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ARTICLE INFO ABSTRACT

Keywords: Background: The symptoms of early Parkinson’s disease (PD) are complex and hidden. The aim of
Drug-naive this study is to explore and summarize the characteristics of the symptoms of drug naive patients
Parkinson’s disease with PD

Clinical characteristics

Objectives: and Methods Drug-naive patients with PD and age-matched healthy controls were
Acute levodopa challenge test

recruited from the outpatient clinic of Wuhan Union Hospital. The motor and non-motor symp-
toms were evaluated for further analysis using Unified Parkinson’s Disease Rating Scale (UPDRS)
I, II, and III; Sniffin’ Sticks Screening 12 test; Mini-Mental State Exam (MMSE); Montreal
Cognitive Assessment (MoCA); Hamilton Anxiety Scale (HAMA); and Hamilton Depression Scale
(HAMD) scores. The acute levodopa challenge test (ALCT) was adopted to assess the reaction to
dopaminergic treatment.

Results: We recruited 80 drug-naive patients with PD and 40 age-matched healthy controls (HCs).
Approximately 53.7% of the patients were females. The mean onset age was 59.96 + 10.40 years.
The mean UPDRS [, II, and III were 2.01 + 1.90, 6.18 + 3.68, and 26.13 + 12.09, respectively.
Compared with HCs, PD patients had lower scores in MMSE and MoCA; and higher scores in
HAMA and HAMD (p < 0.05). In ALCT, 54 patients showed good responses to levodopa while 26
patients did not. The mean improvement rate of UPDRS III was 34.09% at 120 min.

Conclusion: The motor symptoms of patients with early PD were mild but virous. They also suf-
fered from different non-motor symptoms. In ALCT, about two thirds of patients (54/80) with
early PD showed good response to levodopa. Among four aspects of motor symptoms, bradyki-
nesia reacted best to ALCT, while axial symptoms were the worst.

1. Introduction

Parkinson’s disease (PD) is the most prevalent neurodegenerative disease second to Alzheimer’s disease. PD is a progressive disease
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characterized by motor symptoms of static tremors, myotonia, and bradykinesia [1]. In addition, patients often suffer from a series of
non-motor symptoms (NMS) such as anosmia, constipation, depression, and rapid eye movement sleep behavior disorder [2]. NMS
lack specificity and often appear in the prodromal stage of the disease. Dopamine replacement therapy with levodopa is the major
pharmacotherapy for PD [3]. The diagnosis of PD depends on the occurrence of motor symptoms but they are sometimes hidden,
atypical and diverse in early PD, which renders the diagnosis of early PD difficult.

It was reported that the prevalence of PD is positively correlated with ages, having a percentage of 0.64% in Asia, which is lower
than that in the western countries [4]. An epidemiological study in China revealed that the prevalence among people over 65 years old
is 1.7% with an estimated number of 1.7 million cases. Among the confirmed patients, more than 50% did not receive formal treatment
[5]. Improving the detection and diagnosis rates of PD will help to improve the quality of life and prognosis of patients [6].

The purpose of this study was to explore and summarize the characteristics of the motor symptoms and NMS in addition to
investigating the reaction of drug-naive patients with PD to dopaminergic treatment in Central China.

2. Participants and methods
2.1. Participants and clinical assessment

Patients diagnosed with possible PD were recruited as the “PD group” from the outpatient Department of Neurology at the Union
Hospital Affiliated to Tongji Medical College of Wuhan Huazhong University of Science and Technology, one of the largest hospitals in
Central China between January 2020 and July 2021. All participants with PD were evaluated by experienced neurologists before
enrollment to ensure that they met the enrollment conditions of this study. Forty age-matched healthy individuals were recruited as the
healthy control (HC) group from the neuropsychiatric examination center of the same hospital.

The inclusion criteria for the PD group were patients who: (1) were diagnosed with clinically probable PD according to the 2015
Movement Disorder Society (MDS) clinical diagnostic criteria for PD [7]; and (2) did not receive prior anti-PD medications (including
levodopa, dopamine antagonists, catechol-O-methyl transferase inhibitors, or monoamine oxidase-B inhibitors). The exclusion cri-
terion for both groups, PD and HC groups, was the presence of any primary neurological diseases (such as stroke, encephalitis, or brain
tumor), other than PD.

¢ Drug-naive patients with Parkinon's disease (PD) (n=86)

¢ Age-match healthy controls (HC) (n=42)

¢ exclued owing to inability to
cooperate (PD group, n=1; HCs
group, n=2)

¢ exclued owing to subsequently
diagnosed as Parkinson Syndrome
(PD group, n=5)

Sociodemographic data
Disease duration

H-Y stage

UPDRS I-11I

SS-12

MMSE

MoCA

HAMA

HAMD

ALCT

» 80 PD vs 40 HCs

o Statistical

Fig. 1. Flow diagram of the study. Abbreviations: PD, Parkinson’s disease; HCs, healthy controls; UPDRS, Unified Parkinson’s Disease Rating Scale;
SS-12, Sniffin’ Sticks Screening 12 test; HAMA, Hamilton Anxiety Scale; HAMD, Hamilton Depression Scale; MMSE, Mini-Mental State Exam; MoCA,
Montreal Cognitive Assessment; ALCT, acute levodopa challenge test.
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The motor symptoms were independently evaluated by two experienced neurologists using part I, II, and III of the Chinese versions
of the Unified Parkinson’s Disease Rating Scale 3.0 (UPDRS 3.0) and Hoehn-Yahr (H-Y) stage. The Sniffin’ Sticks Screening 12 test [8]
(SS-12) was used to examine the olfactory function. The Chinese version of Mini-Mental State Exam (MMSE), Montreal Cognitive
Assessment (MoCA), Hamilton Anxiety Scale (HAMA), and Hamilton Depression Scale-24 (HAMD) were used to measure the general
cognitive and psychomotor abilities of the participants. The whole procedure of the study is shown in Fig. 1.

The drug-naive participants were grouped according to their response to dopaminergic therapy. The reactivity was determined by
the acute levodopa challenge test (ALCT) which was conducted in the morning. Domperidone (10 mg) was prescribed 30 min before -
dopa to minimize the probable side effects. Drug-naive participants were in the fasting state and 250 mg 1-dopa (soluble preparation;
Madopar LT, Roche Pharma AG, Basel, Switzerland) was prescribed. The UPDRS part III (motor section) was performed by two
experienced physicians independently before 1-dopa administration and, 30, 60, 90, and 120 min after t.-dopa administration. All the
assessments at the different time intervals were video recorded for re-evaluation.

2.2. Data processing

2.2.1. Database establishment
We used EpiData 3.1 to manage all clinical raw data. The private information (such as ID numbers and addresses) is not recorded in
the database to protect the privacy of the participants.

2.2.2. Data post-processing

2.2.2.1. UPDRS. The score items were divided into tremor score (T) and akinetic-rigid score (AR) parentheses [9]. T was the sum of
the average of items 16 and 20-26 and AR was the sum of the average of item 5, 7, 12-25, 18, 19, and 27-44. The T mainly reflects the
tremor in the participants’ daily life and physical examination, while the AR reflects the non-tremor movement disorders such as
speech, swallowing, turning over in bed, falling, frozen gait, walking, facial expression, bradykinesia, fine movement, posture, gait,
and stability in the participants’ daily life activities.

2.2.2.2. MMSE. According to the contents of the scale items, the items were divided into 8 dimensions: orientation, short-term
memory, attention and calculation, delayed recall, naming, language, visuospatial, and executive dimensions. The scoring rate of
each dimension was calculated according to the actual score/expected score x 100 (%).

2.2.2.3. MoCA. According to the contents of the scale items, the items were divided into 8 dimensions: visuospatial and executive,
naming, memory, attention, language, abstraction, delayed recall, and orientation. The scoring rate of each dimension was calculated
according to the actual score/expected score x 100 (%).

2.2.2.4. HAMA. According to the total score, the anxiety status of the participants was graded into five levels: no anxiety (score <6
points), possible anxiety (7 points < score < 14 points), positive anxiety (14 points < score < 21 points), obvious anxiety (21 points <
score < 29 points) and severe anxiety (score >29 points). According to the symptoms, the items were divided into two dimensions:
somatic anxiety and psychic anxiety.

2.2.2.5. HAMD-24. According to the total score, the depression status of the participants was classified into four levels: no depression
(score < 8), mild depression (8 < score < 19), moderate depression (20 < score < 34), and severe depression (score >35) [10,11].
According to the contents of the scale items, the items were divided into 8 dimensions: anxiety & somatization, weight, cognitive
dysfunction, diurnal variation, retardation, sleep disorders, and despair.

2.2.2.6. ALCT. According to each item of UPDRS III, the scores were divided into four sub-scores: tremor sub-score (items 20 and 21),
rigidity sub-score (item 22), bradykinesia sub-score (items 23-26), and axial sub-score (items 18, 19, and 27-31) [12]. The
improvement rates at each timepoint were calculated. According to the rate of improvement at 120 min, patients were divided into two
subgroups: levodopa good response group (>30%) and levodopa poor response group (<30%) [7].

2.2.3. Statistical analysis
SPSS 23.0 was used for statistical analysis. An independent sample Student’s t-test was used to evaluate the statistical significance
of the clinical data between the PD and HC groups (a = 0.05).
3. Results
3.1. Sociodemographic and clinical data
A total of 80 participants in the PD group and 40 in the HC group were included in this study. All participants completed the process

as required and achieved reliable results.
The sociodemographic and clinical data of the two groups are shown in Table 1. There were no significant statistical differences in
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age, gender and educational year between the PD and HC groups. However, there were significant statistical differences in the scores of
cognitive scales (MMSE, MoCA) and depression and anxiety scale (HAMA, HAMD) between the two groups (p < 0.05), indicating that
the participants in the PD group have obvious cognitive impairment and higher level of depression and anxiety compared with those in
the HC group.

The first symptoms of PD are shown in Fig. 2a. The mean score of UPDRS I, II, and III in the PD group were 2.01 + 1.90, 6.18 +
3.68, and 26.13 + 12.09, respectively. The mean T score was 0.55 + 0.47 and the mean AR score was 0.95 + 0.47, while the mean T/
AR was 0.81 £ 0.95. Detailed scores of UPDRS are shown in supplementary Table 1.

The results of the SS-12 are shown in Fig. 2b. The results of the dimensional analysis of MMSE and MoCA are shown in Fig. 2c and e,
respectively.

The participants in the PD group had more obvious anxiety level (mean HAMA score = 11.26 + 7.64) than did those in the HC
group (mean HAMA score = 5.55 =+ 4.5, p < 0.001). The grading results showed that 43% of the participants with PD had no anxiety,
20% had possible anxiety, 21% had definite anxiety, and 16% had obvious or serious anxiety. The dimensional analysis showed that
psychic anxiety was more serious than somatic anxiety among the patients (Fig. 2d and g).

The participants in the PD group had a more significant level of depression (mean HAMD score = 12.48 + 9.18) than did those in
the HC group (mean HAMD score = 7.95 + 6.00, p < 0.01). The grading results showed that 37% of the patients had no depression,
31% might have had depression, 19% had definite depression, and 13% had severe depression.

The dimensional analysis showed that the score of anxiety/somatization factor was the highest among depressed participants
followed by retardation and despair. Among the participants with definite depression, the score of anxiety/somatization factor was the
highest, followed by sleep disorder and despair (Fig. 2f and h).

3.2. Acute levodopa challenge test

According to the improvement rate at 2 h after medication, 54 patients showed good responses to levodopa (>30%) while 26
patients did not (<30%), Indicating that about two thirds (54/80) of patients with early PD showed good responses to levodopa.
Therefore, the PD group was divided into two subgroups: good response group (54 patients) and poor response group (26 patients) for
further analysis. The UPDRS III baseline scores were 26.03 + 12.20 (all patients), 24.49 + 11.51 (good response group), and 29.07 +
13.13 (poor response group), while the mean scores at 120 min were 17.63 + 10.22 (all patients), 14.28 + 7.62 (good response group),
24.21 + 11.54 (poor response group). Fig. 3 shows the changes in UPDRS III after levodopa intake of all PD patients (Fig. 3a), good
response group (Fig. 3c) and poor response group (Fig. 3e).

Among the four sub-scores, the best response to levodopa was observed with the bradykinesia sub-score at 120 min and the worst
was observed with the axial sub-score. Detailed changes are shown in Fig. 3b (all PD patients), Fig. 3d (good response group) and
Fig. 3f (poor response group).

4. Discussion

This study included 80 patients with early PD in Central China. The average age of onset was 59.96 + 10.4, which was consistent
with what has been reported in similar studies (62 + 10) [13]. We investigated the motor symptoms, NMS, and reactions to

Table 1
The sociodemographic and clinical data of PD and HC.
PD (n = 80) HC (n = 40) p t
Mean SD Mean SD

Age (years old) 61.36 10.44 61.65 8.54 0.881 —0.15
Disease duration (months) 16.69 13.40 - -

Age at onset 59.96 10.40 - -

Gender (Male:Female) 37:43 - 21:19 - 0.522 0.642
Educational Years 8.77 4.20 8.88 4.42 0.904 -0.12
UPDRS I 2.01 1.90 - -

UPDRS II 6.18 3.68 - -

UPDRS III 26.13 12.09 - -

H-Y stage 1.58 0.61 - -

Tremor score (T) 0.55 0.47 - -

Akinetic-Rigid score (AR) 0.95 0.47 - -

T/AR 0.81 0.95 - -

self-perceptive olfactory” 48:31:1 - - -

Actual olfactory” 3:39:38 - - -

MMSE 24.28 4.01 25.98 2.95 0.019 —2.38
MoCA 18.33 5.80 23.68 4.49 <0.001 —5.11
HAMA 11.26 7.64 5.55 4.5 <0.001 4.36
HAMD 12.48 9.18 7.95 6 0.006 2.82

Abbreviations: PD, Parkinson’s disease; HC, healthy controls; UPDRS, Unified Parkinson’s Disease Rating Scale; H-Y stage, Hoehn-Yahr Stage; HAMA,
Hamilton Anxiety Scale; HAMD, Hamilton Depression Scale; MMSE, Mini-Mental State Exam; MoCA, Montreal Cognitive Assessment.
@ data is shown as euosmia: hyposmia: anosmia.
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Fig. 2. The clinical data of PD group. (a) The distribution of onset symptoms in PD; (b) The result of SS-12; (c) Scoring rate of MMSE domain; (d)

The result of HAMA scale in PD group; (e) Scoring rate of MoCA domain; (f) The anxiety status of PD group; (g) The distribution of HAMA domain;
(h) The distribution of HAMD-24 domain.

dopaminergic therapy of drug-naive patients with early PD. We revealed that in early PD, the NMS could be diverse and complicated

compared to the motor symptoms. We also described the features of variety in UPDRS III scores after the administration of levodopa
medication.
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Fig. 3. The improvement of PD-related motor symptoms after acute levodopa challenge test. (a, b) The improvement of UPDRS III score and
improvement rate of all patients with PD. (c, d) The improvement of UPDRS III score and improvement rate of patients with PD in levodopa good
response group. (e, f) The improvement of UPDRS III score and improvement rate of patients with PD in levodopa poor response group.

4.1. Motor symptoms of early PD

Traditional motor symptoms of PD included rest tremor, rigidity and bradykinesia. Currently, the diagnostic criteria for the pro-
dromal stage of PD are absent, and the diagnosis of PD mainly depends on the motor symptoms. Improving the recognition rate of
motor symptoms in early PD may be helpful to increase the diagnostic rate of early PD.

Among the participants included in the study, the most common first symptoms of PD were motor dysfunctions, especially tremor.
A study about early PD patients showed that tremors, stiffness and rigidity, and fatigue were the most common symptoms in early PD
[14]. However, the T/AR ratio in our study showed that ankylosis and bradykinesia were more serious than tremors, suggesting that
their development was masked and thus not perceived by the patients. Accordingly, clinicians should pay more attention to ankylosis
and bradykinesia in early PD.

A few patients with early PD presented subtle motor dysfunction, leading to delayed diagnosis of PD [15]. Here we listed the score
of each item of the UPDRS score in supplementary Table 1 with the aim of unravelling the motor symptoms, other than tremors, that
are easy to be detected in PD. The mean score of the finger tapping test was the highest, followed by facial expression, body brady-
kinesia, and hypokinesia. Finger tapping test is an easy way for primary screening PD. Compared with healthy controls, drug-naive
patients with early PD showed worse performance on finger tapping test [16]. But due to the mild motor symptoms of early PD, it is
sometimes difficult to detect the subtle motor dysfunction. Recently, wearable devices were applied to evaluate the motor symptoms of
PD, which can quantitatively analyze different motor symptoms and improve the detection rate of early PD [17]. A study using
wearable devices assessed the motor disorders in patients with early PD and found a strong correlation between some movement
features and UPDRS scores [18]. Investigating those characteristic motor symptoms of PD may help physicians in grassroot hospitals
who have insufficient clinical experience with movement disorders to improve the diagnosis rate of PD.

Motor symptoms may also affect NMS of PD patients. Patients with postural instability and gait disorder subtype suffered more
severe sleep disorders, fatigue, and urinary disturbance compared with patients with the tremor-dominant subtype [19]. This sug-
gested that motor symptoms can predict the NMS.
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4.2. NMS in early PD

Recently, the NMS of PD have become more noticeable. The most common NMS include olfactory dysfunction, constipation, sleep
disorders, depression, anxiety, and dysfunction of the autonomic neurons. Since the NMS occur in the prodromal period of PD, pre-
vious studies predicted the onset of PD through the NMS. However, it is difficult to predict PD through investigating a single NMS due
to the absence of specificity and low prevalence of these symptoms [20]. Our study explored the characteristics of olfactory impair-
ment, cognitive impairment, and mood dysfunction in the early phase of PD.

4.2.1. Olfactory dysfunction

Olfactory disorders are among the most common and earliest NMS of PD [21]. The olfactory function of drug-naive patients with
PD which was tested by SS-12 revealed that up to 97% of the patients had hyposmia or anosmia. Remarkably, up to 80% of the
participants were not aware of their olfactory disorder, which showed that it was hidden.

The occurrence of olfactory disorder may be related to the susceptibility of the olfactory bulb to Lewy bodies [22]. In the autopsy of
patients with PD who had a long course of the disease, it was found that the number of neurons in the anterior olfactory nucleus were
significantly decreased and the olfactory nerves were severely atrophied [23]. This susceptibility also explains the development of
olfactory disorders in the prodromal stage of PD. The presence of olfactory dysfunctions may be used in the clinical prediction of PD. A
prospective study reported that patients with dysosmia had a 3.94-fold higher probability of developing PD [24].

4.2.2. Cognitive dysfunction

We assessed the cognitive function of the PD and HC groups by MMSE and MoCA. The PD group showed a statistically lower
performance on both cognitive function scales than that in the HC group. This finding goes in line with previous studies which reported
that drug-naive patients with PD suffered from cognitive impairment [25,26]. However, the cognitive scale score of the participants in
this study was lower than that in similar studies. This may be attributed to the smaller number of educational years spent by the
included participants compared to a previous study [25].

According to the dimensional analysis, the patients had impairments in abstract ability, visuospatial and executive power, and
delayed recall, but the orientation was basically intact, which was similar to previous report [27]. More than 50% of the patients with
PD in this study reported subjective cognitive impairment (SCD). Although there is not an effective way to evaluate SCD, it may be one
of the risk factors for the development of PD-related cognitive impairment.

According to the guideline of MDS [28], PD cognitive impairment can be classified into PD mild cognitive impairment (PD-MCI)
and PD dementia (PDD). If the cognitive impairment affects the daily life activities such as the social role, social function, and self-care
ability, it can be classified as PDD. There are some difficulties in the classification of some cases. The participants in this study were not
classified. In addition, due to the cross-sectional design of this study, there is a lack of data on the dynamic changes of participants,
which can provide evidence regarding the development of cognitive impairment.

There are variations in the clinical manifestations of the PD-related cognitive impairment, which suggests that there may be
different underlying pathological processes. Autopsy showed that the deposition of Lewy bodies in the limbic system and cortex was
the pathological feature of cognitive impairment. In addition, the deposition of - Amyloid and tau proteins found in the brain of some
patients was associated with PDD. Lewy bodies, p- Amyloid, and tau proteins can collectively cause more serious and faster cognitive
impairment and PD progression [29,30].

4.2.3. Mood disorders

Anxiety and depression are often evaluated together and usually exist as comorbid condition [31]. Our study assessed the levels of
depression and anxiety in patients with PD by HAMA and HAMD. Although depression or anxiety could not be diagnosed based on two
scales, we could evaluate the status of depression and anxiety and the possible sources of emotional disorders from the score distri-
bution of the scales.

Previous studies on anxiety in patients with PD reported that the incidence rate of anxiety was 10.6%-55% [32,33]. Our study
revealed that the incidence of psychic anxiety was higher than that of somatic anxiety in most participants; thus, psychic anxiety
should be examined more than somatic discomfort in patients with PD. In terms of depression, the positive dimensions of participants
with depression were anxiety and somatization, despair, sleep disorders, and retardation. For participants who may have had
depression, the positive dimensions were anxiety and somatization, sleep disorders, diurnal variation, and weight loss. When dealing
with patients who suffer from emotional disorders, physicians should thoroughly examine these dimensions to alleviate the emotional
disorders.

Mood disorders affect the patients’ quality of life to a large extent. Previous studies reported that patients with mood disorders have
lower quality of life [33,34]. In addition to the quality of life, mood disorders can also affect the patients’ social function, deterioration
of cognitive functions, increase the disability rate [35], and can even lead to mortality.

4.3. ALCT in drug-naive patients with PD

ALCT reflected the short-term response of patients to levodopa, which was induced by the increased plasma level of levodopa [36].
After administration of levodopa, the improvement in the movement disorder changes in accordance with the drug plasma concen-
tration. Levodopa has special pharmacokinetic characteristics, and it is mainly absorbed in the upper part of the small intestine.
According to the drug specification of doxazide tablets (Medoba) used in this study, the plasma concentration of levodopa reaches its
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peak about 60 min after taking the drug, and its half-life is about 90 min. In previous studies, levodopa began to exert its therapeutic
effects when the improvement rate of the UPDRS III reached 15% [37]. According to our data, levodopa began exerting its effects
within 30-60 min after the intake.

Some studies considered 60-90 min after the intake of levodopa as the final evaluation time point [38]. However, the movement
disorders may show further improvement 90 min after the intake of the medication. Accordingly, the end point of observation chosen
in this study was 120 min after the intake of levodopa. The extent of improvement in UPDRS III was higher 120 min after the drug
intake, although the plasma concentration of levodopa begins to decrease 120 min after the drug intake from the pharmacokinetic
perspective. This can be due to a probable delayed effect of levodopa on the nervous system.

A good response to levodopa therapy is one of the criteria that supports the diagnosis of PD. We set the cut-off value for the
improvement rate as 30%, as reported in a previous study [39]. For patients with early PD, the cut-off value may be too low to
distinguish, resulting in an increased rate of false-positive results. A study which verified the validity of ALCT in the diagnosis of early
PD through a 2-year follow-up, concluded that the cut-off value of 33% had 70% sensitivity and 71% specificity rates [38]. This study
also demonstrated that the specificity and sensitivity rates can be increased to 91% and 79%, respectively, if combined with patients’
other clinical history. A few patients with PD showed negative ALCT results. The possible reasons are: (1) the poor absorption of
levodopa by the patients leading to low drug concentration in serum; (2) patients’ symptoms were mainly axial symptoms which have
a poor response to ALCT; or (3) patients’ symptoms were very mild and thus, the UPDRS III score was very low (<5 points), resulting in
difficulties identifying an improvement of the symptoms by ALCT.

4.4. Limitations

There are some limitations to this study. First, the NMS scale was not adopted because it was not advantageous with respect to the
dimensional analysis in cognitive dysfunction and mood disorders. Second, this was a single-center study, which may have neglected
some patients. Third, the misdiagnosis rate of early PD is high. Although we excluded the non-PD participants to a large extent, a few
non-PD participants might have affected the results of the study due to the lack of longitudinal data.

4.5. Conclusion and prospects

In conclusion, the mean age of onset of PD was similar to that reported in the previous studies. However, the time from the
development of symptoms to the clinic visit was longer, which may explain the more serious motor symptoms of the patients in our
study. The motor symptoms of patients with early PD were mild but virous. They also suffered from different non-motor symptoms. The
proportion of emotional disorders and cognitive impairment such as the delayed recall, visuospatial and executive ability, and abstract
ability was high in the included patients. In ALCT, most patients with early PD showed good response to levodopa. Among four aspects
of motor symptoms, bradykinesia reacted best to ALCT while axial symptoms were the worst.

In future, we will recruit more patients with drug naive PD and continue the follow-up study of the cohort. We are looking forward
to finding biomarkers that can predict disease onset and progression of PD.
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