95%CI:0.572 ~ 0.724,P = 0.0003),the best cut-off value was
3.104×109/mmol,and the sensitivity% was 46.53%. Speci city%:76.29%.The AUC of NLR was
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0.718(95%CI:0.646 ~ 0.790,P < 0.0001), and its optimal critical value was 1.939×109/mmol,
sensitivity%:70.34%.Speci city %:69.17% (Fig. 4).

3.6 Spearman analysis Since there were signi cant differences between NHR and MHR and the onset
cycle and Hoehn-Yahr classi cation in PD patients,further correlation analysis showed that there was a
signi cant negative correlation between NHR and the onset period, with a correlation coe cient of
-0.22,P = 0.027 < 0.05.The correlation with Hoehn-Yahr classi cation was not signi cant,P > 0.05.MHR and
course of disease and Hoehn-Yahr were not signi cant (Table 2).
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Table 1
Characteristics of PD patients compared with healthy controls
Controls(n = 97)

PD(n = 101)

χ2/Z/T

P

Gender (male-%)

49(49%)

51(51%)

< 0.001

0.998

Age(year)

67(55.5 ~ 76)

67(55.5 ~ 75.5)

-0.148

0.883

WBC(×109/L)

5.11(4.66 ~ 5.88)

5.49(4.62 ~ 6.4)

-1.536

0.125

Neutrophil(×109/L)

2.86(2.3 ~ 3.42)

3.36(2.86 ~ 4.21)

-4.256

< 0.001

Lymphocyte(×109/L)

1.75(1.39 ~ 2.11)

1.51(1.21 ~ 1.85)

-3.27

0.001

Monocyte(×109/L)

0.35(0.29 ~ 0.42)

0.35(0.31 ~ 0.46)

-1.091

0.275

Hb(×109/L)

155.32 ± 18.5

149.65 ± 17.76

2.199

0.029

UA(µmol/L)

312.12 ± 66.16

305.27 ± 79.65

0.658

0.512

TC(mmol/L)

4.8(4.03 ~ 5.37)

4.15(3.74 ~ 4.9)

-3.441

0.001

TG(mmol/L)

1.3(0.97 ~ 1.8)

1.24(0.87 ~ 1.83)

-0.758

0.448

HDL-C(mmol/L)

1.19(1.01 ~ 1.35)

1.18(1.01 ~ 1.37)

-0.483

0.629

LDL-C(mmol/L)

2.81(2.37 ~ 3.32)

2.42(1.95 ~ 3)

-3.244

0.001

MHR(×109/mmol)

0.29(0.24 ~ 0.37)

0.31(0.24 ~ 0.43)

-1.186

0.236

NHR(×109/mmol)

2.42(1.97 ~ 3.05)

2.81(2.25 ~ 3.84)

-3.592

< 0.001

NLR(×109/mmol)

1.61(1.25 ~ 2.14)

2.22(1.77 ~ 2.93)

-5.293

< 0.001

Abbreviations:PD,Parkinson’s disease;WBC,white blood cell;UA,Uric Acid;TC,total
cholesterol;Hb,Hemoglobin;
TG,triglyceride;HDL-C,high-densitylipoprotein;LDL-C,low-density lipoprotein;MHR,monocyte-to-HDL
ratio;
NHR,neutrophil-to-HDL ratio;NLR,neutrophil-lymphocyte ratio.
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Table 2
Correlation analysis of NHR and MHR with the course and Hoehn-Yahr
classi cation
NHR

MHR

course of disease

NHR

1

MHR

.687**

1

course of disease

-0.22*

-0.021

1

Hoehn-Yahr

0.076

0.17

.412**

Hoehn-Yahr

1

* At the level of 0.05 (double-tailed),Signi cant correlation.
** At the level of 0.01 (double-tailed),Signi cant correlation.

4. Discussion
The relationship between the levels of NHR, NLR and NHR in PD patients and the course and severity of
disease was discussed. The main ndings are as follows:(1) NHR and NLR were signi cantly correlated
with PD. (2) With the progression of disease, NHR level decreased signi cantly. The more advanced PD
patients are, the more NHR and MHR are, while there is no signi cant difference between NLR onset cycle
and Hoehn-Yahr classi cation.(3) ROC curve analysis showed that AUC of NLR was greater than NHR (4)
In Spearman analysis,and NHR was negatively correlated with disease course.Based on the above results,
we speculated that NLR has a higher predictive value for PD,while NHR may be associated with chronic
in ammation in PD patients.
Previous studies have shown that neutrophils have a strong ability to pass through any blood vessel wall
and epithelial cells,recruit,activate, and regulate the transport of different leukocyte populations in
tissues,and promote the body's in ammatory response through the mutual regulation of chemokines
expressed and released by the body[14–15].Our study showed that the level of neutrophils was
signi cantly higher than that of the healthy control group, which also con rmed its promoting effect on
the onset of PD to some extent.Not only the relationship between in ammation and PD disease and
progression has been mentioned[4–6],moreover,PD has a strong correlation with abnormal lipid
metabolism[16].However,the relationship between the level of HDL-C in peripheral blood and PD has not
been determined.Compared with the control group, plasma HDL-C decreased signi cantly[17–18] or was
irrelevant[6,19−20].This study found that HDL-C increased gradually with the extension of PD
duration,which was consistent with previous studies[21].The reasons for consideration are as follows:
(1)Smoking has been proved to be negatively correlated with the prevalence rate of PD,and the decrease
of smoking rate in PD patients may lead to the decrease of cardiovascular disease[22].At the same time,
one study found that smokers had lower HDL-C levels[11](2)Levodopa is the standard therapy for
Parkinson's disease.Studies have reported that levodopa can reduce blood lipid level,but with the
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increasing course of the disease,it is often necessary to reduce the dose of levodopa to avoid motor
complications[23].Other reports have shown that PD patients have a cardiometabolic protective
effect(3)Other reports have shown that PD patients have a cardiometabolic protective effect[24],while
HDL-C has been recognized as a protective factor for cardiovascular disease, it is not di cult to
understand that HDL-C levels rise during the course of the disease.Neutrophils were "closely related" to
HDL-C.HDL-C can not only inhibit the expression of neutrophil active activators (PMA and fMLP),but also
inhibit its activation,adhesion, diffusion and migration[25].This is consistent with the ndings of this study
that neutrophils show a downward trend with the increase of disease course.Certainly, a meta-analysis[26]
shows that non-steroidal anti-in ammatory drugs (NSAIDs) are effective in the prevention and treatment
of PD patients, and may also lead to decrease of neutrophils.Interestingly,the study concluded that HDL-C
levels were signi cantly lower in patients with advanced PD than in patients with earlier stages.HDL-C
plays an important role in the brain under both physiological and pathological conditions. Treatment with
enhanced HDL-C function is bene cial to both the peripheral and central nervous systems[27].ApoA1
exists in cerebrospinal uid and is the most important structural protein component of HDL-C. Recent
studies have reported that higher ApoA1 level can effectively delay the dopaminergic neurodegeneration
in PD patients,thus reducing the severity of the disease[17].Therefore, it is particularly important to pay
attention to HDL-C in PD patients.
In ltrating adaptive immune cells play an important role in neuroin ammatory diseases and
neurodegenerative diseases[2].The formation of Louis nucleosome is a characteristic pathological change
in PD patients, which is mainly composed of -synuclein (-SYn). In an animal experiment, T cell in ltration
(e.g.,CD3+, CD4+T cells) was detected in the neocortex, hippocampus, and striatum perivascular and
parenchyma of -SYN mice.Immunoregulatory mediators and/or lack of effective mechanisms of
dissolution led to a pro-in ammatory environment. In addition, T cell interaction with glial cells further
enhanced in ammatory activity[5, 28].The results of this study indicated that the lymphocyte level in
peripheral blood was signi cantly lower than that of the control group,which was considered to be related
to the recruitment of lymphocytes into the brain parenchyma,leading to the imbalance of lymphocytes
and the reduction of CD3+ and CD4+ lymphocyte subsets in PD patients,especially CD3+,which was the
most abundant type of lymphocytes[29].
In conclusion, it is not di cult to conclude that immune in ammatory reaction and dyslipidemia are
important factors to promote the occurrence and progression of PD.NHR and NLR were determined by the
ratio of neutrophils to HDL-C and neutrophils to lymphocytes, respectively,so it was speculated that the
two indexes were related to PD.They are not only simple and fast,but also integrate the information
between factors. Compared with a single indicator, they have advantages and re ect the complementary
relationship between different pathways, so as to more accurately re ect the in ammatory changes of
PD.Therefore,NHR and NLR were considered to be closely related to in ammatory activities and lipid
changes.Previous studies have reported that the interaction between increased neutrophils and decreased
HDL-C leads to increased NHR level and increased risk of acute myocardial infarction in the elderly[30].In
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an analysis of NHR and prognosis after intravenous thrombolysis in acute ischemic stroke[10],With the
aggravation of nerve injury,NHR level gradually increased,and 25% of patients with high NHR level
developed severe neurological impairment.PD is a chronic degenerative disease, with the greatest
neurological burden between 80 and 89 years old [1].Our results showed that NHR decreased signi cantly
with the progression of the disease, and NHR increased with the advanced stage of PD.NHR is negatively
correlated with course of disease and can be an effective predictor of long-term clinical outcomes.NLR
has been widely studied, except for being reported as an in ammatory marker for cardiovascular and
cerebrovascular diseases and tumors[31–33],NLR is also associated with PD, but not with different clinical
subtypes,considering that dopamine replacement therapy can change the state of peripheral
in ammation through its metabolites, other reports have shown that NLR is positively correlated with the
increase of homocysteine caused by the decomposition of levodopa[6,34−35].Our study showed that NHR
and NLR were closely correlated in terms of in uencing the incidence and prediction of PD, but the latter
was better. In conclusion, it is suggested that the comprehensive application of NHR and NLR in different
stages of PD patients can help improve the diagnosis,treatment and prognosis of PD patients in
subsequent clinical work.
However,there are still some limitations in the research process.Firstly, due to retrospective analysis, the
effect of NHR and NLR levels on the prognosis of PD patients was limited.Secondly, the sample size
involved is relatively small and comes from the same hospital, which makes the results lack of
universality.Finally, the speci c in uence mechanism of NHR and NLR on the occurrence and
development of PD is still unknown,and more studies are needed to improve it.
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