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Abstract 

Introduction 

Postural abnormalities (PA) are disabling features of Parkinson's disease (PD). Indirect 
analyses suggested a higher prevalence of PA among Asian patients compared to Caucasian 
ones, but no direct comparisons have been performed so far. 



Methods 

An international, multicenter, cross-sectional study was performed in 6 European and Asian 
movement disorders centers with the aim to clarify differences and similarities of prevalence 
and characteristics of PA in Asian vs. Caucasian PD patients. Axial PA, encompassing 
antecollis (AC), camptocormia (CC), and Pisa syndrome (PS), and appendicular PA (appPA) 
were systematically searched and analysed in consecutive patients. 

Results 

88 (27%) of 326 PD patients had PA (29.1% in Asians and 24.3% in Caucasians, p: 0.331). 
Prevalence of axial PA was 23.6% in Asians and 24.3% in Caucasians (p = 0.886), in spite of a 
longer disease duration among Caucasians, but a longer PA duration among Asians. No 
differences in prevalence between AC, CC, and PS were found between the two ethnicities. 
The prevalence of appPA was higher in Asians (p = 0.036), but the regression analysis did not 
confirm a significant difference related to ethnicity. Considering the whole population, male 
gender (OR, 4.036; 95% CI, 1.926–8.456; p < 0.005), a longer disease duration (OR, 2.61; 95% 
CI, 1.024–6.653; p = 0.044), and a higher axial score (OR, 1.242; 95% CI, 1.122–1.375; p < 
0.0005) were the factors associated with axial PA. 

Conclusion 

The prevalence of axial PA in PD patients is not influenced by ethnicity. However, Asian PD 
patients tend to develop PA earlier in the disease course, particularly AC. 
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1. Introduction 

Postural abnormalities (PA) are frequent and disabling clinical features of Parkinson's disease 
(PD) [1]. A recent cross-sectional study showed that over 20% of PD patients have an 
abnormal neck or trunk posture [2]. The most common type of PA is the stooped posture, 
firstly described by James Parkinson, and characterized by an anterior trunk bending with 
rounding of the shoulders and flexed knees [1,3]. More severe PA, namely camptocormia 
(CC), antecollis (AC), Pisa syndrome (PS), and scoliosis [1,4], proved to be disabling PD 
features and impair the patients' quality of life (QoL) [2]. In addition to axial PA, abnormal 
postures of limbs, encompassing striatal foot or hand, can be observed in PD patients and 
these deformities are typically referred to as appendicular PA (appPA). 

PA prevalence is variable across studies because of the different diagnostic criteria and 
measurement methods employed. CC prevalence has been estimated to range from 3% to 
17.7%, according to the cut-off values considered for the anterior trunk flexion, ranging 



between 15 and 45° [4]. Likely, different criteria and methods of assessment have been 
applied over time for the diagnosis of AC and PS [1]. 

In this context of high heterogeneity, the majority of PD patients reported with CC and AC in 
the literature originated from Asia [[5], [6], [7], [8], [9]] and some studies suggested that PA 
could be more prevalent in Asian patients if compared to Caucasian ones [1,10]. However, a 
direct comparison of the prevalence and characteristics of PA between Asian and Caucasian 
PD patients by using the same clinical criteria has never been performed. 

This international, multicenter, cross-sectional study was designed to systemically analyze PA 
in a large cohort of consecutive PD patients in Europe and Asia with the aim to clarify 
differences and similarities of prevalence and characteristics of PA in Asian and Caucasian 
people. 

2. Methods 

2.1. Study design and eligibility criteria 

For this multicenter, cross-sectional study, consecutive Caucasian and Asian PD outpatients 
attending 3 tertiary centers for movement disorders in Europe (Italy, Germany, and Portugal) 
and 3 in Asia (Thailand, South Korea, and Saudi Arabia) were enrolled. Recruitment was 
consecutive being May 2019–May 2021 the global enrollment period. However, a break of 
variable duration in the recruitment occurred in each center, due to the COVID-19 pandemic, 
between March 2020 and January 2021. The inclusion criteria were a diagnosis of idiopathic 
PD [11], at least 3 years of disease duration, and age less than 80 years old. Patients with 
concomitant neurologic diseases known to negatively affect posture, a history of major spinal 
surgery or muscle and/or skeletal diseases, and treatment with drugs potentially able to 
induce abnormal postures (typical antipsychotics such as haloperidol, chlorpromazine, 
zotepine; atypical antipsychotics such as clozapine, sertindole, olanzapine; tricyclic 
antidepressants; selective serotonin reuptake inhibitors; cholinesterase inhibitors such as 
donepezil, rivastigmine; antiemetic drugs; lithium carbonate; benzodiazepines; tiapride) [12] 
in the 6 months before enrollment were excluded from the study. 

The study protocol was reviewed and approved by the institutional review boards from every 
center. Written informed consent was obtained by all patients, also considering the possibility 
of taking photographs and walking records for this research. 

2.2. Procedures 

In each center, all patients were assessed by the same rater identified before study initiation 
and trained for the postural assessment. Patients were assessed on their usual drug 
treatment (i.e., daily ON). All evaluations were carried out during a single outpatient visit. A 
retrospective review of medical records was performed to retrieve demographic, clinical, and 
relevant data. 

All patients with any kind of abnormal posture, defined as an MDS-UPDRS III item 3.13 
posture score >0, underwent an additional assessment encompassing photographs to 
characterize the type and degrees of axial PA and a clinical assessment of appPA. Photos 
were taken in a standing position in the frontal (posterior) and sagittal plane. Full-body 



photographs were taken in a standardized manner, in front of a baseline adjustable wall 
mounted goniometer (https://www.ncmedical.com/item_2631.html 

) with the patient standing in front of the wall, 2 m from the camera set at a height of about 1 m 
from the ground [2]. Kinovea® software, a freeware program already used for the postural 
analysis of PD patients [2,13,14] was used to analyze postural angles from the pictures. 

2.3. Study aims and outcome measures 

The main aim of the study was to compare the prevalence of PA between Caucasian and 
Asian PD patients, separately considering axial and app PA. 

Secondary aims were: i) to compare the characteristics of different PA, ii) to describe clinical 
features of PD patients with PA, and iii) to evaluate risk factors for developing PA. 

All patients underwent an extensive cross-sectional clinical assessment including 
demographic and clinical data, levodopa equivalent daily dose (LEDD) [15], Hoehn and Yahr 
Stage (HY) [16], MDS-sponsored Revision of the Unified Parkinson's Disease Rating Scale 
(MDS-UPDRS) part II-III scale [17], the pain NRS scale [18], and Parkinson's disease 
questionnaire 8 (PDQ-8) [19] for quality of life (QoL). PD phenotype has been defined in 
agreement with the algorithm of Stebbins and colleagues as tremor dominant (TD) or Postural 
instability/gait difficulty (PIGD) [20]. 

AC was diagnosed in patients with neck flexion (NF) ≥ 45° [21,22]. 

Total CC was diagnosed in patients with total trunk flexion (TTF) ≥ 30° [23,24]. 

Upper CC was diagnosed in patients with upper trunk flexion (UTF) ≥ 45°. (Fig. 1) [23,24]. 
 
 
PS was diagnosed in patients with lateral trunk flexion (LF) ≥ 10°. (Fig. 1) [1,25,26]. The 
explanation for NF, TTF, UTF and LF angle calculations are detailed in Fig. 1 legend. 

Patients having a mixed form of axial PA (i.e., a combination of AC, PS or CC ) were considered 
in both categories and a category for combined PA was also considered. 

AppPA was defined as the fixed deformity of the angle at hand (metacarpophalangeal, 
proximal interphalangeal (extension), and distal interphalangeal joints (flexion)) or foot (great 
toe (flexion or extension) and other toes (plantar flexion)) [9]. 

Latency to develop PA after PD onset, PA duration, pattern of PA onset, awareness of PA by 
asking patients if they felt trunk bending or leaning, striatal hand and foot deformities were 
recorded. In the case of lateral trunk flexion, the side and direction of PD symptoms onset and 
inclination in patients with PS were also recorded. 

2.4. Statistical analysis 

To ensure an adequate power to address the hypothesis of a different PA prevalence between 
Asian and Caucasian PD patients, we performed a sample size calculation through the 
‘n4studies’ software [27]. A sample size of at least 322 PD patients (182 Asian PD patients and 
140 Caucasian PD patients) was calculated by using sample size for two independent 
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proportions with an estimation of 49% and 33.5% of the highest prevalence of PA in Asian and 
Caucasian PD patients, respectively; no dropout rate was considered due to the cross- 
sectional design of the study. 

A Chi-square test was used for categorical data. The values were compared across groups by 
t-tests for independent variables or nonparametric Mann-Whitney U tests when continuous 
variables were not normally distributed. 

Univariate logistic regression models with axial PA, AC, CC, PS, appPA as the dependent 
variable and the sociodemographic and clinical features (ethnicity, sex, age, body mass index 
(BMI), age of PD onset, disease duration, H&Y stage, MDS-UPDRS II, III, III right, III left, axial 
score, PD phenotypes, lateral MS at onset, clinical asymmetry, PDQ-8, LEDD, and falls) as the 
independent variables were used to calculate unadjusted odds ratio (OR; 95% confidence 
interval [CI]). Multiple logistic regression models with sociodemographic and clinical features 
which had p ≤ 0.05 after performing univariate logistic regression as independent variables 
and with axial PA, AC, CC, PS, appPA as the dependent variable, were used to calculate an 
adjusted OR (95% CI) for all possible confounding effects. Multicollinearity analysis was used 
to find the correlation between variables before performing Multiple regression analysis. 

All tests were two-tailed with a P-value set at 0.05. Statistical analyses were performed using 
SPSS (version 27) statistical software. 

3. Results 

We recruited a total of 326 PD patients, 182 of Asian (Thailand = 76, South Korea = 81, and 
Saudi Arabia = 25) and 144 of Caucasian ethnicity (Italy = 77, Germany = 30, Portugal = 37). 

Considering all patients, 23.9% (n = 78) presented axial PA and 4.9% (n = 16) appPA; 15.3% of 
patients had an isolated PA (12.9% axial PA and 2.4% app PA); 11.6% of patients had a 
combined PA (9.2% combined axial PA, 0.6% combined app PA, and 1.8% combined axial PA 
and app PA). Among combined axial PA, 6.8% was AC and CC followed by 1.5% of AC and PS, 
0.3% of CC and PS, and 0.6% of AC combined with CC and PS. The most common type of 
axial PA was AC (19.9% of all patients), followed by CC (11.7%), and PS (3.7%) (Table 1 and 
Table S1). 

 
 
The average PA duration at the time of study enrolment was 3.21 ± 4.11 years and the onset 
were 4.49 ± 4.29 years after PD diagnosis. 

PD patients with axial PA were more often males (p < 0.0005), older (p < 0.0005), with an older 
age of PD onset (p = 0.032), a PIGD phenotype (p = 0.015), a longer disease duration (p = 
0.002), more severe disease (p < 0.0005), and a lower QoL (p = 0.007) than PD patients 
without PA; moreover, PD patients with axial PA showed a higher LEDD (p < 0.0005). PD 
patients with appPA were more often found in Asian (p = 0.036), had a lower BMI (p < 0.0005), 
a longer disease duration (p = 0.002), a higher H&Y stage (p = 0.012), a higher axial score (p = 
0.046), more clinical symmetry (p = 0.023), and a higher LEDD (p = 0.045) than patients 
without appPA. 



Patients with appPA had a lower BMI (p = 0.001), a younger age (p = 0.041) and earlier age at 
PD onset (p = 0.013) than patients with axial PA (Table 2 and Tables S2–S3). 

 
 
3.1. Differences between Asian and Caucasian patients 

No significant difference in the PA prevalence was found between Asian and Caucasian 
patients (29.1% vs. 24.3%, p = 0.331) neither when considering only axial PA (23.6% vs. 
24.3%, p = 0.886). 

Caucasian patients with axial PA were older (p = 0.042) and with longer PD duration (p = 0.009) 
than Asian ones, who conversely showed a longer PA duration (p = 0.013) (Table 3). This 
reflected in a longer though not significant latency for PA appearance among Caucasian 
patients if compared to the Asian ones (5.35 ± 4.44 vs. 3.58 ± 3.81 years; p = 0.115). 

 
 

 
The multiple logistic regression analysis showed that sex (male) (adjusted OR, 2.772; 95% CI, 
1.439–5.339; p = 0.002), disease duration (adjusted OR, 1.089; 95% CI, 1.015–1.167; p = 
0.017), axial score (adjusted OR, 1.264; 95% CI, 1.149–1.39; p < 0.0005), and clinical 
asymmetry (adjusted OR, 1.236; 95% CI, 1.121–1.362; p < 0.005) were significantly associated 
with the presence of PA. 

When considering axial PA, the multiple logistic regression analysis showed that male sex 
(adjusted OR, 3.658; 95% CI, 1.782–7.512; p < 0.005), an older age (adjusted OR, 1.047; 95% 
CI, 1.007–1.088; p = 0.022), and a higher axial score (adjusted OR, 1.236; 95% CI, 1.117– 
1.368; p < 0.0005) were variables significantly associated with the presence of axial PA (Tables 
4 and S4). 

Differences in ethnicity did not prove to be associated with a different risk of axial PA, appPA 
(Table S4), nor for the axial PA considered singularly (i.e., AC, CC, and PS) (Table S5). 

Considering Caucasian and Asian patients separately, male sex (adjusted OR, 3.684,95%CI, 
1.02–13.301; p = 0.047), longer disease duration (adjusted OR, 1.181, 95% CI, 1.034–1.349; p 
= 0.014) and higher axial score (adjusted OR, 1.21, 95% CI, 1.058–1.383; p = 0.006) were 
related to PA among Caucasian ones, while male Backspacesex (adjusted OR, 2.616, 95% CI, 
1.195–5.727; p = 0.016) and higher axial score (adjusted OR, 1.248, 95% CI, 1.085–1.435; p = 
0.002) among Asian ones. 

3.1.1. Antecollis (AC) 

AC prevalence was 17.6% in Asian patients and 22.9% in Caucasian patients (p = 0.231) 
(Table S2, Supplementary material). The average degree of flexion was 53.83° ± 7.7° (range 45– 
74.4°) in Asian patients and 59.02° ± 11.35° (range 46.2–106.3°) in Caucasian patients (p = 
0.01) (Table 2). AC was first noticed on average 3.18 ± 3.77 years after PD onset in Asian 
patients and 5.43 ± 4.44 years after PD onset in Caucasian ones (p = 0.043). The average AC 
duration was 4.05 ± 3.8 years in Asian patients and 2.67 ± 5.28 years in Caucasian ones (p = 
0.035) (Table S3). 



AC patients in Caucasians had a longer disease duration (p = 0.015), had longer latency to 
develop PA (p = 0.043), and had more severe neck flexion (p = 0.01) than Asian patients (Table 
S1). While AC patients in Asians had a longer PA duration (p = 0.035) than Caucasian patients. 

The multiple logistic regression analysis showed that male sex (adjusted OR, 3.336; 95% CI, 
1.588–7.004; p = 0.001), an older age (adjusted OR, 1.071; 95% CI, 1.026–1.117; p = 0.002), a 
longer disease duration (adjusted OR, 1.079; 95% CI, 1.000–1.163; p = 0.049), and severe axial 
score (adjusted OR, 1.240; 95% CI, 1.117–1.376; p < 0.0005) were significantly associated 
with the presence of AC (Table S5). 

3.1.2. Camptocormia (CC) 

CC prevalence was 11.5% in Asian patients and 11.8% in Caucasian patients (p = 0.941) 
(Table S2). The average degree of total trunk flexion was 36.11° ± 6.1° (range 30–49°) in Asian 
patients and 37.5° ± 9° (range 30–38°) in Caucasian patients (p = 0.876). The average degree of 
upper back flexion was 49.5° ± 5.66° (range 45–63°) in Asian patients and 50.5° ± 9.1° (range 
42–75°) in Caucasian patients (p = 0.973) (Table 2). CC was first noticed on average 3.67 ± 
3.96 years after PD onset in Asian patients and 5.4 ± 4.84 years after PD onset in Caucasian 
ones (p = 0.043). The average CC duration was 3 ± 2.39 years in Asian patients and 2.57 ± 3.11 
years in Caucasian ones (p = 0.385) (Table S3). 

The multiple logistic regression analysis showed that sex (male) (adjusted OR, 2.552; 95% CI, 
1.086–5.997; p = 0.032), and axial score (adjusted OR, 1.121; 95% CI, 1.011–1.244; p = 0.031) 
were significantly associated with the presence of CC (Table S5). 

3.1.3. Pisa syndrome (PS) 

PS prevalence was 3.3% in Asian patients and 4.2% in Caucasian patients (p = 0.679) (Table 
S2, Supplementary material). The average degree of flexion was 11.17° ± 1.33° (range 10–13°) 
in Asian patients and 18.17° ± 8.7° (range 10–33°) in Caucasian patients (p = 0.059) (Table 2). 
PS was first noticed on average 6 ± 4.58 years and 6 ± 6.06 years after PD onset in Asian and 
Caucasian patients, respectively (p = 0.872). The average PS duration was 3.97 ± 2.47 years in 
Asian patients and 1.7 ± 1.51 years in Caucasian ones (p = 0.64) (Table S3). 

PS patients in Caucasians took more LEDD than in Asian patients (p = 0.03) (Table S1). 

The multiple logistic regression analysis showed that disease duration (adjusted OR, 1.200; 
95% CI, 1.03–1.399; p = 0.02), MDS-UPDRS II (adjusted OR, 1.137; 95% CI, 1.001–1.29; p = 
0.048), and axial score (adjusted OR, 1.232; 95% CI, 1.015–1.494; p = 0.035) were significantly 
associated with the presence of PS (Table S5). 

3.1.4. Appendicular PA 

AppPA showed a prevalence of 7.1% (n = 13) in Asian patients and 2.1% (n = 3) in Caucasian 
patients, that was statistically different (p = 0.036, Table 2). AppPA was first noticed on 
average 5.31 ± 5.58 years and 4 ± 5.29 years after PD onset for Asia and Caucasian patients, 
respectively (p = 0.945). The average appPA duration was 3.42 ± 2.91 years in Asian patients 
and 10.33 ± 16.17 years in Caucasian ones (p = 0.946) (Table S2). 

AppPA patients in Asian were younger than Caucasian patients (p = 0.043). 



The multiple logistic regression analysis showed that lower BMI (adjusted OR, 0.835, 95% CI, 
0.714–0.977; p = 0.024), and a longer disease duration (adjusted OR, 1.140, 95% CI, 1.036– 
1.254; p = 0.007) were variables significantly associated with its presence (Table S3). 

4. Discussion 

We performed a multicenter, cross-sectional study evaluating 326 PD outpatients attending 
tertiary movement disorder centers in Europe and Asia, with the aim to compare PA 
prevalence and features between Caucasian and Asian PD populations. 

We found a global axial PA prevalence of 23.9% without statistically significant differences 
between Asian and Caucasian patients (23.6% vs. 24.3%; p = 0.36). Specifically, no 
differences between CC, PS, AC and combined axial PA prevalence were found between the 
two ethnicities. The overall prevalence of appPA was 4.9%, with Asian patients being more 
affected from striatal hand or foot than Caucasian ones (p = 0.036). 

This is the first study directly comparing the PA prevalence, including an extensive clinical 
assessment of PD patients belonging to different ethnicities, by using the same systematic 
approach. 

A few previous data suggested that the PA prevalence in Asian PD population was higher when 
compared to PD patients of other ethnicities [1,10]. However, no comparisons were 
performed and differences were postulated by the comparison of prevalence from different 
studies employing heterogeneous diagnostic criteria and measurement tools for PA 
definition. 

Our findings, did not confirm the hypothesis of a higher rate of axial PA in Asian patients if 
compared to the Caucasian ones. Moreover, we did not find any difference also considering 
the single forms of axial PA prevalence (namely, CC, PS, and AC) and both univariate and 
multiple logistic regression, adjusted for sex and disease duration, confirmed the absence of 
an association between axial PA and ethnicity. Interestingly, while acknowledging a longer 
disease duration for Caucasian AC patients vs. Asian ones, we observed that AC had a 
significantly earlier onset in Asian patients but was more severe in Caucasian ones. 

In our study, the prevalence of CC was 11.5% in Asian and 11.8% in Caucasian patients. 
These data are similar to the ones recently published in a multicenter Italian study on PA 
(11.2%) [2]. 

PS prevalence was 3.3% in Asian and 4.2% in Caucasian populations. The low prevalence of 
PS in our study is similar to the one reported by previous studies (1% and 3.6% respectively) 
[28,29]. At the same time, the general prevalence of PS seems to be lower in our study than 
previously reported from Italian studies (8–8.8%) [2,25]. This difference may be due to 
differences in diagnostic criteria, measuring methods, and sample sizes among different 
studies. Nevertheless, if we extract the prevalence of PS among our Italian patients, we found 
a percentage of 6.5% (data not shown), which is quite similar to the ones reported by previous 
Italian studies [2,25]. PS higher prevalence has been associated to an older age, a lower BMI, 
a longer disease duration, higher HY, and to a combination of levodopa plus dopamine- 
agonist [2,25]. Once comparing our Italian PD patients with the other enrolled patients of our 
study, including Caucasians and Asians, we do not find those differences (Table S1). 



Furthermore, no statistically difference was pointed out for AC prevalence (17.6% in Asian vs 
22.9% in Caucasian patients). AC seems overrepresented in our population when compared 
with previous findings from an Italian multicenter study reporting a 6.5% prevalence [2]. We 
explain this finding by the accuracy of the method we used for AC diagnosis, which 
considered a C7- tragus angle ≥45° by means of photo analysis, independently from the 
presence of other postural deformities, such as a thoracic anterior flexion. 

Concerning appPA, we found that 7.1% of Asian and 2.1% of Caucasian PD patients can 
suffer from an isolated or combined form of striatal hand or foot. This prevalence is lower than 
the reported in previous studies [9]. At the same time, the clinical features associated with 
appPA, encompassing a lower BMI, a younger age at PD onset, higher clinical symmetry, and a 
smaller number of falls than patients with axial PA, are partly consistent with and partly add 
more information to the few previous studies, reporting that appPA often occurs in patients 
with a younger age at PD onset [9]. Shared diagnostic criteria for the identification of striatal 
hands and feet are missing. This aspect should be considered when interpreting the 
differences we observed in the prevalence of appPA. Moreover, according to our study design, 
we performed an initial more comprehensive evaluation of patients based on MDS-UPDRS 
3.13 item ≥1, and mild app striatal deformities, in the absence of axial postural abnormalities, 
could have been overlooked. 

In general, patients with axial PA were more often male, older, with longer disease duration, 
more severe motor symptoms, more advanced disease stage, and a higher load of 
dopaminergic therapy. PA patients also showed more commonly a PIGD phenotype with 
clinical symmetry and had poorer QoL, confirming the impact of PA on patients’ life. The 
multivariate logistic regression confirmed that male gender, longer disease duration, and 
higher axial score were associated with the presence of PA, similarly to data reported in 
previous studies [2,6], though not confirming the association with a higher LEDD. Once 
stratifying this analysis for ethnicity, different variables appear to be significant, being male 
gender and a higher axial score significant in both groups but a longer disease duration 
significant only for Caucasian patients. This finding highlights the role of disease duration for 
axial PA development among Caucasian patients, while this is not confirmed for Asian ones. 

When considering the entire cohort (independently from the presence of PA), it must be 
considered that both Caucasian and Asian patients shared similar sex distribution, age, age 
at PD onset, disease duration, HY stage, MDS-UPDRS II and III, lateralization of PD onset and 
QoL. Conversely, Caucasian patients had a higher weight (p < 0.0005), and slightly higher 
falling rate (p = 0.046) than Asian patients. However, Asian patients had a more severe axial 
score than Caucasian ones (p = 0.001), suggesting that Asian patients could develop more 
severe axial symptoms. In addition, they seem to tend to develop PA earlier than Caucasian 
ones, even if PA latency did not reach the statistical difference (3.9 vs. 5.3 years). However, 
latency for PA development was a secondary, retrospectively collected outcome and it should 
be considered that self-reported PA occurrence could be overlooked. 

In spite of no difference in age between the whole Asian and Caucasian populations enrolled, 
Caucasian patients with PA were older than Asian patients with PA (p = 0.011), and had a 
longer disease duration (p = 0.03). According to the time to PA onset, this finding might be 
further in favor of a later development of PA in Caucasian vs. Asian patients, especially 



concerning AC. It would be interesting to analyze in future prospective studies whether not 
only the LEDD, which seems similar in our study with the only exception for the PS group, but 
also the combination and sequences of introduction of different antiparkinsonian treatments, 
which is presumably different among Asia and Europe (levodopa vs. dopamine-agonist-vs. 
amantadine) may have an effect in delaying the onset of PA or if this finding is merely related 
to phenotypic or ethnicity differences. On a related note, differences in the delay of 
appearance of PA, which seems earlier in Asian patients, even if Caucasians seem to have 
more severe AC, merit to be further investigated by means of prospective studies, which could 
adequately consider possible differences in environmental and genetic factors and 
comorbidities and not only antiparkinsonian treatment approaches. Indeed, also regarding 
environmental factors, there is a scarcity of large epidemiological studies in the Western 
Pacific Region; moreover, lower level of physical activities, and higher risk of type 2 diabetes 
seem to characterize Western PD patients if compared to Eastern ones, and these factors 
could contribute to delay in PA appearance [30]. 

Finally, among the three main axial PA, we found that both in Asian and Caucasian PD 
patients, PS may develop in more advanced disease phases and after a longer disease 
duration than CC and AC, endorsing the hypothesis of a different pathophysiology between 
the three PA [1,2]. 

The interpretation of results should consider our study shortcomings. First, the cross- 
sectional design and the fact that the collection of information such as PA 
appearance/duration was based on patients’ interview. Second, several Asian PD patients did 
not allow us to take pictures with clothes off, as per a cultural aspect, thus making the exact 
calculation of angles slightly less precise. Third, lack of consensus for AC and PS 
measurement and diagnostic criteria should be considered in the comparison of our findings 
with those of previous studies. Finally, we assessed PA in the Med On condition as several 
patients lived in rural area far from the hospital and it was logistically not possible to perform 
an outpatient assessment in the Med Off condition. This could partly have induced un 
underestimation of PA prevalence, inducing a specific focus on dopaminergic unresponsive 
PA. 

In conclusion, our study does not confirm the role of ethnicity as a risk factor for axial and app 
PA development when comparing Asian vs. Caucasian PD patients. However, it is possible 
that Asian patients tend to develop PA earlier and with a higher prevalence of striatal hand 
and foot deformities than Caucasian ones. We confirm that the most relevant 
demographic/clinical features associated with PA in both ethnicities is male sex (ratio 2.3:1), 
with disease duration being a risk factor only for Caucasian patients. Nowadays, having a 
global perspective, by means of multicenter global studies, on parkinsonian symptoms 
whose treatment remains challenging, may be useful to understand the pathophysiology and 
reach better management of those symptoms. 
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Fig. 1. The measurement of body angles. In lateral view, neck flexion (NF) and knee flexion (KF) 
(A), total trunk flexion (TTF) (B), and upper trunk flexion (UTF) (C). 

In back view, lateral flexion (LF) (D) is shown. Neck flexion angle (NF) was defined as the angle 
between two intersecting lines between a line drawn through 

anatomical markers at C7 and the tragus of the ear, and vertical line through C7. Total trunk 
flexion (TTF) was defined as the angle between the line connecting the 

C7 with L5 and the line connecting L5 with the lateral malleolus. Upper trunk flexion (UTF) was 
defined as the outer angle between the two lines between the line 

connecting L5 with a fulcrum and the line connecting C7 with fulcrum which fulcrum was a 
line perpendicular to the ground and was the most distant point 

perpendicular to the L5/C7 line. Lateral flexion angle (LF) was defined as the angle between a 
vertical line and the line connecting the posterior process of the C7 

and L5. 



 

 
Table 1 

Prevalence and clinical features of PD patients with PA 



 

PA: postural abnormalities; BMI: Body Mass Index; H&Y: Hoehn and Yahr scale; MDS-UPDRS: 
International Parkinson and Movement Disorder Society – Unified 

Parkinson’s Disease Rating Scale; PIGD: Postural instability/gait difficulty; PDQ-8: Parkinson’s 
Disease Questionnaire-8; (*): MDS-UPDRS part IV assessment is 

available only for 280 patients, including 158 Asian and 122 Caucasian. 

Table 2 

Demographic and clinical features and their differences between PD patients without axial PA 
and app PA and PD patients with axial PA and app PA 



 

Table 3 

Demographic and clinical features and their differences between 

Asian and Caucasian PD patients. 

PA: postural abnormalities; BMI: Body Mass Index; H&Y: Hoehn and Yahr scale; 

MDS-UPDRS: International Parkinson and Movement Disorder Society – Unified 

Parkinson’s Disease Rating Scale; PIGD: Postural instability/gait difficulty; PDQ- 

8: Parkinson’s Disease Questionnaire-8. (*): MDS-UPDRS part IV assessment is 

available only for 65 patients, including 34 Asian and 31 Caucasian. 



 
 
 
Table 4 

Demographic and clinical features associated with axial PA* 
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