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1  | INTRODUCTION

Multiple system atrophy (MSA) is a progressing neurodegenera-
tive disease,1 which is clinically characterized by autonomic failure, 

parkinsonism, and cerebellar ataxia.2,3 MSA included three subtypes: 
autonomic and urinary dysfunction (MSA-A), cerebellar dysfunction 
(MSA-C), and parkinsonism (MSA-P).4 Parkinson’s disease (PD) and 
multiple system atrophy (MSA) are both motor dysfunction and α-
synuclein-related neurodegenerative diseases. PD and MSA seem 
similar in the initial phase of the diseases; however, disease prevalence 
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Summary
Aims: Neuroinflammation contributed to the pathogenesis of multiple system atrophy 
(MSA). We aimed to detect the correlation between inflammatory mediators, such as 
Klotho (Klt), vitamin D (25(OH)D) and homocysteine (Hcy), and disease severity among 
MSA patients.
Methods: A total of 53 MSA patients, 65 PD patients, and 62 normal subjects were 
recruited in our cross-sectional study. Serum Klotho (Klt), vitamin D (25(OH)D), and 
homocysteine (Hcy) levels were measured. Several scales were undertaken to assess 
the motor/nonmotor function and cognitive impairment of MSA.
Results: Decreased Serum Klt and 25(OH)D levels and increased Hcy levels were 
found in patients with MSA, compared with healthy controls. These results were more 
pronounced in male patients. The three biomarkers also displayed differences be-
tween MSA and PD subgroups based on genders. Interestingly, Klt, 25(OH)D and Hcy 
levels associated with cognition impairment, motor dysfunction, mood/cardiovascular 
disorder among MSA patients. In addition, the combination of Klt, 25(OH)D and Hcy 
had a better diagnostic ability for distinguishing MSA patients from healthy subjects, 
as well as distinguishing male MSA patients from male PD patients.
Conclusion: This study suggested that Klt, 25(OH)D and Hcy levels could be a poten-
tial predictor for MSA severity evaluation.
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and treatment of dopamine differs considerably.5 Therefore, identify-
ing biomarkers that could differentiate between PD and MSA would 
be very useful.

Several lines of evidence demonstrated that inflammatory re-
sponses play an essential role in neurodegenerative diseases.6,7 It has 
been shown that neurodegeneration in the pathogenesis of PD and 
AD is mediated by some inflammatory mediators such as TNFα, IL-
1β, and IL-6.8,9 Recent studies have also shown that upregulation of 
these proinflammatory cytokines causes microglial activation, which 
leads to dopaminergic neurons degeneration and blood-brain bar-
rier (BBB) dysfunction.10,11 Klotho (Klt) is a transmembrane molecule 
that is predominantly expressed in the kidneys and brain.12 Loss of 
Klt accelerates human aging, neural degeneration, cognitive impair-
ment, and synapses deficiency in the hippocampus. However, its brain 
function remains unclear.13 Accumulating evidence demonstrated that 
Klt is functionally related to anti-inflammation14,15 and exerts protec-
tive effects against age-related diseases such as PD.13,16 Another im-
portant feature of Klt is that it, together with 1,25-dihydroxy25(OH)
D (1,25-(OH)2D), contributes to calcium (Ca)-phosphorus (P) metab-
olism.17-19 Previous reports have shown that 25(OH)D is associated 
with inflammation and may involve in the pathogenesis of PD.20-23 
Although both Klt and 25(OH)D are correlated with neuroinflamma-
tion14,15,24 and age-related diseases,13,16,22,23 the association of Klt 
and 25(OH)D with MSA severity has not been systemically elucidated. 
Homocysteine (Hcy) is a key product at the intersection of cysteine 
and methionine and is associated with neuroinflammation and cog-
nitive dysfunction.25,26 Several studies have indicated that some 
cytokines in the peripheral blood can be regarded as biomarkers to 
evaluate PD severity.25,27

Klt, 25(OH)D and Hcy are not only associated with inflammation 
and oxidative stress14,24,27 but also play important roles in the patho-
genesis of various neurodegenerative diseases.15,16,21,25,28,29 To our 
knowledge, the independent and combined effects of Klt, 25(OH)D 
and Hcy have not been investigated in assessing MSA patients yet. 
This study was performed to explore whether the cytokines, Klt, 
25(OH)D, and Hcy are related to MSA outcomes and severity. The pur-
pose of our study was (i) to compare serum Klt/25(OH)D/Hcy levels 
among PD patients, MSA patients, and healthy subjects; (ii) to explore 
the correlation between serum Klt/25(OH)D/Hcy levels and motor/
nonmotor dysfunction, cognitive impairment in MSA patients; (iii) to 
identify the diagnostic ability of the serum of Klt, 25(OH)D, Hcy levels 
to discriminate MSA patients from healthy subjects, as well as distin-
guishing MSA patients from PD patients.

2  | MATERIALS AND METHODS

2.1 | Patients and study design

This cross-sectional study was performed in accordance with the 
Declaration of Helsinki and good clinical practice guideline. From August 
2014 to December 2016, we enrolled 53 MSA patients (30 males and 
23 females) and 65 PD patients (38 males and 27 females) who were 
enrolled from the First Affiliated Hospital of Sun Yat-sen University, 

Guangzhou, P.R. China. The patients fulfilled the consensus criteria for 
the clinical diagnosis of MSA and the UK PD Society Brain Bank criteria 
(UK-PDSBB) for diagnosis, respectively.2,30,31 Additionally, 62 healthy 
control subjects (34 males and 28 females) were recruited from the out-
patient population of the same hospital, according to clinical practice.

This study was approved by the Ethics Committee of the First 
Affiliated Hospital of Sun Yat-sen University. All subjects agreed and 
signed informed consent for the measurement of serum Klt, 25(OH)
D and Hcy levels. Disease severity, the motor/nonmotor function, 
and cognitive function were evaluated by Hoehn and Yahr Staging 
Scale (H&Y), Webster Scale, PD Sleep Scale (PDSS), the Unified MSA 
Rating Scale (UMSARS), NMS Scale (NMSS), the Schwab & England 
Activities of Daily Living (ADL) Scale, Mini-Mental State Examination 
(MMSE). The patients (i) who took medication that could influence vi-
tamin D metabolism; (ii) who were diagnosis of familial Parkinsonism, 
Lewy bodies dementia, cerebral vascular disease, and cerebrovascular 
sequelae were excluded from our study. MSA and PD groups were 
divided into two subgroups based on gender. For additional details, 
please refer to the Supporting Information.

2.2 | Laboratory measurement

Venous blood samples for Klt, 25(OH)D and Hcy measurements were 
obtained at 8 am after an overnight fasting. Blood sample (3 mL) was 
collected from the all the subjects. The serum was separated via cen-
trifugation for laboratory analysis. The serum levels of Klt were de-
tected by R&D Systems ELISA kits (USA). The 25(OH)D levels were 
determined using competitive chemiluminescence immunoassays 
(Dia-Sorin, Saluggia, Italy).32 The serum levels of Hcy were measured 
by routine laboratory tests, as previously described.25

2.3 | Statistical analysis

All continuous data including age, scores on the UMSARS, NMSS, PDSS, 
MMSE, and Webster tests; and Klt, 25(OH)D and Hcy levels, were given 
as means and standard deviation (SD); group mean values were com-
pared by the Kruskal-Wallis test and Mann-Whitney U test for non-
normally distributed data or Student’s t test for normally distributed 
data. One-way ANOVA followed by post hoc analysis and Bonferroni’s 
corrections was used to assess differences in serum Klt, 25(OH)D 

Highlights
•	 MSA patients, particularly in male patients, had signifi-

cantly lower Serum Klt and 25(OH)D levels compared 
with normal subjects.

•	 MSA patients, especially in male patients, had signifi-
cantly higher Hcy serum levels compared with normal 
subjects.

•	 Significant correlations were observed between serum 
Klt, 25(OH)D and Hcy levels and the severity of MSA.
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and Hcy levels among three groups. We compared the differences in 
Klt/25(OH)D/Hcy levels between these gender subgroups by Mann-
Whitney U test (the data were not normally distributed) and Student’s 
t test (the data were normally distributed). Correlations between the 
clinical characteristics and serum cytokines levels were performed using 
Spearman’s rank correlation coefficient (rs). The predictive value of Klt, 
25(OH)D and Hcy and their combination for MSA was calculated by re-
ceiver operating characteristic (ROC) curves. Differences were deemed 
significant at P<.05. Statistical analysis was performed with SPSS 13.0 
software (SPSS Inc., Chicago, IL, USA). The SPSS 13.0 have made the au-
tomatic corrections during statistical analyses of One-way ANOVA fol-
lowed by Bonferroni’s comparison post hoc analysis, given the corrected 
P′ (P×3) in Table 3. The corrected P′ value more than .05 was defined as 
“no significant differences” among the three groups (controls, MSA, and 
PD). For additional details, please refer to the Supporting Information.

3  | RESULTS

3.1 | Characteristics of subjects

Tables 1 and 2 presented the demographic and clinical features of 
the subjects. We enrolled 53 MSA [30 males (56.6%) and 23 females 
(43.4%)], 65 PD patients [38 males (58.5%) and 27 (41.5%) females], 
and 62 healthy subjects [34 males (54.8%) and 28 females (45.2%)] 
in this cross-sectional study (Table 1). There was no difference in 
age between the MSA patients and normal subjects (59.7±10.1 
vs 53.4±9.08, P=.287, Table 3) or between MSA and PD patients 
(59.7±10.1 vs 61.5±7.97, P=.093, Table 3). In addition, when MSA pa-
tients divided into three subtypes (MSA-A, MSA-C, and MSA-P), we 
also found no statistically significant differences in age among these 
three groups.

TABLE  1 Demographic, clinical parameters in the MSA and PD patients

Clinical parameters

MSA Healthy subjects PD

Mean (SD) Min Max Mean (SD) Min Max Mean (SD) Min Max

Gender (n) Male n (%) 30 (56.6) / / 34 (54.8) / / 38 (58.5) / /

Female n (%) 23 (43.4) / / 28 (45.2) / / 27 (41.5) / /

Age (y) 59.7 (10.1) 36 80 53.4 (9.08) 41 80 61.5 (7.97) 42 85

H&Y 3.85 (1.59) 1 5 / / / 2.91 (1.82) 1 5

PDSS 119 (9.48) 89 145 / / / 106 (12.9) 75 139

UMSARS 38.9 (13.1) 27 69 / / / / / /

UMSARS (I) 13.7 (4.05) 9 24 / / / / / /

UMSARS (II) 19.2 (8.64) 10 39 / / / / / /

UMSARS (IV) 2.56 (0.50) 1 5 / / / / / /

NMSS (total) 89.4 (23.5) 29 138 / / / 75.1 (52.1) 10 157

Cardiovascular 6.06 (4.90) 0 15 / / / 8.75 (4.69) 0 18

Sleep/fatigue 15.2 (5.58) 0 28 / / / 15.2 (7.91) 0 39

Mood 17.5 (8.61) 3 34 / / / 16.3 (10.7) 0 45

Perceptual 
problem

1.87 (3.49) 0 17 / / / 1.47 (5.36) 0 15

Attention/
memory

9.27 (5.69) 0 25 / / / 7.51 (8.11) 0 27

Gastrointestinal 8.35 (5.70) 0 19 / / / 9.65 (5.37) 0 26

Urinary 9.30 (6.06) 0 28 / / / 8.33 (3.92) 0 30

Sexual function 4.45 (7.23) 0 25 / / / 3.40 (5.61) 0 22

Miscellaneous 7.67 (16.3) 0 20 / / / 6.81 (6.25) 0 18

MMSE 25.7 (3.27) 15 30 / / / 25.3 (4.10) 13 30

Schwab & England 72.8 (19.0) 0 90 81.7 (11.4) 35 90

Webster 13.8 (3.57) 5 31 15.8 (8.39) 6 90

Daily dose of l-Dopa (mg) 
(MSA-P)

262 (52.4) 227 282 / / / 273 (69.3) 241 318

Disease duration 5.15 (5.43) 0.5 16 / / / 4.62 (4.28) 0.5 14

SD, standard deviation; UMSARS, Unified Multiple system atrophy Rating Scale; PDSS, PD Sleep Scale; Webster, Webster Scale; Schwab & England, the 
Schwab & England Activities of Daily Living Scale; H&Y, the modified Hoehn and Yahr staging scale; MMSE, mini-mental state examination; NMSS, nonmo-
tor symptoms scale.



660  |     GUO et al.

3.2 | Comparisons of Klt/25(OH)D/Hcy between 
MSA/PD patients and normal subjects

There were significant differences in serum Klt, 25(OH)D and Hcy among 
the PD and MSA groups and normal subjects (**P=.003 for Klt, *P=.042 

for 25(OH)D, **P=.002 for Hcy, Table 3). MSA patients had significantly 
higher serum Hcy level than controls (15.2±5.95 vs 10.4±3.09, **P=.005, 
Table 3). Additionally, the Klt and 25(OH)D levels exhibited a downward 
trend in MSA, when compared to the healthy subjects (2.41±1.51 vs 
3.06±1.28, ***P<.001 for Klt; 39.9±15.7 vs 62.7±19.6, **P<.007 for 

Clinical parameters

MSA-P MSA-C MSA-A

Mean (SD) Mean (SD) Mean (SD)

Gender (n) Male n (%) 6 (31.6) 10 (40.0) 3 (33.3)

Female n (%) 13 (68.4) 15 (60.0) 6 (66.7)

Age (y) 59.5 (10.1) 58.3 (10.1) 64.1 (9.57)

H&Y 2.85 (0.62) 3.59 (0.73) 3.91 (0.92)

PDSS 128 (9.68) 125 (16.7) 122 (7.36)

UMSARS 32.2 (4.59) 45.5 (12.9) 35.9 (12.0)

UMSARS (I) 11.5 (3.59) 17.4 (5.71) 15.2 (3.91)

UMSARS (II) 17.6 (5.98) 25.2 (5.99) 20.5 (9.26)

UMSARS (VI) 2.69 (0.72) 3.75 (0.52) 4.18 (3.39)

NMSS (total) 88.3 (20.4) 70.4 (16.2) 72.4 (25.4)

Cardiovascular 7.18 (4.90) 7.39 (5.18) 13.3 (5.93)

Sleep/fatigue 16.2 (5.91) 12.6 (6.42) 16.4 (7.91)

Mood 15.7 (6.27) 13.5 (6.91) 12.6 (6.72)

Perceptual 
problem

2.95 (4.26) 2.58 (3.52) 1.66 (1.39)

Attention/
memory

9.59 (4.59) 8.28 (4.31) 6.53 (8.90)

Gastrointestinal 11.26 (4.92) 9.97 (4.57) 8.13 (5.42)

Urinary 8.51 (5.92) 9.11 (5.18) 12.8 (9.62)

Sexual function 3.54 (6.83) 3.79 (6.21) 3.52 (6.61)

Miscellaneous 9.68 (4.29) 6.87 (4.76) 5.95 (3.25)

MMSE 26.8 (4.04) 25.5 (3.62) 25.7 (3.10)

Schwab & England 62.6 (29.3) 66.3 (31.5) 51.7 (25.6)

Webster 13.3 (3.88) 13.1 (2.59) 12.8 (2.63)

SD, standard deviation; UMSARS, Unified Multiple system atrophy Rating Scale; PDSS, PD Sleep Scale; 
Webster, Webster Scale; Schwab & England, the Schwab & England Activities of Daily Living Scale; 
H&Y, the modified Hoehn and Yahr staging scale; MMSE, mini-mental state examination; NMSS, non-
motor symptoms scale.

TABLE  2 Demographic, clinical 
parameters in MSA-P, MSA-C, and MSA-A 
patients

TABLE  3 Comparison of age, Klt, 25(OH)D, and Hcy levels among PD and MSA patients and normal subjects

Variable MSA (mean) PD Control t Value P-value

MSA/PD MSA/Control

P P

Age 59.7±10.1 61.5±7.97 53.4±9.08 11.3 0.000*** 0.093 0.287

Klt 2.41±1.51 2.23±1.94 3.06±1.28 2.28 0.003** 0.080 <0.001***

25(OH)D 39.9±15.7 35.2±12.1 62.7±19.6 13.1 0.042* 0.192 0.007**

Hcy 15.2±5.95 14.3±5.76 10.4±3.09 13.4 0.002** 0.865 0.005**

The comparison among MSA and PD patients and normal subjects (one-way ANOVA analysis); MSA vs PD (Bonferroni’s post hoc analysis); MSA vs Control 
(Bonferroni’s post hoc analysis).
*P<0.05.
**P<0.01.
***P<0.001.
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25(OH)D; Table 3). However, no significant differences were observed 
in Klt, 25(OH)D or Hcy levels among MSA and PD patients (Table 3).

After dividing the data by gender, the male and female MSA patients 
showed significantly higher serum level of Hcy, compared to those of the 
male/female healthy subjects (19.2±4.92 vs 12.6±3.80, ***P<.001 for 
male; 15.6±5.53 vs 11.8±3.25, **P=.002 for female, Table 4, Figure 1C). 
Interestingly, significantly lower plasma Klt levels were observed in 
MSA male/female patients compared to male/female healthy subjects 
(2.29±1.07 vs 3.19±1.10, **P=.007 for male; 2.53±1.26 vs 3.01±1.56, 
*P=.029 for female, Table 4, Figure 1A). Furthermore, the male and fe-
male MSA patients exhibited lower serum level of 25(OH)D, compared 
to normal male/female patients (34.2±14.3 vs 68.2±16.5, **P=.005 for 
male; 40.1±12.9 vs 61.8±15.4, **P=.009 for female, Table 4, Figure 1B). 
Additionally, compared with female patients, decreased serum levels of 

25(OH)D were observed in male MSA patients (34.2±14.3 vs 40.1±12.9, 
**P=.005, Table 4); while the male MSA patients exhibited higher serum 
levels of Hcy compared to female patients with MSA (19.2±4.92 vs 
15.6±5.53, **P=.003, Table 4). However, the male and female MSA pa-
tients exhibited similar trend for the serum levels of Klt (Table 4).

3.3 | Comparison of Klt/25(OH)D/Hcy between 
MSA and PD patients based on genders

When focusing on the differences between MSA and PD patients, 
we found serum Klt, 25(OH)D and Hcy levels in male MSA patients 
were significantly higher than those in male PD patients (2.29±1.07 
vs 1.71±1.05, *P=.044 for Klt; 34.2±14.3 vs 29.1±15.0, *P=.047 for 
25(OH)D; 19.2±4.92 vs 15.2±5.48, **P=.002 for Hcy), while Klt, 

TABLE  4 Comparison of Klt, 25(OH)D, and Hcy between MSA patients and healthy controls based on gender

Variable MSA (mean±SD) Control (mean±SD)

MSA vs control MSA (male) vs (female)

Value P Value P

Klt Male 2.29±1.07 3.19±1.10 −3.86 0.007**,a 0.98 0.438

Female 2.53±1.26 3.01±1.56 −2.54 0.029*,b

25(OH)D Male 34.2±14.3 68.2±16.5 −2.78 0.005**,b 2.86 0.005**,b

Female 40.1±12.9 61.8±15.4 −2.12 0.009**,a

Hcy Male 19.2±4.92 12.6±3.80 3.57 <0.001***,a 3.24 0.003**,b

Female 15.6±5.53 11.8±3.25 3.02 0.002**,b

aStudent’s t test.
bMann-Whitney U test.
*P<0.05.
**P<0.01.
***P<0.001.

F IGURE  1 Comparison of Klt, 25(OH)D, and Hcy levels between MSA patients and healthy controls, according to gender. (A) Comparison of 
Klt level between control and MSA groups. MSA (male) vs control (male), **P=0.007; MSA (female) vs control (female), *P=0.029. (B) Comparison 
of 25(OH)D level between control and MSA groups. MSA (male) vs control (male), **P=0.005; MSA (female) vs control (female), **P=0.009. 
(C) Comparison of Hcy levels between control and MSA groups. **MSA (male) vs control (male), ***P<0.001; MSA (female) vs control (female), 
**P=0.002; MSA (male) vs MSA (female), **P=0.003
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25(OH)D, and Hcy levels displayed no significant differences between 
female MSA and female PD patients (Table 5).

3.4 | Correlations between Klt, 25(OH)D and HCY 
Levels and clinical assessing scales

As shown in Table 6, we performed Spearman’s correlation analysis to 
identify the relationship between the inflammatory-related cytokines 
and clinical parameters in MSA patients. The serum Klt levels were 
negatively correlated with age, UMSARS (total), UMSARS-I, Schwab 
& England, H&Y and Webster and positively correlated with MMSE. 
In terms of the burdens of NMSS, the serum Klt levels were nega-
tively correlated with NMS burdens of mood, attention, cardiovas-
cular domain, and urinal domain. Meanwhile, plasma 25(OH)D was 
positively correlated MMSE and reversely correlated with UMSARS 
(total), UMSARS-II, H&Y, Schwab & England and Webster in MSA 
patients. For the domains of NMSS, negative correlations were also 
observed between 25(OH)D and NMS burden of mood as well as at-
tention. Additionally, the serum Hcy levels were positively correlated 
with H&Y, NMS burden of cardiovascular domain, and negatively 
correlated with MMSE. Table 6 also reveals that 19 patients (MSA-P 
subtype) were administrated with l-dopa. Nevertheless, there was 
no significantly correlation between l-dopa and serum levels of Klt, 
25(OH)D or Hcy. Our results demonstrated that treatment of l-dopa 
in MSA patients has no impact on the validation of Klt/25(OH)D/Hcy 
evaluation for MSA.

3.5 | The ROC analysis of Klt, 25(OH)D and Hcy 
in the diagnosis of MSA

We performed a ROC curve to examine whether Klt, 25(OH)D, and Hcy 
could discriminate MSA patients from normal subjects. An area under the 
curve (AUC) value of .79 (***P<.001, Figure 2A) was showed in the ROC 
of Klt analysis; the cutoff was at 2.68 μmol/L (sensitivity: 57%, specificity: 
83%). The AUC of Hcy was .66 (***P<.001, Figure 2C); the cutoff was 

at 18.4 μmol/L (sensitivity: 64%, specificity: 79%). Due to the AUC of 
25(OH)D was .56 (P=.230, Figure 2B), serum 25(OH)D alone could not 
differentiate the MSA patients from normal subjects. Furthermore, the 
AUC of the combination of Klt, 25(OH)D, and Hcy was .87 (***P<.001, 
Figure 2D), indicating that the combination of Klt, 25(OH)D and Hcy had 
the best performing ROC curve for distinguishing MSA patients from 
healthy subjects (cut off: .51, sensitivity: 74%, specificity: 65%).

3.6 | The ROC analysis of Klt, 25(OH)D and Hcy 
in distinguishing male MSA patients from male 
PD patients

We found serum Klt, 25(OH)D, and Hcy levels in male MSA patients 
were significantly higher than those in male PD patients (Table 5), 
which allowed distinguishing male MSA patients from male PD pa-
tients by ROC curves. An area under the curve (AUC) value of .76 
(***P<.001, Figure 2E) was showed in the ROC of Klt analysis; the cut-
off was at 2.01 μmol/L (sensitivity: 65%, specificity: 73%). The AUC of 
Hcy was .64 (**P<.01, Figure 2G); the cutoff was at 17.3 μmol/L (sen-
sitivity: 55%, specificity: 69%). Due to the AUC of 25(OH)D was .57 
(P=.125, Figure 2F), serum 25(OH)D alone could not differentiate male 
MSA patients from male PD patients. Furthermore, the AUC of the 
combination of Klt, 25(OH)D and Hcy was .81 (***P<.001, Figure 2H), 
indicating that the combination of Klt, 25(OH)D and Hcy had the best 
performing ROC curve for distinguishing male MSA patients from male 
PD patients (cut off: .45, sensitivity: 71%, specificity: 78%).

4  | DISCUSSION

Several interesting results were found in our study. Firstly, we found 
MSA patients, particularly in male patients, had decreased serum 
levels of Klt and 25(OH)D and increased serum levels of Hcy com-
pared to healthy subjects. Secondly, significant correlations were ob-
served between serum Klt, 25(OH)D, and Hcy levels and the severity 

Variable MSA (mean±SD) PD (mean±SD)

MSA vs PD

Value P

Klt

Gender Male 2.29±1.07 1.71±1.05 2.05 0.044*,a

Female 2.53±1.26 2.41±1.98 0.29 0.774

25(OH)D

Gender Male 34.2±14.3 29.1±15.0 2.00 0.047*,b

Female 40.1±12.9 37.2±12.7 0.94 0.349

Hcy

Gender Male 19.2±4.92 15.2±5.48 3.17 0.002**,a

Female 15.1±5.53 14.1±5.19 0.75 0.455

aStudent’s t test.
bMann-Whitney U test.
*P<0.05.
**P<0.01.

TABLE  5 Comparison of Klt, 25(OH)D, 
and Hcy between MSA and PD patients 
according to genders
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of MSA, including cognition impairment, motor dysfunction, mood/
cardiovascular disorder. Thirdly, the ROC curve analysis showed that 
the combination of Klt, 25(OH)D, and Hcy significantly improves the 
diagnostic ability to discriminate MSA patients from healthy subjects, 
as well as distinguishing male MSA patients from male PD patients. 
As far as we know, this is the first study to explore changes in the 
serum levels of Klt/25(OH)D/Hcy in MSA patients and to evaluate the 
potential relationships between serum Klt/25(OH)D/Hcy levels and 
the severity of MSA. Our findings suggested that serum Klt, 25(OH)D, 
and Hcy may underlie the pathophysiological mechanisms of MSA and 
could be used to evaluate the disease severity in MSA.

The pathogenic mechanisms underlying MSA remain unclear. 
Thus, it is important to investigate potential biomarkers which may 

be implicated in the pathogenesis of MSA and could be used to assess 
the outcomes and severity of the disease. Several lines of evidence 
showed that inflammatory responses occurred during dopaminer-
gic neurons degeneration, while anti-inflammatory activities are also 
triggered at the mean time.10,33-35 Previous studies indicated that 
inflammatory mediators including Klt/25(OH)D/Hcy may be used as 
predictors to evaluate the prevalence of PD and AD.23,36-40 Therefore, 
we conducted this study to investigate whether these inflammatory 
mediators could also be potential and reliable biomarkers for MSA 
evaluation. In the present study, we explored the correlation between 
serum of Klt, 25(OH)D, Hcy, and disease severity. We also identified 
the predictive value of these inflammatory mediators and their com-
bination for distinguishing patients with MSA from healthy controls.

Until now, the role of Klt in the central nervous system remains 
unclear. It has been documented that the absence of Klt in mice leads 
to an increase of oxidative stress and inflammatory response in the 
central nervous system, leading to motor neuron degeneration and 
impairment of cognitive function.13,41,42 Our data indicated serum klt 
levels significantly differ in patients with PD patients, MSA patients, 
and healthy controls. The Klt levels exhibited a downward trend in 
MSA, when compared to the healthy controls. Our study is contrast 
to the alteration of serum klt levels in multiple sclerosis (MS),43 shown 
by decreased levels of Klt in MSA/PD and increased levels in MS. 
Significantly lower plasma Klt levels in MSA/PD patients implied that 
Klt may attribute to the pathogenesis of the disease.16,44 Recently, 
25(OH)D has gained much attention due to its crucial role in the 
pathological mechanism of PD.21,22,28 Other reports have revealed that 
25(OH)D deficiency may lead to a high risk of developing MS.28,45,46 
Consistent with these reports, we found that in MSA patients exhib-
ited lower serum 25(OH)D levels than healthy controls. Interestingly, 
MSA and PD patients had no significant difference in serum Klt and 
25(OH)D levels. These results were in accordance with the view that 
MSA share neuropathogeneses similarities with PD. Our data further 
suggest that Klt and 25(OH)D may act as a neuroprotective role in 
MSA and PD via attenuating inflammation.14,15,20,21 Therefore, in the 
assessment and diagnosis of MSA/PD, klt and 25(OH)D were found to 
be suitable in this study.

Previous studies have showed that serum levels of Hcy have a 
close correlation with dopaminergic neurodegeneration in AD and 
PD.47,48 Similar to these reports, significant higher plasma Hcy levels 
were observed in MSA and PD patients compared with healthy sub-
jects. The high concentrations of Hcy imply that Hcy may participate 
in the pathological mechanism of MSA and PD. To our knowledge, Hcy 
involves in the pathogenesis of MSA via mediating inflammation re-
sponse.49,50 Therefore, Hcy may be a possible modifier in MSA and PD.

After dividing the subjects based on gender, we observed several 
interesting findings in MSA patients (Table 4; Figure 2). The male MSA 
patients showed lower concentrations of 25(OH)D and higher serum 
Hcy levels compared to female MSA patients. This finding suggests 
that 25(OH)D and Hcy may be more valuable in assessing males MSA 
patients. The physiological associations among 25(OH)D and Hcy and 
sex-specific hormones metabolism may be partly contributed to a 
higher risk of developing MSA in men.38,51,52 We also observed the 

TABLE  6 Correlations between clinical parameters and H&Y, 
MMSE assessing scales

Variable

Klt 25(OH)D Hcy

r P r P r P

Age −0.22** 0.001 0.13 0.647 0.15 0.560

UMSARS 
(total)

−0.13** 0.007 −0.39** 0.001 0.22 0.063

UMSARS (I) −0.21* 0.048 −0.20 0.355 0.27 0.256

UMSARS (II) −0.04 0.745 −0.26* 0.036 0.18 0.247

UMSARS (IV) −0.05 0.445 −0.04 0.445 0.22 0.263

H&Y −0.32** 0.002 −0.40** 0.001 0.35* 0.019

MMSE 0.39** 0.005 0.42** 0.008 −0.38** 0.008

PDSS −0.06 0.642 −0.04 0.88 −0.03 0.873

NMSS −0.05 0.531 −0.05 0.462 0.04 0.978

Cardiovascular −0.31* 0.016 −0.20 0.355 0.36* 0.015

Sleep/fatigue −0.48 0.084 −0.04 0.526 0.53 0.063

Mood −0.36* 0.018 −0.38* 0.014 0.09 0.892

Perceptual 
problem

−0.21 0.198 −0.04 0.831 0.07 0.263

Attention/
memory

−0.12* 0.014 −0.34* 0.024 0.03 0.850

Gastrointestinal −0.22 0.193 −0.11 0.085 −0.18 0.641

Urinary −0.34* 0.034 −0.21 0.198 0.04 0.985

Sexual 
function

−0.23 0.187 −0.26 0.145 0.04 0.846

Miscellaneous −0.03 0.343 −0.15 0.382 0.01 0.902

Schwab & 
England

−0.37* 0.012 −0.39** 0.007 0.01 0.168

Webster −0.36* 0.015 −0.29* 0.025 0.10 0.485

Daily dose of 
l-Dopa (mg)

−0.16 0.230 −0.01 0.627 0.13 0.353

rs, Spearman’s rank correlation coefficient; H&Y, the modified Hoehn and 
Yahr staging scale; UMSARS, Unified Multiple system atrophy Rating 
Scale; PDSS, PD Sleep Scale; Webster, Webster Scale; Schwab & England, 
the Schwab & England Activities of Daily Living Scale; MMSE, mini-mental 
state examination; NMSS, nonmotor symptoms scale.
*P<0.05.
**P<0.01.
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male MSA patients exhibited lower serum klt compared to female 
MSA patients; however, this downward trend was no statistically sig-
nificant. We then examined the differences between MSA and PD 
patients. Despite the three serum biomarkers exhibited no difference 
between the two groups, serum Klt, 25(OH)D and Hcy levels in male 
MSA patients were higher than those in male PD patients (Table 5), 
indicating the difference of Klt, 25(OH)D and Hcy between MSA and 
PD patients was more significant in men. Subsequently, serum Klt, 
25(OH)D and Hcy levels may be potential indicators for differentiating 
between MSA from PD patients in men.53,54

In MSA patients, Klt and 25(OH)D levels were inversely correlated 
with age, UMSARS, H&Y, Schwab & England, Webster and NMSS (mood 
and attention/memory) and a positive correlation with MMSE. These 
results suggest that Klt and 25(OH)D influence the motor/nonmotor 
function and cognitive impairment of MSA patients. Previous studies 
have indicated that Klt may increase risk of several age-dependent dis-
eases.13,55 Semba et al.56 indicated that the decreased serum level of 
Klt was independently correlated to weaker muscle strength. Kuro-o 
et al.13 demonstrated that aging-associated disorders occurred ear-
lier in Klt-knockout mice compared with wild-type mice, for example, 
dementia, decreased bone mineral density, sterility. Similar to this 
report, we observed that the serum Klt was inversely correlated to 
age/H&Y/UMSARS/UMSARS-I/Schwab & England/Webster in the 
MSA group, further indicating that low serum level of Klt in MSA 
patients may attribute to motor dysfunction and aging. Correlations 

were also previously found between lower serum 25(OH)D and higher 
total UPDRS scores in PD patients at baseline and during follow-up.38 
A double-blind trial conducted by Suzuki et al.57 demonstrated that 
25(OH)D3 supplementation may participate in protecting PD patients 
from deterioration of the H&Y stage. Similarly, we found that 25(OH)D 
and total H&Y/UMSARS/UMSARS-II/ADL/Webster scale scores were 
inversely correlated, which demonstrated that 25(OH)D may contrib-
ute to the deterioration of motor dysfunction and MSA progress. In 
addition, we observed that Klt and 25(OH)D are statistically signifi-
cant correlated with NMS burdens of mood in MSA patients (Table 6). 
Specifically, Klt and 25(OH)D have a negative association with mood 
and attention/memory, and a positive correlation with MMSE in MSA 
patients, further indicating that mood and attention/memory disorders 
may be targets for assessment by serum levels of Klt and 25(OH)D. In 
agreement with our notions, several studies have also reported that 
Klt deficiency and a low level of 25(OH)D was associated with mood, 
memory deterioration, and cognitive dysfunction.57,58 Consistent with 
previous reports,59,60 we also found that plasma levels of Klt have a 
significant negative correlation with the cardiovascular and urinary 
domains in MSA patients. Our results suggest that Klt level may be 
used as a potential predictor for cardiovascular and urinary disease. 
Interestingly, Hcy was positively correlated with H&Y and cardiovas-
cular domain of NMSS scores and negatively correlated with MMSE 
score in MSA patients, implying that Hcy plasma levels might be used 
to evaluate the severity and the cognitive status of MSA patients.26,61 

F IGURE  2 The ROC analysis of Klt, 25(OH)D, and Hcy in diagnosis of MSA and discrimination of male MSA patients from male PD patients. 
(A–D) The ROC curves of Klt, 25(OH)D, and Hcy in distinguishing MSA patients from normal subjects. The AUC of ROC curves for (A) Klt, 
(B) 25(OH)D, and (C) Hcy was .79 (***P<0.001), .56 (P=0.230), and .66 (***P<0.001), respectively. The AUC of (D) Klt+25(OH)D+Hcy was .87 
(***P<0.001); (E–H) The ROC curves of Klt, 25(OH)D and Hcy in differentiating male MSA patients from male PD patients. The AUC of ROC 
curves for (E) Klt, (F) 25(OH)D, and (G) Hcy was .76 (***P<0.001), .57 (P=0.152), and .64 (**P<0.01), respectively. The AUC of (H) Klt+25(OH)
D+Hcy was .81 (***P<0.001)
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Our findings demonstrated that Klt, 25(OH)D, and Hcy may attribute 
to the prevalence and deterioration of MSA.

Our ROC curve data indicated an acceptable sensitivity and 
specificity for Klt, 25(OH)D and Hcy in distinguishing MSA patients 
from healthy subjects, as well as distinguishing male MSA patients 
from male PD patients. Klt displayed more reliable diagnostic ability 
when compared to 25(OH)D and Hcy (Figure 2). Notably, the com-
bination of Klt, 25(OH)D and Hcy exhibited a better distinguishing 
ability in distinguishing MSA patients from healthy subjects and dif-
ferentiating male MSA patients from male PD patients, compared 
with Klt, 25(OH)D, or Hcy alone. However, serum levels of Klt, 
25(OH)D, and Hcy still have a significant overlap between MSA and 
healthy controls. Our results imply that Klt, 25(OH)D, or Hcy alone is 
not reliable for detecting MSA or distinguishing MSA patients from 
PD patients.

Our study has several limitations: (i) Sample size of subjects was 
small (53 MSA, 65 PD, and 62 healthy controls); (ii) due to the limitation 
of the cross-sectional study, longitudinal cohort studies are needed in 
the future to explore the alterations of the three serum biomarkers (Klt, 
25(OH)D, and Hcy) during the disease progression in MSA and PD. In 
addition, the causal relationships among Klt, 25(OH)D, and Hcy were not 
established in our study, further investigation is necessary to examine 
their causality; (iii) the MSA patients in the early stages of H&Y, with 
sufficient cognitive ability (MMSE score: 25.7±3.27) were recruited; 
(iv) genetic modifiers, for example, the Klotho genotype and folate or 
vitamin D medication were not examined in our study; this relatively 
narrowed the sample size of subjects in our study. Therefore, due to the 
exploratory nature of our study, comprehensive studies are necessary to 
conduct in the future.

In conclusion, our study supports the hypothesis that neuroin-
flammation participate in the pathogenesis of MSA. The inflammatory 
mediator Klt, 25(OH)D, and Hcy are potential biomarkers. Low serum 
levels of Klt and 25(OH)D and high serum levels of Hcy may have a risk 
for motor and nonmotor dysfunctions. Moreover,the combination of 
serum Klt, 25(OH)D, and Hcy exhibited a better diagnostic ability for 
distinguishing MSA patients from normal subjects and differentiating 
male MSA patients from male PD patients. Based on our findings, we 
propose that serum Klt, 25(OH)D, and Hcy may underlie the patho-
physiological mechanisms of MSA and could be used to evaluate the 
severity of these diseases.
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