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Article

Introduction

Parkinson’s disease (PD) is a neurodegenerative disor-
der characterized by loss of dopaminergic neurons in the 
substantia nigra, leading to motor and non-motor symp-
toms (Rai & Singh, 2020). The prevalence of PD for 
individuals aged 65 or older is 1.7% in China (Zhang 
et al., 2005). It was predicted that by 2030, there will be 
5 million PD patients in China, more than half of the 
world’s total (Dorsey et al., 2007).

Over the last few decades, clinicians and researchers 
have recognized most of the symptoms of PD and the 
corresponding treatment and interventions have become 
commonly used in clinical practice. Since the 1990s, 
several studies have focused on the nutritional problems 
of patients with PD. It was found that patients with PD 
experienced significantly more weight loss and malnu-
trition than age-matched healthy controls (Beyer et al., 
1995; van der Marck et al., 2012). According to a sys-
tematic review, the prevalence of malnutrition in patients 
with PD ranged from 0% to 24%, while risk of malnutri-
tion ranged from 3% to 60% (Sheard et al., 2011). Such 
wide variations were due to differences in assessment 

tools and sampled populations. Malnutrition may impact 
PD progression, especially among the elderly, giving 
rise to dyskinesia, cognitive decline, orthostatic hypo-
tension, and resulting in lower quality of life, even dis-
ability and mortality (Ma et al., 2018).

Up to now, the nutritional status of elderly patients 
with PD remains poorly understood. The precise inci-
dence of malnutrition and the associated factors remain 
unclear due to limited large sample studies and compre-
hensive analyses. Consequently, nutrition issues often 
go unnoticed and receive inadequate treatment. The 
objective of this study is to assess the nutritional status 
of elderly Chinese patients with PD through a compre-
hensive cross-sectional analysis of a large sample, iden-
tify potential associated factors, and provide precise 
clinical information for future intervention studies.
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Abstract
Introduction: To investigate the nutritional status of elderly Chinese patients with Parkinson’s disease (PD) and 
analyze possible factors related to nutritional problems. Methods: Patients with PD aged 65 years or older were 
enrolled. Anthropometric assessment and Mini Nutritional Assessment were used to determine nutritional status. 
Various scales were completed to identify potentially related factors, such as Hoehn and Yahr stage (H&Y stage), 
30 mL water swallow test, Clock Drawing Test (CDT), and Charlson Comorbidity Index (CCI). Results: 785 
patients were enrolled. The prevalence of malnutrition and risk of malnutrition was 3.1% (24/785) and 25.7% 
(202/785), respectively. Regression analyses indicated that H&Y stage ≥ 3 (OR: 2.151; 95%CI: 1.174–3.941; p = .013), 
abnormal water swallow test (OR: 4.559; 95%CI: 2.130–9.759; p < .001), CDT score < 6 (OR: 2.810; 95%CI: 
1.534–5.148; p = .001), and CCI (OR: 1.621; 95%CI: 1.238–2.124; p < .001) were considered to be potential factors 
associated with low BMI. Conclusion: 28.8% of elderly PD patients were in abnormal nutritional status. Disease 
severity, dysphagia, cognitive function, and comorbidities might be related factors.
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Methodology

Subjects

In this multi-center cross-sectional study, a total of 785 
consecutive patients (aged ≥ 65 years) diagnosed with 
idiopathic PD were recruited between December 2019 
and December 2022 from four hospitals in Zhejiang 
Province, China: the Second Affiliated Hospital of 
Zhejiang University (Jiefang Campus), Binjiang 
Hospital, International Medical Center, and Taizhou 
Central Hospital. The diagnosis was made according to 
the clinical diagnostic criteria of the Movement Disorder 
Society (Postuma et al., 2015). Patients with other types 
of parkinsonism or those unable to complete the ques-
tionnaires were excluded from the study. All patients 
were evaluated and followed by movement disorder 
specialists.

Assessment

Demographic data (age, sex, years of education), disease 
duration, and the details of patients’ current therapies 
(medication, surgical treatment, and rehabilitation) were 
collected using a specially designed questionnaire.

Nutritional assessments included anthropometric 
assessments and the Mini Nutritional Assessment 
(MNA). Height, weight, body mass index (BMI) and tri-
ceps skin-fold thickness (TSFT) were selected as anthro-
pometric indicators. TSFT was performed by vertically 
pulling out the skinfold 1 inch above the midpoint and 
applying the caliper jaws at the center of the standard 
midpoint. MNA is a scale designed to assess the nutri-
tional status of individuals over 65 years of age. It is 
composed of a set of brief questions and simple mea-
surements. MNA provides high sensitivity and specific-
ity (Vellas et al., 1999). Moreover, the MNA is widely 
used in different populations for nutritional screening of 
patients with PD (Lin et al., 2020; G. Wang et al., 2010; 
Yang et al., 2020). The maximum score on the MNA test 
is 30 points from 18 items. A score less than 17 is indica-
tive of undernutrition. A score of 24 points or more indi-
cates a good nutritional status, and a score equal to or 
greater than 17, but equal to or less than 23.5 is indica-
tive of a risk of undernutrition. Anthropometric and 
MNA were performed by two nutrition specialist nurses 
in our team.

The modified Hoehn and Yahr staging scale (H&Y) 
was used to evaluate disease severity (Goetz et al., 
2004). It is generally considered that an H&Y stage of 1 
to 2.5 indicates the early stage of PD and a score of 3 to 
5 indicates an advanced stage.

The Clock-Drawing Test (CDT) was used to assess 
patients’ cognitive function. CDT is a rapid and simple 
cognitive screening tool with a high correlation with the 
Mini-Mental State Examination (Agrell & Dehlin, 
2012). Patients were asked to draw a clock, put in all the 
numbers, and set the time to 10 min past 11. There are 

many different scoring systems for the CDT, and we 
selected the widely used Sunderland scoring system 
(Sunderland et al., 1989). The Sunderland scoring sys-
tem is a 10-point scale that assesses the integrity of the 
clockface, the layout of the numbers, and the position of 
the hands. A score of 6 or less is considered “abnormal,” 
indicating significant cognitive impairment.

The 30 mL water swallow test was used to assess 
swallowing function (González-Fernández et al., 2013). 
Patients were instructed to drink 30 mL of room-temper-
ature water while in a seated position. Based on the 
swallowing time and the presence of choking, the swal-
lowing function was divided into 5 levels: level 1, can 
swallow water smoothly; level 2, can swallow more than 
twice, and does not appear to choke/cough when swal-
lowing; level 3, swallowing can be done once, but is 
accompanied by choke/cough; level 4, requires two or 
more attempts to complete a swallow, and choke/cough 
occurs; level 5, frequent choking and coughs, and can-
not swallow. A level of 1 or 2 with swallowing com-
pleted within 5 s was considered normal, while the 
remaining levels were considered abnormal, indicating a 
risk of choking and aspiration.

Comorbidities are very common in the elderly popu-
lation and are closely related to nutritional status. We 
used Charlson Comorbidity Index (CCI) to assess 
comorbidities, which is the most commonly used 
(Charlson et al., 1987). In this study, age was considered 
as an independent variable, so the CCI score was not 
adjusted for age.

Ethics Committee

The study was approved by the ethics committee of the 
Second Affiliated Hospital of Zhejiang University (No. 
2018-186). Written informed consent was obtained from 
all participants, according to the Declaration of Helsinki.

Statistical Analyses

The Kolmogorov-Smirnov test was used for normality 
testing. Continuous variables are reported as the mean ± 
standard deviation (SD) or median and interquartile 
range (IQR), and were analyzed by an independent t test 
or Mann–Whitney U-test, respectively. The one-way 
analysis of variance (ANOVA) was used when three or 
more independent groups were analyzed. Categorical 
data were represented as frequencies (percentages) and 
were analyzed using the chi-square test or Fisher’s exact 
test.

A forward stepwise logistic regression model was 
performed to detect the interplay between nutritional 
status and clinical parameters. Abnormal nutrition 
(MNA ≤ 23.5) was used as a dependent variable. Sex, 
age, H&Y stage, disease duration, education level, CDT 
score, water swallow test score, and CCI score were 
considered covariables. The Goodness of Fit test was 
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performed following the method of Hosmer and 
Lemeshow. Multicollinearity diagnostics were exam-
ined by computing the variance inflation factor (VIF). 
The cutoff threshold was a VIF value above 5. 
Multicollinearity was not a problem in this study, all 
VIF were <5.

Two-tailed p-values were calculated for all analyses. 
The alpha level of significance was set at 0.05. All anal-
yses were performed using SPSS version 25 (IBM, 
Chicago, IL).

Results

Population Characteristics and Group 
Comparisons

Demographic and clinical characteristics of patients 
with different nutritional statuses are presented in 
Table 1. From all 785 patients enrolled, 559 (71.2%) 
patients presented with a normal nutritional status 
(MNA ≥ 24), 202 (25.7%) patients presented with at 
risk of undernutrition (17 ≤ MNA ≤ 23.5), and 24 
(3.1%) patients presented with malnutrition (MNA < 17).

As shown in Table 1, we identified significant differ-
ences between the three groups based on age, disease 

duration, height, weight, BMI, water swallow test result, 
CDT score, triceps skinfold thickness, H&Y stage and 
CCI score. When merging the at risk of malnutrition 
group with the malnutrition group into a separate group 
(MNA ≤ 23.5, abnormal nutrition group), between-
group differences were identified based on the same 
variables detailed above when compared to the normal 
nutrition group. There were no significant differences in 
the sex and education levels between groups.

Logistic Regression

With low BMI (≤18.5) as the dependent variable, we 
first performed univariate analysis and included statisti-
cally significant variables (age, CDT score < 6, abnor-
mal water swallow test, CCI score) in the regression 
analysis. Based on clinical experience, we considered 
that H&Y stage, sex, education level, and disease dura-
tion might be related to nutritional status and therefore 
included them in the regression analysis, although they 
were not statistically significant.

Data from binary logistic regression analyses are 
shown in Table 2. H&Y stage ≥ 3, abnormal water swal-
low test, CDT score < 6, and higher CCI score are 
strongly associated with low BMI. Age, sex, disease 

Table 1. Demographic and Clinical Features of Different Nutritional Statuses.

Variables Normal (A) At risk (B)
Malnutrition  

(C)
Abnorml  
(B+C) p-Valuea p-Valueb

Number 559 202 24 226  
Age (years), mean (SD) 70.54 ± 4.36 73.43 ± 5.40 74.18 ± 7.22 73.50 ± 5.58 <.001 <.001
Female/male 259/300 87/115 9/15 96/130 .540 .366
Years of education (%) .092 .238
 ≤6 294 (52.6) 90 (44.6) 17 (70.8) 107 (47.3)  
 >6, ≤9 118 (21.1) 45 (22.3) 3 (12.5) 48 (21.2)  
 >9, ≤12 88 (15.7) 47 (23.3) 2 (8.3) 49 (21.7)  
 >12 59 (10.6) 20 (9.9) 2 (8.3) 22 (9.7)  
D isease duration (years), 

median (IQR)
6 (4–9) 8 (6–11) 9 (5–13) 8 (5.5–11) <.001 <.001

Height (cm), mean (SD) 162.28 ± 8.02 159.92 ± 8.23 160.58 ± 7.65 159.99 ± 8.14 .042 .012
Weight (kg), mean (SD) 64.80 ± 10.02 53.85 ± 8.83 50.13 ± 9.67 53.46 ± 8.95 <.001 <.001
BMI (kg/m2), mean (SD) 24.52 ± 2.90 21.01 ± 2.79 19.30 ± 2.54 20.83 ± 2.80 <.001 <.001
Swallow test, median (IQR) 1 (1–2) 1 (1–2) 2 (2–3) 2 (1–2) <.001 <.001
CDT, median (IQR) 10 (8–10) 8 (4–10) 5 (2–8) 8 (4–8) <.001 <.001
S kinfold thickness (mm), 
median (IQR)

15 (10–20) 10 (7–15.125) 8.5 (4.5–11.5) 10 (7–13.25) <.001 <.001

H&Y, median (IQR) 2 (2–3) 2.5 (2–3) 3 (2.5–4) 2.5 (2–3) <.001 <.001
 Stage 1, NO. (%) 32 (5.7) 4 (2.0) 0 (0) 4 (1.8)  
 Stage 1.5, NO. (%) 42 (7.5) 9 (4.5) 0 (0) 9 (4.0)  
 Stage 2, NO. (%) 270 (48.3) 67 (33.2) 0 (0) 67 (29.6)  
 Stage 2.5, NO. (%) 68 (12.2) 30 (14.9) 9 (37.5) 39 (17.3)  
 Stage 3, NO. (%) 124 (22.2) 81 (40.1) 9 (37.5) 90 (39.8)  
 Stage 4, NO. (%) 23 (4.1) 11 (5.4) 6 (25.0) 17 (7.5)  
CCI, mean (SD) 1.57 ± 0.96 2.32 ± 1.07 2.92 ± 1.06 2.38 ± 1.08 <.001 <.001

Note. SD = standard deviation; IQR = interquartile range; BMI = Body mass index; CDT = clock-drawing test; H&Y = Hoehn and Yahr; 
NO = number; CCI = Charlson Comorbidity Index.
The p-valuea in group A versus group B versus group C; p-valueb in group A versus group (B + C).
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duration, and education level were not statistically 
significant.

Discussion

The relationship between PD and nutrition has garnered 
increasing attention. The majority of studies have con-
centrated on mitigating the incidence of PD, unveiling 
potential neuroprotective effects associated with certain 
dietary patterns, food components, and medicinal plants 
(Prakash et al., 2014; Yadav et al., 2017) . However, 
there remains a dearth of research regarding the nutri-
tional status, related factors, and interventions for 
elderly patients already afflicted with PD.

Choosing the most suitable nutritional screening tool 
for PD remains controversial. MNA, malnutrition uni-
versal screening tool (MUST), Patient-Generated 
Subjective Global Assessment (PG-SGA), and BMI 
were used in previous studies (Barichella et al., 2013; 
Budrewicz et al., 2019; Sheard et al., 2013). We used 
MNA in this study because of its simplicity and efficacy 
in cross-sectional surveys.

The prevalence of malnutrition in patients with PD 
has also been controversial and based on prior studies 
using MNA, has ranged from 0% to 25.5% for malnour-
ished patients and 19.66% to 55.2% for patients at risk 
of malnutrition(Fereshtehnejad et al., 2014; Lin et al., 
2020; Tomic et al., 2017; Van Steijn et al., 2014; G. 
Wang et al., 2010; Yang et al., 2020). Some of these 
studies were conducted in East Asian populations, but 
their conclusions also varied widely (Lin et al., 2020; G. 
Wang et al., 2010; Yang et al., 2020). Such heteroge-
neous results may be due to the small sample sizes of 
previous studies, ranging from 35 to 556 patients. Small 
sample sizes may easily lead to statistical biases. The 
inclusion of all hospitalized patients, particularly those 
who were severely ill, in some studies resulted in a high 
prevalence rate. In addition, most of the studies did not 
strictly follow the scope of application of MNA and 
included some patients younger than 65 years, which 
may lead to deviation of the results. The difference in 
prevalence can also be explained by differences in race, 
living environment, and eating habits, among other 

factors. Our study included outpatient and ward patients 
with a wide range of disease severity. We evaluated 
patients over 65 years of age in accordance with the 
scope of application of MNA. Our results were similar 
to those of some other studies (Tomic et al., 2017), but 
slightly higher, both in terms of the prevalence of mal-
nutrition and risk of malnutrition. This may be due to the 
older mean age of the patients enrolled and the inclusion 
of inpatients.

This study showed that nutritional status was corre-
lated with H&Y stage. The data indicated that nutri-
tional status was associated with disease severity. As 
PD progressed, energy consumption increased due to 
tremors, rigidity, and dyskinesia, leading to a negative 
energy balance and ultimately to malnutrition. The 
prevalence of PD patients at risk of malnutrition was 
8.1%, 15.0% and 17.8% in H&Y stages 1, 1.5, and 2, 
respectively. Thus, nutritional problems can occur in 
the early stages of PD. A previous study also showed 
that people with early PD may experience a decline in 
BMI (Cheshire & Wszolek, 2005). Possible mecha-
nisms for this phenomenon included the disturbance of 
smell and taste, reduced postprandial ghrelin response, 
psychiatric symptoms such as anxiety, depression, and 
apathy, or drug-induced gastrointestinal symptoms. 
Thus, nutritional screening for patients with PD should 
begin at an early stage.

In addition to H&Y stage and age, logistic regression 
analyses revealed that the water swallow test and CDT 
were also independently related to nutritional status. It 
was previously reported that the prevalence of dyspha-
gia was 87.1% in the Chinese PD population (Ding 
et al., 2018). As a frequent non-motor symptom of PD, 
swallowing difficulties may disturb eating behaviors 
and limit food intake. Recent research findings revealed 
a distinct dysphagia pattern characterized by pharyngeal 
motor impairment, resulting in slow eating, choking, 
and an increased risk of aspiration pneumonia (P. Wang 
et al., 2024) . We hypothesize that this pattern of dyspha-
gia may lead to reduced energy intake, subsequently 
contributing to nutritional problems among PD patients.

In this study, we observed that patients with signifi-
cant cognitive impairment had a higher prevalence of 

Table 2. Factors Associated With Low BMI in Elderly PD Patients and Their Adjusted Odds Ratios.

Variables B OR(95%CI) p-Value

H&Y 1–2.5 1  
 3–5 0.776 2.151 (1.174–3.941) .013
Water swallow test normal 1  
 abnormal 1.517 4.559 (2.130–9.759) <.001
CDT 6–10 1  
 1–5 (poor) 1.033 2.810 (1.543–5.148) .001
CCI 0.483 1.621 (1.238–2.124) <.001

Note. B = regression coefficient; CI = confidence interval; H&Y = Modified Hoehn and Yahr staging scale; CDT = clock-drawing test; 
CCI = Charlson Comorbidity Index.
The full model for logistic regression analysis included age, sex, years of education (≤6 years, 7–9 years, >9 years), disease duration (≤5 years, 
5–10 years, >10 years), H&Y (1–2.5, 3–5), water swallowing test (normal: 1–2, abnormal: 3–5), CDT score (1–5, 6–10), and CCI score.
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nutritional problems. Several previous studies have 
noticed the association between cognitive decline and 
weight loss in PD patients (Lorefält et al., 2004). A ret-
rospective study found patients with decreased BMI 
during initial 6 months of follow-up showed lower level 
of cognitive function than patients with stable BMI and 
had faster decline in cognitive function over the follow-
ing 3 years. Decreased BMI during initial 6 months of 
follow-up in PD might be a useful indicator for future 
risk of dementia (Kim et al., 2012). This study corrobo-
rated the relation between cognition and nutritional sta-
tus in PD.

However, the causal relationship between nutritional 
status and cognitive function remains unclear, and the 
pathophysiological association needs further investiga-
tion. Cognitive impairments in PD are characterized by 
impairments in attention, executive function, and visuo-
spatial processing, which may be associated with eating 
behaviors (Emre et al., 2014). CDT serves as a highly 
sensitive measure of patients’ visuospatial perception 
and executive function. Consequently, our conclusion 
suggests that impairments in visual spatial abilities and 
executive function may contribute to nutritional issues 
in PD patients. Moreover, a study has found that cogni-
tive decline in PD is closely associated with gastroin-
testinal symptoms. MCI or dementia is more common 
among individuals with gastrointestinal symptoms, 
which may result from a disruption of the gut-brain 
axis (Jones et al., 2020). This may be another way to 
explain the relationship between cognitive function 
and nutritional status in PD patients, given the signifi-
cant association between gastrointestinal symptoms 
and nutritional status.

In addition to PD, other chronic diseases are preva-
lent among the elderly. These comorbidities signifi-
cantly affect the nutritional status of patients. Some 
possible reasons are: Diseases such as uncontrolled dia-
betes, malignant tumors, gastrointestinal diseases, and 
hyperthyroidism directly impact nutrient absorption and 
increase consumption. Comorbidities result in an 
increased range of medications, which can impact the 
appetite and gastrointestinal absorption. Prolonged pain 
and inconvenience caused by comorbidities may lead to 
depression and anxiety in older adults, subsequently 
affecting their appetite and eating behavior (Volkert 
et al., 2019). Comorbidities may restrict the mobility, 
making it challenging for them to engage in sufficient 
physical activity to stimulate appetite and promote 
digestion. Additionally, reduced social activities may 
also influence their eating preferences and habits. 
Limited economic conditions might prevent some older 
individuals from purchasing high-quality diverse foods, 
thereby limiting their overall nutrient intake (Dent et al., 
2023). A previous study investigated the comorbidity of 
PD patients nationwide in China, and the CCI scores of 
the same age group were basically consistent with 
results of this study (X. Wang et al., 2017). We analyzed 

comorbidities that affect CCI scores. Most prevalent 
diseases were cerebrovascular disease without sequelae 
(33.8%), mild diabetes (30.1%), and chronic obstructive 
pulmonary disease (13.9%). Our analysis found no sig-
nificant effects of individual diseases on patients’ nutri-
tional status; however, we did observe a positive 
correlation between the total CCI score and nutritional 
status. For individuals, we recommend actively manag-
ing comorbidities, controlling blood sugar levels, miti-
gating risk factors for cerebrovascular disease and 
smoking cessation.

The strength of this study is its large sample size. 
However, due to cross-sectional design, the temporal 
relationship between these factors and nutritional status 
cannot be determined. In addition, Assessment of social 
support and non-motor symptoms that may be related to 
nutritional status, such as anxiety, depression, and con-
stipation, were not included in the study. Multi-center 
cohort studies with large sample size and long follow-up 
are needed in the future.

Conclusion

This multi-center cross-sectional study provides the 
prevalence of malnutrition and risk of malnutrition in 
elderly Chinese patients with PD. Logistic regression 
reveals disease severity, ability to swallow, cognitive 
function and comorbid conditions were associated with 
nutritional problems. These risk factors provide new 
considerations for nutritional interventions, aside from 
nutritional supplementation.
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