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Abstract
Early Parkinson’s disease (PD) may cause respiratory dysfunction; however the findings vary among studies. The aim of 
the preliminary prospective observational study was to explore the deterioration of pulmonary function at various stages 
in patients with early PD. A total of 237 patients with PD were screened. Fifty-six patients were included (modified Hoehn 
and Yahr stage ≤ 2.5). In addition, 56 age-matched healthy controls were also included in the study. Significant differences 
between the PD and control groups were found in all the investigated lung-function parameters. The maximal voluntary 
ventilation (MVV) percent predicted was the only parameter that distinguished PD stages (101.1 ± 14.9% vs. 82.8 ± 19.2% vs. 
71.4 ± 12.9%, Hoehn and Yahr stages 1.5 vs. 2 vs. 2.5, respectively; p < 0.005). MVV could be the most sensitive parameter 
for distinguishing the severity of early-stage PD.

Keywords Early Parkinson’s disease · Respiratory dysfunction · Maximal voluntary ventilation · Pulmonary function 
testing

Introduction

Parkinson’s disease (PD) is a progressive extrapyramidal 
motor disorder characterized by worsening disability and 
immobility. While the most prevalent symptoms of PD 
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are motor function impairments, non-motor dysfunctions 
may present prior to motor impairment [1, 2]. PD-related 
respiratory dysfunction was observed as early as in 1817 
[3]. However, Storch et al. found that non-motor symptoms 
are heterogeneous and complex and do not correlate with 
patients’ demographic and/or motor functions [4]. Although 
this study did not investigate pulmonary function, various 
researches have reported heterogeneous pulmonary func-
tion in patients with PD. In a recent systematic review, the 
authors investigated 18 studies that assessed pulmonary 
function in PD patients [5]. Obstructive dysfunctions were 
identified in eight studies and restrictive dysfunctions were 
identified in six studies. These dysfunctions overlapped in 
one study. Moreover, five studies did not report any deterio-
ration compared to either healthy control group or predicted 
values. Especially in early PD, it seems that only a reduction 
in respiratory muscle strength was observed and again the 
results regarding pulmonary function were contradictory [6, 
7]. This study aimed to explore the deterioration of pulmo-
nary function in early PD at various stages.

Methods

This preliminary prospective observational study was 
approved by the Ethics Committee of Beijing Rehabilitation 
Hospital, Capital Medical University (No. 2019bkky-001). 
Consecutive patients diagnosed with idiopathic PD between 
January and November 2020 were screened for eligibility. 
This single-center study was conducted at the Neurological 
Rehabilitation Center, Beijing Rehabilitation Hospital. Writ-
ten informed consent was obtained from all patients prior 
to the study.

The inclusion criteria were as follows: patients with 
(1) idiopathic PD diagnosed by a neurologist according to 
the Movement Disorder Society criteria [8] with modified 
Hoehn and Yahr (H&Y) stage ≤ 2.5   [9]; (2) stable vital 
signs, with no serious cardiopulmonary disease (such as 
chronic obstructive pulmonary diseases, bronchial asthma, 
and heart failure). Nucleic acid screening, blood tests and 
chest CT were performed to rule out the possibility of 
COVID-19 and other pulmonary diseases (3) stable medi-
cation status, with no drug adjustments within 3 months; 
(4) comorbidities did not require special in-hospital treat-
ment; (5) absence of deep brain stimulation therapy or 
in vivo implantation treatment; (6) the ability to sit unsup-
ported and complete the examination; and (7) the ability 
to completely understand and willingly sign the informed 
consent form. Patients who met any of the following cri-
teria were excluded: (1) active smokers or those who quit 
smoking ≤ 5 years prior; (2) diagnosed with pulmonary dis-
eases including active pulmonary disease within 1 month 
of the study; (3) inability to provide proper effort during 

pulmonary function tests; (4) a Clinical Dementia Rating 
[10] score > 0.5; or (5) a hearing impairment.

After oral administration of drugs for PD, pulmonary 
function test was performed by trained and qualified per-
sonnel using standardized equipment according to the 
guidelines [11, 12]. All tests were performed at the same 
time of the day, in the morning hours (09:00–12:00 am), to 
minimize possible diurnal variation. Forced vital capacity 
(FVC), forced expiratory volume in 1 s  (FEV1), peak expira-
tory flow (PEF) and maximal voluntary ventilation (MVV) 
were measured by spirometry, whereas total lung capacity 
(TLC), residual volume (RV), diffusing capacity of the lungs 
for carbon monoxide (DLCO) were measured using the sin-
gle-breath method (MasterScreen-PFT, Jaeger, Höechberg, 
Germany). The predicted value for MVV (MVV%Pred) was 
determined based on previous studies [13]. Other predicted 
values were calculated using the European Community of 
Coal and Steel prediction equations [14]. Maximal inspira-
tory pressure (MIP) was measured using a hand-held mouth 
pressure meter (POWERbreathe KH2, HaB Ltd., UK). The 
MIP was expressed as a percentage of the predicted values 
introduced in a previous study [15].

The sponsored revision of the Unified Parkinson’s Dis-
ease Rating Scale (MDS-UPDRS) was applied to assess 
non-motor and motor experiences of daily living and motor 
complications [16].

Age-matched healthy controls were included in the study. 
They were healthy at the time of the study and were screened 
for the same exclusion criteria as the PD patients.

Statistical analyses were performed using MATLAB 
R2015a (MathWorks, Inc., Natick, USA). The Lilliefors 
test was used to test for normality. For normally distributed 
data, the results are expressed as mean ± standard deviation. 
A paired t test was used to compare the healthy controls 
and patients with early PD. One-way ANOVA was used to 
compare the pulmonary function parameters at various PD 
stages. The chi-square test with Yates correction was used 
for categorical variables where applicable. A p value < 0.05 
was considered statistically significant. The Holm–Bonfer-
roni method was used to adjust the significance levels for 
multiple comparisons.

Results

A total of 237 PD patients were screened and finally 56 early 
PD patients were included. In addition, 56 age-matched 
healthy controls were included. Table 1 compares the demo-
graphic and pulmonary function parameters between the PD 
and control groups. Significant differences were found in 
all the investigated parameters. Further comparisons were 
conducted for pulmonary function parameters at various PD 
stages (Fig. 1). FEV1%pred began to decrease at H&Y Stage 
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2.5. PEF %pred started to decrease at Stage 2. Early PD 
(even started from stage 1.5) showed a significant drop of 
RV %pred but the values were similar among studied H&Y 
stages. MVV percent predicted was the only parameter that 
distinguished PD stages after adjusting for significance lev-
els for multiple comparisons. MIP %pred was 77.8 ± 18.5, 
62.8 ± 44.7 and 56.7 ± 29.5 for H&Y stages 1.5, 2 and 
2.5, respectively. The MDS-UPDRS score was 10.8 ± 4.5, 
27.3 ± 8.2, and 37.3 ± 12.9 for H&Y stages 1.5, 2 and 2.5, 
respectively.

Discussions and Conclusion

In this study, we investigated the pulmonary function of 
patients with early PD. Similar to some of the previous 
studies, our patients had both obstructive and restrictive 
dysfunctions. MVV could be the most sensitive parameter 
for distinguishing the severity of PD during the early stages.

Respiratory muscle dysfunction is often observed in PD 
patients [17]. Some studies have suggested that the patho-
logical changes in PD occur first in the medulla [1], which 
is known to control respiratory depth and rate. However, 
the restrictive respiratory dysfunction pattern in PD is not 
yet fully understood. It may be associated with abnormal 
function of the accessory respiratory muscles, abnormal 
ventilatory control, and increased chest wall rigidity [18]. 
Studies have reported upper airway obstruction in PD, which 
is associated with tremor, bradykinesia, and dystonia [19]. 

Consequently, the reduction in respiratory muscle strength 
might lead to a deterioration of pulmonary function. A recent 
review has showed that respiratory training may improve 
pulmonary function [20]. Although the parameters PEF and 
MIP are associated with muscle strength, they might not 
be sensitive enough to distinguish the reduction in the res-
piratory muscle strength at various early H&Y stages [7]. 
Zhang et al. conducted a study that included only patients 
with H&Y Stage 1 and healthy controls [6]. In their study, 
MIP %predicted was 38.82 ± 16.87 for PD and 53.17 ± 16.00 
for healthy controls. Compared with the MIP %predicted in 
our study (Fig. 1), their results were extremely low for both 
PD and healthy controls. Since the details were not given in 
the Zhang et al. study, we speculated that the training of the 
subjects and the predicted values used in the studies were 
different. Nevertheless, MVV reflects the muscle endurance, 
which appears to be affected in the early stages of PD. Only 
a few studies investigated MVV in early PD patients. Polatli 
et al. proposed that MVV was the most affected parameter 
correlated with the PD severity [21]. In that study, 21 PD 
patients from H&Y Stages 1 to 3 were included. When 
testing MVV, the patient is required to exhale and inhale 
maximally and deeply at the fastest rate, preferably for 12 s. 
The procedure requires the patient to have some respiratory 
muscle strength and endurance. As PD is a neuromuscu-
lar disease that impairs the strength and endurance of the 
patient's respiratory muscles, MVV is a more sensitive indi-
cator of thoracic activity and airway resistance. Therefore, 
our findings further support the use of MVV to help assess 

Table1  Comparison of demographics and pulmonary function parameters between the Parkinson’s disease and control groups

yrs years; %pred percent predicted; FEV1 forced expiratory volume during the first second; FVC forced vital capacity; PEF peak expiratory flow; 
RV residual volume; TLC total lung capacity; MVV maximal voluntary ventilation; DLCO diffusing capacity of the lung for carbon monoxide; 
PD Parkinson’s disease; H&Y Hoehn&Yahr stages
*Significantly different between healthy and PD groups after post-hoc adjustment
# Significantly different among healthy and 3 H&Y stages after post-hoc adjustment

Healthy
N = 56

PD
N = 56

P* H&Y 1.5
N = 5

H&Y 2.0
N = 36

H&Y 2.5
N = 15

P#

Age (yrs) 60.2 ± 8.2 59.9 ± 8.6 0.82 51.8 ± 11.0 61.0 ± 6.8 59.7 ± 10.7 0.13
Height (cm) 165.3 ± 7.3 165.6 ± 7.5 0.88 165.4 ± 6.4 164.7 ± 7.8 167.7 ± 7.0 0.58
Weight (kg) 66.8 ± 10.7 65.3 ± 8.9 0.43 67.4 ± 5.8 65.6 ± 9.3 64.1 ± 9.0 0.83
Gender (m:f) 24:32 30:26 0.34 4:1 17:19 9:6 0.32
PD duration (yrs) n.a. 7.2 ± 4.6 4.8 ± 3.7 7.0 ± 4.8 7.4 ± 4.9
FEV1%pred 102.5 ± 11.3 93.5 ± 15.0  < 0.001* 95.6 ± 7.7 96.5 ± 13.5 85.7 ± 17.7  < 0.001#

FVC %pred 104.4 ± 11.3 97.9 ± 15.5 0.01 96.1 ± 8.1 101.8 ± 13.8 88.5 ± 18.4  < 0.001#

FEV1/FVC 0.81 ± 0.05 0.78 ± 0.06 0.006* 0.82 ± 0.06 0.78 ± 0.04 0.78 ± 0.05 0.04
PEF %pred 99.8 ± 14.2 81.9 ± 21.2  < 0.001* 97.4 ± 11.1 82.4 ± 20.9 75.4 ± 22.5  < 0.001#

RV %pred 111.3 ± 22.2 64.5 ± 30.9  < 0.001* 67.5 ± 21.1 61.0 ± 31.1 72.0 ± 33.1  < 0.001#

TLC %pred 95.7 ± 10.4 81.8 ± 17.7  < 0.001* 85.0 ± 12.0 82.1 ± 19.2 80.0 ± 16.3  < 0.001#

MVV %pred 97.8 ± 14.0 80.9 ± 19.2  < 0.001* 101.1 ± 14.9 82.8 ± 19.2 71.4 ± 12.9  < 0.001#

DLCO %pred 86.9 ± 12.8 77.4 ± 22.5 0.007* 71.9 ± 15.0 75.6 ± 26.1 83.3 ± 13.1 0.03
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patients' neurophysiological conditions due to pulmonary 
impairment.

One major limitation of this study was the small number 
of subjects at various PD stages. Moreover, the study was 
conducted at a single time point without measuring the dif-
ferences in pulmonary functions during an “off” state. Future 
studies should include more patients at various PD stages 

with motor fluctuations. Another limitation was that we clas-
sified PD patients only according to the H&Y stage. The 
H&Y stages are defined based on mobility, without consid-
ering mental, behavioral, or other non-motor problems. This 
may be irrelevant in patients with mild motor symptoms, 
but may influence the evaluation of patients with moderate 
or severe non-motor symptoms. The correlation between 

Fig. 1  Comparison of pulmo-
nary function parameters at dif-
ferent H&Y stages. H&Y stage 
Hoehn and Yahr (H&Y) stage; 
%pred percent predicted; FEV1 
forced expiratory volume during 
the first second; FVC forced 
vital capacity; PEF peak expira-
tory flow; RV residual volume; 
TLC total lung capacity; MVV 
maximal voluntary ventilation; 
DLCO diffusing capacity of the 
lung for carbon monoxide



329Lung (2022) 200:325–329 

1 3

pulmonary function, PD stages, and non-motor symptoms 
should be investigated in further studies.
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