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Abstract

Background
Parkinson’s disease (PD) is a neurodegenerative disease second only to Alzheimer’s disease and is clinically
characterized by a series of motor and non-motor symptoms. The latter often appear before motor symptoms, while
cognitive impairment mostly occurs within a few years after the diagnosis of PD. We Aimed to predict the risk factors
of cognitive impairment in PD patients based on transcranial sonography, clinical symptoms, and demographic
characteristics. Independent-sample t-test was used for continuous data, and chi-square test was used for countable
data. According to the occurrence time of cognitive impairment (CI), 172 PD patients were divided into non-CI (N-CI,
n=48), CI at the �rst treatment (F-CI, n=58), and CI at the last treatment (L-CI, n=66). The age of onset, �rst treatment
and smoking history of CI patients were signi�cantly different from those with N-CI. When age of �rst treatment ≥61
years was considered the boundary value to diagnose CI, the sensitivity and speci�city were 77.40% and 66.70%,
respectively. At the �rst treatment, there was signi�cant difference in depression between F-CI and N-CI. At the last
treatment, the cumulative and new or aggravated hypomnesia of L-CI was signi�cantly more than that of N-CI. There
was signi�cant difference in TCS grading between the �rst- and last treatment in L-CI. Depression, sexual dysfunction,
and olfactory dysfunction were independent risk factors for CI during the last treatment, while memory impairment was
an independent risk factor for CI during the entire treatment. The sensitivity and speci�city of predicting CI in PD
patients were 81.80% and 64.60%, respectively. The older the age of onset and treatment of PD patients, the more likely
they were to have CI. Hypomnesia, depression, sexual dysfunction, and olfactory dysfunction can be used as
independent risk factors to predict CI in PD patients.

Introduction
Parkinson’s Disease (PD) is a progressive neurodegenerative disorder, which is characterized by bradykinesia, resting
tremors, and rigidity. Autopsy is the gold standard for the diagnosis of PD, therefore the clinical diagnosis of PD is
generally based on detailed and accurate clinical data1, which can be divided into clinically established PD and
clinically probable PD. The former denotes that there are at least two supportive criteria in the absence of absolute
exclusion criteria and red �ags, while the latter refers to the presence of red �ags balanced by supportive criteria
without absolute exclusion criteria, and no more than two red �ags2. Motor symptoms (MS) are the core feature of PD
diagnosis, but non-motor symptoms (NMS) often appear before MS, and are considered as a new diagnostic
classi�cation, called prodromal PD3. NMS include mental symptoms (e.g., cognitive impairment, somnipathy,
depression); autonomic symptoms (e.g., salivation, dysuria, constipation); and sensory abnormalities (e.g., pain and
dysosmia)4. NMS are not only related to the early diagnosis of PD but also closely related to the prognosis. Malpetti et
al.5 suggest that apathy can predict cognitive decline before the onset of dementia.

Dementia is mostly associated with diseases of the central nervous system (CNS)6, has varied etiology, and is
characterized by mental decline and personality changes in varying degrees. In PD patients with a history of over 10
years, the incidence rate of dementia exceeds 75%. Mild cognitive impairment (MCI) refers to a transitional stage in PD
patients who have cognitive impairment but do not develop PD dementia (PDD). It is also an important factor in the
disability rate in PD7. Janvin et al.8 have shown that almost all patients with MCI will eventually meet the diagnostic
criteria of PDD. Therefore, early identi�cation of potential risk factors of MCI and prediction of PDD in PD patients are
crucial for clinical diagnosis and treatment.

Substance nigra hyper-echogenicity (SNH) in transcranial sonography (TCS) is common in most PD patients, and has
high sensitivity and speci�city. However, SNH can still occur in normal subjects or in other CNS-related diseases such
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as Gaucher’s disease9. At present, the mechanism of hyper-echogenicity is still unclear. Some studies have shown that
the formation of hyper-echogenicity may be related to the deposition of ferritin9–12, which has been veri�ed by
quantitative susceptibility mapping13. Additionally, the hyper-echogenicity range is positively correlated with the
extinction degree of the SN dopaminergic neurons, and the activation of microglia is related to the formation of hyper-
echogenicity14.

Many studies have reported the use of imaging examination such as positron-emission tomography (PET) and
magnetic resonance imaging (MRI) combined with genetic analysis and cerebrospinal �uid (CSF) and clinical
characteristics to predict the early diagnosis, progression, or risk factors of CI in PD15–19. To our knowledge, there are
few reports on the prediction of PD using TCS combined with clinical data, and the application is limited20–23. As a
real-time, simple, economic, non-radioactive examination method, TCS plays an important role in the diagnosis and
follow-up of PD patients24. However, it is affected by the temporal window and may not be applicable to all PD
patients. Therefore, we aimed to use the results of at least two TCS imaging studies, change of clinical symptoms, and
demographic data to evaluate and predict the possibility and risk factors of CI and dementia in PD patients.

Materials And Methods
Ethics declarations

Ethics approval and consent to participate

The Ethics Committee of the Beijing Tiantan Hospital A�liated to Capital Medical University (Beijing, China) approved
the study protocol. The study was carried out according to the tenets of the Declaration of Helsinki. All patients
provided oral or written informed consent to participate in our study.

Data collection and patient information

Data was collected from all inpatients admitted to the Ward of Dyskinesia and Cognitive Disorders, Beijing Tiantan
Hospital A�liated to Capital Medical University, from April 2019 to April 2021. In all, 988 of the 1,540 inpatients were
excluded because of Parkinson’s syndrome, essential tremor (ET), progressive supranuclear palsy (PSP), multiple
system atrophy (MSA), vascular PD, and Alzheimer’s disease. The remaining 552 patients were clinically diagnosed
with PD. Of these patients, 335 had only one hospitalization experience. Of the remaining 217 patients, 18, 15, and 12
patients who had incomplete TCS results, incomplete clinical history, and a <6-month interval between two
hospitalizations, respectively, were excluded. Finally, 172 eligible patients with PD were included in this study.

The inclusion criteria were as follows: (i) The clinical diagnosis was PD, (ii) the MS and NMS records were complete,
(iii) TCS examination was completed during both hospitalizations, and the SN could be clearly displayed and graded
(during the hospitalization, the time between TCS and hospitalization was no more than 2 weeks), and (iv) the interval
time between two hospitalizations was ≥6 months.

The exclusion criteria were as follows: (i) The clinical diagnosis was non-PD, (ii) The SN of TCS examination was not
clear, and (iii) the clinical history was incomplete.

The process of the patient selection is shown in Figure 1.

Clinical data collection
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In this study, we collected the data regarding PD patients’ age, blood pressure, blood glucose, blood lipid, smoking
history, alcohol consumption history, history related to head injury and carbon monoxide poisoning, and duration of
disease. MS, NMS, and TCS at the time of �rst and last treatment were also recorded. 

All subjects underwent a thorough neurological examination including the motor part of the Uni�ed PD Rating Scale
(UPDRS-III). The Mini Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA) were used to
screen for CI. Pittsburgh Sleep Quality Index (PSQI) was used to evaluate sleep disorders, Hamilton Anxiety Scale
(HAMA) was used to evaluate anxiety, Hamilton Depression Scale (HAMD) was used to evaluate depression, and the
Drooling Severity and Frequency Scale (DSFS) was used to evaluate salivation. Postural hypotension was evaluated by
blood-pressure measurement in the supine position, 1 min, 3 min, and 5 min after standing up. According to a patient’s
history and >3 failures on the 12-item smell identi�cation test from Sni�n’ Sticks was used to evaluate olfactory
dysfunction. Brief Pain Inventory (BPI) was used to evaluate pain. Restless Legs Syndrome Severity Rating Scale
(RLSRS) was used to evaluate restless legs syndrome (RLS).

In this study, we only determined whether these clinical symptoms appeared or worsened. According to the score of the
last examination, the reduction or aggravation of the �rst clinical symptom was evaluated. The speci�c scoring results
are not provided in this article.

Transcranial sonography

The patient was placed in the supine position with full exposure of the temporal window. A Philips (Canon Aplio i900)
S5-1 MHz phased array probe was used for scanning, and the depth and brightness of the instrument were adjusted
according to the patient’s condition. Two sonographers with at least 5 years’ experience in the diagnosis of SN lesions
performed the ultrasound examination, and the hyperechoic areas of SN were depicted and measured in a double-blind
manner without knowing the patient’s clinical diagnosis. The echo of SN was graded according to Bartova et al. 25. The
speci�c classi�cation was as follows: Grade I: the same as that of the brainstem, Grade II: with scattered points and
thin lines slightly stronger than the brainstem, Grade III: with patches of moderate echogenicity but weaker than the
brain pool, Grade IV: with patches of hyper-echogenicity as the same as the brain pool, Grade V: with patches of hyper-
echogenicity stronger than the brain pool. Grades I and II were considered as normal SN, while grades III–V were
considered SNH.

Data analysis

Statistical analyses were performed using SPSS software (version 25.0, (IBM Corporation, Armonk, NY, USA). We
analyzed the demographic and basic clinical information of 172 PD patients. Continuous data were expressed as
mean±standard deviation (SD). Independent-samples t-test was used for the age of onset, age of �rst treatment, and
duration of disease. The sex and ethnicity family history, smoking history, drinking history, hypertension,
hyperlipidemia, diabetes, and history of head injury and carbon monoxide poisoning were analyzed by chi-square
test. Furthermore, we used chi-square test to analyze the clinical symptoms of PD patients with and without CI at the
�rst treatment, the accumulated and new or aggravated clinical symptoms at the last treatment.

Cohen’s kappa consistency test was used to evaluate the judgment and grading of hyperechoic results in the SN by two
sonographers. Those parameters with P<0.1 were included in the logistic regression analysis, and the ROC curve was
established to analyze the diagnostic e�ciency. Finally, the odds ratio (OR) was calculated for the clinical symptoms
and ultrasonic signs of dementia and non-dementia in patients with CI.

Results



Page 5/26

1. Clinical demographic results

The 172 PD patients were divided into three groups based on the time of appearance of CI: CI occurring at the �rst
treatment (F-CI, n=58), CI occurring at the last treatment (L-CI, n=66), and no CI during the entire duration of follow-up
(N-CI, n=48). In this study, the age of onset was equal to the age of �rst treatment minus the duration of disease. There
was signi�cant difference in the age of onset, age of �rst treatment, and smoking history between the N-CI and CI
groups (F-CI and L-CI), but no difference was noted between the F-CI and L-CI groups (Table 1).

We used single-factor ANOVA analysis for age of onset, age of �rst treatment, and duration of disease. The area under
the ROC curve (AUC) of age of �rst treatment was the largest (Figure 2). When the age of �rst treatment ≥61 years was
considered as the threshold value for PD diagnosis in patients with CI, the sensitivity and speci�city were 77.40% and
66.70%, respectively.

2. Comparison of MS and NMS among subgroups

2.1 Comparison of F-CI and N-CI, and Non-FCI (L-CI and N-CI) clinical symptoms at the �rst treatment

We carried out detailed statistical analysis on the clinical symptoms of PD patients at the �rst treatment and compared
the MS and NMS of F-CI and N-CI, F-CI and Non-FCI (Which refers to PD patients without CI at the �rst treatment,
including: L-CI and N-CI). As shown in Table 2, there was a signi�cant difference in depression between F-CI and N-CI,
which shows that the depression is more common in patients with CI at the �rst treatment than in those without CI
during treatments.

Upon comparing F-CI with N-CI, the P values of depression and anxiety were 0.047 and 0.087, respectively, which were
included in the logistics regression analysis.

2.2 Comparison of clinical symptoms at the �rst treatment and cumulative and newly added symptoms at the last
treatment between L-CI and N-CI

We compared the clinical symptoms of L-CI and N-CI at the �rst treatment. There was a signi�cant difference in
depression and olfactory dysfunction between the L-CI and N-CI groups (Table 3). Accordingly, we analyzed the new or
aggravated symptoms of L-CI and N-CI patients at the last treatment and compared the differences in the total clinical
symptoms. The results suggest that there is a signi�cant difference in total symptoms between L-CI and N-CI in
hypomnesia and reduced computing power (RCP). New or aggravated hypomnesia is more common in L-CI than in N-
CI (P=0.016).

Statistically signi�cant clinical symptoms (depression, olfactory dysfunction, hypomnesia, RCP, all P<0.05) and sexual
dysfunction and anxiety (0.05≤P<0.1) were included in the logistics regression analysis. 

3. Comparison of TCS results between the �rst- and last- examination

TCS was performed in PD patients during the �rst and last hospitalization. In almost all patients, the midbrain area,
hyperechoic area, and echo grading of the SN were recorded. Compared with the �rst TCS, the increased grade of SN in
PD patients was signi�cantly more than the decreased grading (P=0.001) (Figure3, Table 4).

There was no statistically signi�cant difference in the ultrasonic examination time interval among the three groups of
PD patients. Interestingly, there was a difference in the midbrain area between the last and the �rst examination in
patients with F-CI, but not in patients with L-CI and N-LC. The grading of the last TCS examination of L-CI was higher
than that of the �rst (P=0.023).   
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4. Logistics regression analysis 

The demographic differences of 172 patients with respect to age of onset, age of �rst treatment, and smoking history
were statistically signi�cant, which were included in the logistics regression analysis. Although the difference in the
change of the midbrain area within the group at the �rst- and last examination of F-CI was statistically signi�cant, there
were differences in the application of the midbrain area in our cross-sectional study. Therefore, it is di�cult to consider
the midbrain area as an index to measure the disease progress of patients. SNH is a relatively qualitative imaging
index. As a typical ultrasound manifestation of PD patients, it can represent the value of TCS in PD examination.
Therefore, we only included the different ultrasound grading of SN in the logistics regression analysis.  

4.1 Logistics regression analysis of the demographics and clinical symptoms of F-CI and N-CI

The results showed that the age of onset, age of �rst treatment, smoking history, anxiety, and depression were not
independent risk factors for CI in PD patients at the �rst treatment (Table 5).

The ROC was established according to the logistics regression analysis results of F-CI and N-CI (Fig. 4), and the AUC
was 0.770. The sensitivity and speci�city of identifying PD patients with CI at the �rst treatment were 83.10% and
68.70%, respectively.

4.2 Logistics regression analysis of demographics, �rst clinical symptoms, and �rst ultrasound grading of L-CI and N-CI

There were statistically signi�cant differences in depression, sexual dysfunction, and olfactory dysfunction between L-
CI and N-CI patients, indicating that these signs are independent risk factors in identifying PD patients without CI at the
�rst treatment and whether CI will occur later (Table 6).

The ROC was established according to the logistics regression analysis results of L-CI and N-CI (Fig. 5), and the AUC
was 0.793. The sensitivity and speci�city of predicting CI in PD patients were 81.8% and 64.6%, respectively.

5.3 Logistics regression analysis of cumulative clinical symptoms, last ultrasound grading, and demographics of
patients with L-CI and N-CI at the last treatment

Only hypomnesia was an independent risk factor for CI in PD patients, while the last ultrasound grading was not an
independent risk factor (Table 7).

The ROC was established according to the logistics regression analysis results of L-CI and N-CI (Fig. 6), and the AUC
was 0.783. The sensitivity and speci�city of identifying PD patients with cognitive impairment at the last treatment
were 59.1% and 85.4%, respectively.

5. Risk factors of PDD in patients with cognitive impairment

Although it is reported that patients with CI will eventually meet the diagnostic criteria of dementia9, only some patients
were �nally diagnosed with PDD or dementia during the follow-up period in our study. Therefore, we analyzed the
clinical and ultrasound odds ratio (OR) of PDD and non-PDD to identify the risk factors of dementia in patients with CI.
An OR=1 indicates that this factor has no effect on the occurrence of disease, OR>1 indicates that the factor is a risk
factor, OR<1 indicates that the factor is a protective factor (Table 8).

In PD patients with CI, the risk of dementia increased 5.882 times with RCP. Moreover, rigidity and olfactory dysfunction
are also risk factors for dementia, 2.091- and 1.987-times higher than in N-PDD patients, respectively. However, drinking
history, somnipathy, and sexual dysfunction were protective factors for dementia in PD patients with CI.
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Discussion
Parkinson’s disease is a common and complex neurological disease, with unclear pathogenesis. Dopaminergic neuron
death in the SN pars compacta is an important pathological change in PD26,27. The resultant dopamine de�ciency
within the basal ganglia leads to a movement disorder, which is characterized by classical parkinsonian MS. The MS
and NMS in patients with PD are heterogeneous, which prompted correct understanding of PD. NMS are closely related
to the decline of quality of life in PD patients, and it may appear decades earlier than MS28,29. Some studies suggest
that there are differences in NMS between men and women. Men are more likely to show more sexual dysfunction,
forgetfulness, and dream re‐activation, whereas females report more unexplained weight change and anxiety30. In this
study, there was no signi�cant difference in follow-up time among the three groups (interval time, P=0.232). Therefore,
it can be considered that the difference of MS and NMS in the three groups was not related to the length of follow-up
time.

In this study, we conducted a univariate analysis of demographic characteristics. According to the statistical results, it
was clear that there are differences in the age of onset, age of �rst treatment, and smoking history between patients
with CI and N-CI. The older the age of PD onset, the greater the likelihood of developing CI. When the age of �rst
treatment in PD patients was taken as ≥61 years, the sensitivity and speci�city of diagnosing CI were 77.40% and
66.70%, respectively. At present, studies have con�rmed that age is the most relevant predictor of CI in PD patients, and
our results are consistent with this report31,32. Smoking history is also related to the occurrence of CI. Our research
results showed that the overall comparison difference among the three groups of patients was statistically signi�cant.
In the pairwise comparison, only N-CI and L-CI had signi�cant differences in smoking history, indicating that the
smoking history of PD patients with CI in the last treatment was higher than that of N-CI patients. Current studies
suggest that smokers have a lower risk of PD, which may be related to some yet unknown effects of tobacco leaves33-

35. Smoking history is a risk factor for CI in PD patients, and the relative risk ratio is approximately 1.3136, which is
consistent with our research. Therefore, it appears that smokers have a low risk of PD, but PD patients with smoking
history are more prone to CI than PD patients without smoking history. When analyzing the OR of dementia in PD
patients, it was found that smoking history was a protective factor for dementia in patients with CI (OR<1). Therefore,
smoking history plays a protective, dangerous, and protective role in the onset of Parkinson’s disease, CI, and dementia.

In this study, we made a detailed statistical analysis of MS and NMS in PD patients. There was signi�cant difference in
depression between N-CI and F-CI at the �rst treatment, indicating that PD patients with CI were more likely to be
accompanied by depression. Depression is very common in PD. Many studies have shown that depression, apathy, and
CI have a serious impact on the quality of life of PD patients37‐41. However, in the results of logistics regression
analysis, depression is not an independent risk factor for CI in PD patients at the �rst treatment. When analyzing the
clinical symptoms of L-CI and N-CI at the �rst treatment, we obtained the same results. The difference in depression
between the two groups was statistically signi�cant. Therefore, PD patients with depression are more prone to CI, thus,
early intervention for PD patients with depression is of clinical value42,43. In this study, the proportion of PD patients
with CI accompanied by depression at the �rst treatment was 36.21% (21/58), which was similar to the results of a
previous meta-analysis (25 40%)44. In our study, there were signi�cant differences between olfactory dysfunction at the
�rst treatment of N-CI and L-CI, and the results of logistic regression analysis showed that olfactory dysfunction,
depression, and sexual dysfunction were independent risk factors for CI in PD patients. Logistic regression analysis
showed that the sensitivity and speci�city of predicting cognitive impairment in PD patients were 81.80% and 64.60%,
respectively. The sensitivity of identifying PD patients with CI at the �rst treatment was 83.10%, and the speci�city of
identifying PD patients with CI at the last treatment was 85.40%. Olfactory dysfunction often occurs decades before
MS and CI. It is considered a clinical marker in the early stage of CNS disorders and is related to disease progression
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and CI45. There are relatively few studies on sexual dysfunction in PD. At present, studies have reported that PD
patients are more likely to suffer from sexual dysfunction than normal people46,47. In our study, we found that sexual
dysfunction is an independent predictor of N-CI in PD patients, and sexual dysfunction is a protective factor for
dementia in patients with cognitive impairment (OR=0.350). Therefore, we can speculate that sexual dysfunction plays
a protective role in the progression of PD, which may be related to the level of sex hormones. Estrogen is accumulated
in PD patients with sexual dysfunction, and estrogen is considered to have neuroprotective effects48,49.

In this study, there was a difference in the cumulative frequency of RCP and hypomnesis between L-CI and N-CI at the
last treatment, but only hypomnesis was an independent risk factor for CI at the last treatment. In the last treatment of
L-CI patients, only new or aggravated hypomnesis was statistically signi�cant compared with N-CI, indicating that PD
patients with hypomnesis are more prone to CI than those without hypomnesis. Moreover, hypomnesis is also a risk
factor for dementia in patients with CI (OR=1.216).

Cognitive impairment is the most common and important NMS. The timing, characteristics, and rate of CI vary greatly
among individuals with PD. Moreover, several studies have shown that CI is a precursor of PDD50-52. Therefore, it is
important to identify which clinical and imaging manifestations may be related to the occurrence of dementia in PD
patients with CI. We used OR to identify the risk factors of dementia in patients with CI. As OR>1 indicates that the sign
is a risk factor for dementia in patients with CI. Whereas, as OR<1 is de�ned as a protective factor. In our study, male
sex, hyperlipidemia, hypertension, diabetes, rigidity, hypomnesis, RCP, anxiety, apathy, constipation, postural
hypotension, salivation, olfactory dysfunction, RLS, and SNH were risk factors for PDD in patients with CI.

Limitations

First, almost all patients were hospitalized when their clinical symptoms became obvious or affected their quality of
life. The duration of this precursor stage was different, resulting in some patients’ clinical symptoms or treatment
measures deviating from the real situation in the process of history taking. Although there was no signi�cant difference
in the follow-up time among the three groups, the follow-up time of each patient was different. The difference between
individuals cannot be ignored. Some patients with short follow-up period may not have CI or dementia at present, but
this does not mean that these patients will not develop CI or dementia in the future. Second, the compliance of patients
was poor. Many patients were not treated according to the doctor's order during discharge, which makes us unable to
accurately evaluate the therapeutic effect of drugs. Therefore, the impact of drug use on whether PD patients have CI or
PDD needs further long-term follow-up in a larger sample size. Finally, this study is a retrospective analysis, hence,
selection bias cannot be avoided.

Expectation

As a real-time, simple, and noninvasive imaging technique, ultrasonography has advantages in the diagnosis and
follow-up of PD patients. Moreover, TCS can not only directly display the SNH but also display brainstem raphe53, and
abnormal reduction in brainstem raphe echogenicity is associated with depression and anxiety54. However, the red
nucleus and SN cannot be accurately distinguished on TCS images, therefore it is impossible to accurately locate the
hyperechogenic site. In future research, fusion imaging with MRI and TCS55,56 can be used to locate and identify the
hyperechogenic site and further analyze the relationship between SNH and MS and NMS. 

Conclusions
Patients with PD with CI are older and often have smoking history, which is a protective factor for the onset of PD and
dementia. Hypomnesis, depression, sexual dysfunction, and olfactory dysfunction are independent risk factors for CI in
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PD patients. The sensitivity and speci�city of predicting CI in PD patients by logistic regression analysis was 81.8%
and 64.6%, respectively. The incidence of dementia in CI patients with RCP, olfactory dysfunction, nonchalance, and
SNH was 5.882-, 1.987-, 1.390-, and 1.208-times higher than that in patients without related manifestations.
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Tables
Table 1. Demographic and clinical characteristics
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  N-CI (n = 48) F-CI (n = 58) L-CI (n = 66) P

Age of onset (years)

Mean ± SD

14-77

(53.20±11.29)

47-73

(60.08±4.78)

32.5-75

(59.82±10.28)

0.001a

0.862b

Age of �rst treatment

(years) Mean ± SD

29-78

(58.00±10.58)

51-78

(64.53±4.36)

33-80

(64.89±10.92)

0.001a

0.816b

Gender        

Male 34 35 46 0.429c

Female 14 23 20

Ethnicity        

Han 46 57 64 0.749e

Others 2 1 2

Family history 2 4 3 0.787e

Smoking history 9 15 29 0.010c/0.005cd

Drinking history 10 4 9 0.105e

Hypertension  17 20 27 0.727c

Diabetes 9 15 18 0.551c

Hyperlipidemia 10 11 14 0.948c

History of head injury 3 5 6 0.849e

History of carbon monoxide poisoning 6 5 11 0.407c

Duration of disease (years)

Mean ± SD

0.5-20

(4.80±4.38)

0.5-20 (4.46±4.14)  0.5-30

(5.08±5.19)

0.763a

a: Single factor ANQVA analysis

b: Independent sample t test, comparison of F-CI and L-CI

c: Chi square test

d: Comparison of N-CI and L-CI

e: Continuity correction of chi square test

 

Table 2. Comparison of clinical symptoms of patients with F-CI,

N-CI and N-FCI at the �rst treatment
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 clinical symptoms F-CI

(n = 58)

N-FCI

(n = 114)

N-CI

(n = 48)

P1 P2

MS       

 Bradykinesia 58 114 48 NA NA

 Rest tremor 49 98 41 0.794 c 0.894 c

 Rigidity 36 66 31 0.598 c 0.789 c

Mental symptoms       

 Hypomnesia 31 48 18 0.158 c 0.101 c

 RCP 5 12 3 0.692 c 0.928 e

 Cognitive impairment 58 0 0 NA NA

 Somnipathy 14 17 7 0.137 c 0.219 c

 Anxiety 25 41 13 0.363 c 0.087 c

 Depression 21 36 9 0.542 c 0.047 c

 Apathy 5 6 2 0.395 c 0.599 e

Autonomic symptoms       

 Constipation 33 71 26 0.495 c 0.778 c

 Hyperhidrosis 2 1 1 0.547 e NA*

 Postural hypotension 10 19 6 0.924 c 0.497 c

 Dysuria 31 57 23 0.669 c 0.571 c

 Salivation 11 15 4 0.315 c 0.199 e

 Sexual dysfunction 5 13 9 0.573 c 0.125 c

Sensory disturbance       

 Olfactory dysfunction 18 36 20 0.942 c 0.256 c

 Pain 11 19 8 0.707 c 0.759 c

 Spasm 0 1 1 NA NA

 Numbness 1 5 2 0.646 e 0.868 c

 RLS 2 4 1 NA* NA*

NA: Not available

NA*: Not available after continuity correction, P = 1
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P1: Comparison of MS and NMS between F-CI and N-FCI at the �rst treatment

P2: Comparison of MS and NMS between F-CI and N-CI at the �rst treatment

RLS, Restless legs syndrome, MS, Motor symptoms, RCP, Reduced computing power

 

Table 3. Comparison of total, baseline and new or aggravated clinical symptoms between 

L-CI and N-CI
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clinical symptoms L-CI (n=66) N-CI

(n=48)

P1 L-CI t/n

(n=66)

N-CI t/n

(n=48)

P2 P3

MS         

 Bradykinesia 66 48 NA 66/11 48/10 NA 0.571 c

 Rest tremor 57 41 0.886 c 58/7 43/9 0.777 c 0.123 c

 Rigidity 35 31 0.217 c 37/8 34/10 0.108 c 0.208 c

Mental symptoms        

 Hypomnesia 30 18 0.396 c 55/28 26/10 0.001 c 0.016 c

 RCP 9 3 0.337 e 22/13 7/4 0.023 c 0.157 c

 Cognitive impairment 0 0 NA 66/0 0/0 NA NA

 Somnipathy 10 7 0.933 c 23/13 16/9 0.866 c 0.899 c

 Anxiety 28 13 0.092 c 33/7 22/9 0.660 c 0.123 c

 Depression 27 9 0.012 c 35/10 17/9 0.062 c 0.611 c

 Apathy 4 2 0.982 e 5/1 2/0 0.724 e NA 

Autonomic symptoms        

 Constipation 45 26 0.127 c 54/15 35/9 0.257 c 0.607 c

 Hyperhidrosis 0 1 NA 1/1 2/1 0.779 e NA*

 Postural hypotension 13 6 0.309 c 25/13 17/11 0.788 c 0.677 c

 Dysuria 34 23 0.704 c 44/11 34/11 0.637 c 0.404 c

 Salivation 11 4 0.308 e 16/5 8/4 0.327 c NA*

 Sexual dysfunction 4 9 0.071 e 6/2 10/1 0.075 c NA

Sensory disturbance        

 Olfactory dysfunction 16 20 0.048 c 27/11 26/6 0.161 c 0.537 c

 Pain 11 8 NA* 16/6 11/5 0.896 c 0.813 c

 Spasm 0 1 NA 0/0 1/0 NA NA

 Numbness 3 2 NA* 4/2 2/0 0.982 e NA

 RLS 3 1 0.849 e 3/0 1/0 0.873 e NA

P1: Comparison of MS and NMS between L-CI and N-CI at the �rst treatment

P2: Comparison of total clinical symptoms at the last treatment between L-CI and N-CI
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P3: Comparison of newly increased or aggravated clinical symptoms between L-CI and N-CI at the last treatment 

t/n, total/ new or aggravated, 

 

Table 4. Comparison of �rst and Last TCS results

  N-CI n=48 F-CI (n=58) L-CI (n=66) P1 P2 P3

Interval
time(Years)

Mean ± SD

0.50-7.67

(3.09±1.76)

0.50-8.33

(3.34±1.86)

1.00-8.00

(2.77±1.84)

0.232a NA NA

Midbrain area       

Total

 

First 4.833±0.667 0.01 a

 

NA

 

NA

 Last 4.999±0.777

Subgroup First  4.854±0.708 4.782±0.642 4.863±0.665 NA NA 0.141a

/0.018a /0.434a
Last 4.977±0.733 5.071±0.725 4.952±0.856

Ultrasound
grading

      

First SNH+ 22 20 29 0.07c NA 0.307c

/0.186c /0.023c
Last SNH+ 27 27 42

Ultrasound
grading changes

    

0.001 c

  

 Up 9 13 19 NA 0.899c/0.219c/

0.418c

NA

 Down 4 8 6 NA 0.565e/NAe/

0.409c

NA

P1: Overall comparison among the three groups 

P2: The comparison between groups, from left to right was N-CI & F-CI, N-CI & L-CI and F-CI & L-CI.

P3: The difference between the �rst and last ultrasonic signs in each group, from left to right was N-CI, F-CI and L-CI. 

Interval time, the interval between two ultrasound examinations

 

Table 5. Logistics regression analysis results of clinical and demographic of F-CI and N-CI
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  Regression
coe�cient

Standard
error

Wald
Value

P Value OR 95% CI*

lower upper

Age of onset 0.070 0.054 1.705 0.192 1.073 0.965 1.192

Age of �rst
treatment

0.057 0.056 1.030 0.310 1.058 0.949 1.181

Smoking history -1.016 0.551 3.400 0.065 0.362 0.123 1.066

Anxiety 0.491 0.520 0.891 0.345 1.634 0.590 4.530

Depression 0.365 0.551 0.438 0.508 1.441 0.489 4.245

CI*, con�dence interval

 

Table 6. Logistics regression analysis of clinical and ultrasonic signs at the �rst treatment 

of L-CI and N-CI

  Regression
coe�cient

Standard
error

Wald
Value

P 

Value

 

OR

95% CI*

lower upper

Age of onset 0.036 0.047 0.601 0.438 1.037 0.946 1.136

Age of �rst treatment 0.024 0.048 0.256 0.613 1.024 0.933 1.124

Smoking history 0.522 0.501 1.088 0.297 1.686 0.632 4.496

Anxiety 0.123 0.548 0.051 0.822 1.131 0.386 3.312

Depression 1.719 0.627 7.516 0.006 5.579 1.632 19.065

Sexual dysfunction -1.888 0.738 6.543 0.011 0.151 0.036 0.643

Olfactory dysfunction -1.359 0.512 7.048 0.008 0.257 0.094 0.701

F-UG -0.615 0.466 1.736 0.188 0.541 0.217 1.349

F-UG, �rst ultrasonic grading,

 

Table 7. Results of logistics regression analysis at the last treatment of L-CI and N-CI
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  Regression
coe�cient

Standard
error

Wald
Value

P Value OR  95% CI*

lower upper

Age of onset 0.016 0.047 0.115 0.734 1.016 0.926 1.115

Age of �rst
treatment

0.032 0.048 0.441 0.507 1.033 0.939 1.135

Smoking history 0.556 0.505 1.211 0.271 1.743 0.648 4.691

Hypomnesia 1.351 0.485 7.759 0.005 3.860 1.492 9.983

RCP 0.831 0.573 2.107 0.147 2.296 0.747 7.055

Depression 0.586 0.446 1.721 0.190 1.796 0.749 4.308

Sexual dysfunction -1.147 0.671 2.923 0.087 0.317 0.085 1.183

L-UG 0.016 0.447 0.001 0.971 1.016 0.423 2.440

L-UG, Last ultrasonic grading, 

 

Table 8. Comparison of clinical data and ultrasonic grading between PDD and N-PDD patients
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  PDD(n=27) N-PDD(n=97) OR

Gender (Male) 19 61 1.402

Smoking history 17 70 0.656

Drinking history 1 12 0.272

Hyperlipidemia 6 19 1.173

Diabetes 8 26 1.150

Hypertension 12 35 1.417

Bradykinesia 27 97 NA

Tremor 22 85 0.621

Rigidity 20 56 2.091

Hypomnesis 22 76 1.216

RCP 15 17 5.882

Somnipathy 5 37 0.369

Anxious 20 71 1.046

Depressed 18 75 0.587

Nonchalance 3 8 1.390

Constipation 21 73 1.151

Hyperhidrosis 0 4 NA

Postural hypotension 11 38 1.067

Dysuria 16 65 0.716

Salivation 6 20 1.100

Sexual dysfunction 1 9 0.350

Olfactory dysfunction 16 41 1.987

Pain 6 29 0.670

Spasm 0 0 NA

Numbness 0 6 NA

RLS 2 5 1.472

SNH 16 53 1.208

Figures
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Figure 1

Patient �owchart. Exclusion criteria and inclusion process. PD, Parkinson’s Disease. ET, essential tremor. PSP,
progressive supranuclear palsy. MSA, multiple system atrophy.
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Figure 2

ROC curve of N-CI and CI (F-CI and L-CI). The area under ROC curve (AUC) of age of onset and age of �rst treatment
were 0.702 (95%CI: 0.606–0.798) and 0.704 (95%CI: 0.610–0.798), respectively.

Figure 3

Male, 65 years old. a. Midbrain area was 4.99cm2 and SN grading 2 at the �rst treatment, b. After 3 years, the
symptoms of rigidity and resting tremor worsened, and there is a decrease in calculation and memory. When
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hospitalized again, the midbrain area was 5.03cm2 and the SN grading was 3, At the last discharge diagnosis, the
patient had cognitive impairment.

Figure 4

ROC obtained by clinical and demographic logistics regression analysis of F-CI and N-CI. AUC=0.770 (95%CI: 0.675–
0.865)
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Figure 5

ROC obtained by clinical, demographic and ultrasonic grading logistics regression analysis of L-CI and N-CI at the �rst
treatment. AUC = 0.793 (95% CI 0.710 - 0.875).
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Figure 6

ROC obtained by clinical, demographic, and ultrasound grading logistics regression analysis of L-CI and N-CI at the last
treatment. AUC=0.783 (95%CI: 0.699–0.868).


