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A B S T R A C T   

Background: Little is known about decline in lung function in Parkinson’s disease (PD). To assess these changes, 
we assessed the changes in lung function that occurred over 12 months in patients on standard PD therapy as part 
of the observational cohort of an open-label study of inhaled levodopa (CVT-301) in PD. 
Methods: PD patients on stable oral PD therapy and no chronic respiratory disease had spirometry and diffusing 
capacity of the lungs for carbon monoxide (DLCO) measured at 3, 6, 9, and 12 months. 
Results: 106 patients (81.5%) in the observational cohort on no investigational therapy completed the study. 
Mean FEV1 declined at 12 months from 2.88L at baseline with a mean change of − 0.11L, greater than the 
− 0.030–0.045L/year observed in healthy, non-smokers aged 60–70 years. FVC declined from 3.77L (mean 
change − 0.19L); FEV1/FVC ratio remained relatively constant. DLCO mean change was − 0.48 mL/min/mmHg 
from a baseline of 24.24 mL/min/mmHg. This change in DLCO, while not significant, was similar to that seen in 
non-smokers aged 60–70 years (DLCO -0.42–0.63 mL/min/mmHg/year). Decreases in alveolar volume (VA) and 
inspiratory vital capacity (IVC) rather than the transfer coefficient (DLCO/VA) were observed. 
Conclusions: PD patients had greater declines in FEV1, and FVC, but not in DLCO, compared to healthy non- 
smokers of similar age. Declines in FEV1 and FVC with little change in FEV1/FVC, and decline in VA and IVC 
with little change in DLCO/VA, suggest these changes were due to decreases in lung volume and are compatible 
with progressive PD-associated respiratory muscle weakness. 
Trial registration: ClinicalTrials.gov (NCT02352363 Registered January 26, 2015 [https://clinicaltrials.gov/ct2/ 
show/NCT02352363]) and EudraCT (2014-003799-22).   

1. Introduction 

Parkinson’s disease (PD) is a chronic, progressive neurodegenerative 
disorder characterized by loss of dopaminergic neurons and reduction in 
striatal dopamine [1,2]. Patients experience motor symptoms (eg, 
tremor, rigidity, problems with balance and gait) as well as nonmotor 
symptoms (eg, depression, sleep disorders, cognitive impairment) [1,3]. 
PD has a prevalence greater than 1% at age 60 years and this increases to 
5% after age 85 years [4]. Thus, a growing number of individuals will 
experience the adverse medical, psychosocial, and economic impacts of 
PD as the population ages [3]. Among these may be a loss of lung 
function. 

Lung function abnormalities, including restriction, obstruction, and 

variability of flow-loop morphologies, are recognized in patients with 
PD and are thought to be due, in part, to respiratory and upper-airway 
muscle weakness [5–13]. Respiratory abnormalities are also related to 
the PD stage (especially pronounced in PD with autonomic failure) [5], 
motor fluctuations [6,10], or the occurrence of disabling dyskinesias 
that emerge in later stages of the disease [13–15]. Dyskinesia can lead to 
restrictive and dyskinetic ventilation, and disordered respiratory me
chanics can lead to pulmonary infection, which is a major cause of 
mortality and morbidity in people with PD [13]. However, little is 
known about the natural history of decline in lung function in patients 
with idiopathic PD [9,10,13,16,17]. 

Even in healthy, nonsmoking adults, lung function decreases with 
age, as measured by forced expiratory volume in 1 s (FEV1), forced vital 
capacity (FVC), and FEV1/FVC ratio [18,19]. According to a large 
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multinational data set, FEV1 is estimated to decrease by 0.030–0.045 
L/year among healthy nonsmokers aged 60–70 years [19]. In an 
epidemiologic study, diffusing capacity of the lungs for carbon monox
ide (DLCO) declined by 0.42–0.63 mL/min/mmHg per year among men 
and women aged 60–70 years [20]. 

A 12-month, randomized, open-label, multicenter safety study of a 
levodopa (LD) inhalation powder (CVT-301, Inbrija™) [21] was con
ducted in people with PD. CVT-301-treated patients were compared to 
an observational cohort of patients on a standard PD medication 
regimen, and who did not receive CVT-301, to evaluate long-term pul
monary safety of the intervention. In addition to clinical efficacy of 
CVT-301, the results indicated no significant differences in pulmonary 
function for CVT-301-treated patients versus the observational cohort 
over 1 year, indicating pulmonary safety of CVT-301. 

In this paper we present data obtained from pulmonary function 
testing in the observational cohort from the randomized, open-label 12- 
month study, as it provided an opportunity to evaluate changes in lung 
function over 1 year in a large set of patients with idiopathic PD treated 
with standard PD therapy, and not on investigational therapy. These 
data could then be compared to published data on the natural history of 
lung function decline over time in healthy people without PD. 

2. Methods 

2.1. Study population 

Study participants were men and women diagnosed at age 30 or 
older with idiopathic PD, modified Hoehn and Yahr stage 1–3 in the ON 
state [22], ≥2 h average daily OFF time (excluding early-morning OFF 
time), on a stable dose of oral dopa decarboxylase inhibitor/LD regimen 
(≥3 daily doses with total LD dose ≤1600 mg/day), Unified Parkinson’s 
Disease Rating Scale Part III [23] motor symptom improvement ≥25% 
from OFF to ON at screening, and Mini-Mental State Examination [24] 
score ≥25. Eligible patients had to be able to perform spirometry in the 
ON and OFF states and had to have FEV1 ≥50% predicted value (from 

the NHANES [National Health and Nutrition Examination Survey] III 
predicted sets [18]) and FEV1/FVC ratio >0.60 in the ON state at 
screening [25]. Candidates were excluded if they had dyskinesia that 
would interfere with study procedures or if they had any chronic res
piratory disease (eg, asthma or chronic obstructive pulmonary disease) 
within the last 5 years. Current smokers were permitted to participate in 
the study provided they had no chronic respiratory disease within the 
last 5 years and they had FEV1 ≥50% predicted and FEV1/FVC >60% in 
the ON state at screening. A pulmonologist reviewed the spirometry 
tracings/morphology of any patient with an FEV1 ≥50% to <60% of 
predicted or an FEV1/FVC ratio that was >60% to <70% at screening to 
identify patients with possible abnormal spirometry outside of what 
would be expected with PD in order to determine study eligibility. Pa
tients with an FEV1/FVC ratio that was >60% to <70% at screening 
completed spirometry before and after the administration of a bron
chodilator in a pulmonary function facility. The results of the bron
chodilator challenge were reviewed by a pulmonologist before 
randomization. Any patient requiring pulmonary adjudication at 
screening was not randomly assigned until after full pulmonologist re
view. Patients in this multicenter study (NCT02352363) were recruited 
from 62 sites in Europe (n = 50), the United States (n = 8), and Israel (n 
= 4). The study was performed in accordance with the Declaration of 
Helsinki; all study sites received institutional review board approval and 
all patients gave written informed consent. 

2.2. Study design and measures 

The original study’s primary objective was to assess pulmonary 
safety of CVT-301 at 12 months via spirometry and these results have 
been previously published [21]. This paper presents in detail the results 
from the observational cohort who received no CVT-301 but were on a 
standard PD medication regimen. Eligible patients with motor fluctua
tions were randomized in a 2:1 ratio via interactive web response system 
to receive CVT-301 84 mg or no treatment (observational cohort). 
Randomization was stratified by Hoehn and Yahr stage [22] (<2.5 
versus ≥2.5 in the ON state) and screening spirometry (FEV1 <60% of 
predicted or FEV1/FVC ratio <0.70 versus FEV1 ≥60% of predicted and 
FEV1/FVC ratio ≥0.70). All spirometry values were measured according 
to standard guidelines of the American Thoracic Society and the Euro
pean Respiratory Society [25]. All DLCO measurements were made in 
accordance with the single breath method of the American Thoracic 
Society and European Respiratory Society recommendations [26]. 
Quality assurance audits were conducted routinely throughout the study 
by an independent group. All patients in the observational cohort group 
were CVT-301–naïve. 

All patients received optimized standard oral PD treatment (dopa 
decarboxylase inhibitor/LD, dopamine agonists, monoamine oxidase B 
inhibitors, or catechol-O-methyltransferase inhibitors) throughout the 
study and were not on investigational therapy. Patients’ standard PD 

Abbreviations 

DLCO, diffusing capacity of the lungs for carbon monoxide; 
FEV1, forced expiratory volume in 1 s; 
FVC, forced vital capacity; 
IVC, inspiratory vital capacity; 
LD, levodopa; 
PD, Parkinson’s disease; 
TLC, total lung capacity; 
VA, alveolar volume  

Fig. 1. Study design. 
Abbreviations: DLCO, diffusing capacity of the lungs for carbon monoxide; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity. 
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medication regimens could be altered as needed to manage their PD 
symptoms. 

Study periods included a screening interval (up to 35 days), a 
treatment period of approximately 12 months, and a follow-up for 
pulmonary function 4–5 weeks after the last visit. Fig. 1 details the study 
design. During the treatment period, patients made study visits at 
baseline and 1, 3, 6, 9, and 12 months. Safety was assessed at a dedicated 
pulmonary function facility within 2 weeks before baseline; at 3, 6, 9, 
and 12 months; and at the final follow-up visit via measurement of FEV1, 
FVC, FEV1/FVC, and DLCO when patients were in the ON state. DLCO was 
further analyzed for underlying components of alveolar volume (VA) 
and inspiratory vital capacity (IVC). 

Findings in the CVT-301 group have been previously reported [21]. 
The current assessment focuses on spirometry and DLCO values in the 
observational cohort only who were not on investigational therapy. 

2.3. Statistical analysis 

The safety population (for the observational cohort) included all 
observational cohort patients who attended at least 1 observation visit. 
Changes in spirometry and DLCO from baseline to study visit were 
evaluated within the observational cohort group. The point estimates 
and associated 95% confidence intervals were generated using a mixed 
model for repeated measures analysis, which included visit and the 
stratification variables (Hoehn and Yahr stage and screening spirom
etry) as fixed factors. The baseline value for each test was included as a 
covariate. For the subgroup analyses, descriptive statistics are pre
sented. Calculations were performed with Statistical Analysis Software 

version 9.3 or higher (SAS Institute, Cary, NC). A 2-sided significance 
level of 0.05 was used without multiplicity adjustment. 

3. Results 

3.1. Patient characteristics 

Of the 408 patients who were randomized in the original trial, 130 
patients were assigned to the observational cohort. Of these, 127 were 
included in the safety population and 106 (81.5%) completed the study 
(one of the 106 patients did not have baseline assessment); 24 patients 
discontinued because of withdrawal of consent (n = 21) or other reasons 
(n = 3). Mean age was 64 years, 61% were male, and 98% were white; 
mean daily OFF time was 5.7 h and patients had received LD treatment 
for a mean of 7.3 years. Demographic and clinical characteristics for the 
observational cohort are listed in Table 1. Of note, the observational 
cohort did not differ in age, sex, or any clinical characteristics from the 
investigational cohort in the original study, except for being on a slightly 
higher mean (SD) dose of LD (874.1 (348.3) vs. 781.9 (357.7) mg/day. 

3.2. Study measures 

Mean FEV1 declined in the observational cohort group from 2.88 L at 
baseline to 2.77 L by 1 year, for an absolute change of − 0.12 L; LSM 
change (95% CI) of − 0.11 L (− 0.18 to − 0.05 L); a 3.82% decrease from 
baseline (Table 2; Fig. 2). The mean change in FVC was similar, with a 
decline from 3.77 L at baseline to 3.64 L at 1 year (absolute change of 
− 0.13 L; LSM change (95% CI) of − 0.19 L (− 0.28 to − 0.11 L); 3.08% 
decrease from baseline). Of note, the change in percent predicted values 
for FEV1 and FVC were also statistically significant. Given the similar 
declines in FEV1 and FVC over 12 months, the FEV1/FVC ratio remained 
relatively constant and within the normal range (77% at baseline; 76% 
at 1 year; LSM change [95% CI] of − 0.73% [-2.01%–0.55%]; 0.52% 
decrease from baseline). 

Table 3 shows the changes in FEV1 by patient characteristics. Change 
in FEV1 did not differ notably when classified by age (<65 years vs ≥ 65 
years), sex, smoking history (current/former vs never), daily LD dose 
(<500 mg, 500–900 mg, and ≥900 mg), daily OFF time (<4.5 h vs ≥ 4.5 
h), or number of concomitant PD medications (1–2 vs ≥ 3). 

Mean DLCO decreased from 24.24 mL/min/mmHg at baseline to 
23.47 mL/min/mmHg at 1 year, for an absolute change of − 0.72 mL/ 
min/mmHg (LSM change [95% CI] of − 0.48 [-1.27 to 0.31]; 2.75% 
decline from baseline) (Table 4; Fig. 3). Of note, the change in the 
percent predicted value for DLCO was also not statistically significant 
(LSM change [95% CI] of − 1.35 [-4.46 to 1.76]). Examination of the 
components of DLCO revealed that the decrease in DLCO was associated 
with statistically significant changes in volume measurements (VA and 
IVC) rather than the transfer coefficient as determined by DLCO/VA 
(Table 4). 

4. Discussion 

Observation of a cohort of patients with PD taking standard therapy 
over 1 year revealed a faster rate of decline in lung function compared 

Table 1 
Demographics and characteristics for the observational cohort.  

Variable Patients (n = 127) 

Age, mean (range), years 64.2 (38–79) 
Sex, male, % 61.4 
Race, white, % 98.4 
BMI, mean (range), kg/m2 26.9 (16.2–45.9) 
Region/Country, % 

Europe 90.6 
Israel 4.7 
United States 4.7 

Smoking history,a %  
Never 67.7 
Former 26.0 
Current 6.3 

Screening spirometry 92.9 
FEV1 ≥60% of predicted and FEV1/FVC ≥0.70, % 

Modified Hoehn & Yahr scale, % 
<2.5 points 47.2 
≥2.5 points 52.8 

Time since PD diagnosis, mean (SD), years 9.7 (5.2) 
Number of daily OFF periods, mean (SD) 3.7 (1.0) 
Daily OFF time, mean (SD), hours 5.7 (2.1) 
Duration of LD treatment, mean (SD), years 7.3 (4.6) 
Daily LD dose, mean (SD), mg 874.1 (348.3) 
Number of daily LD doses, mean (SD) 5.2 (1.3) 

BMI body mass index, FEV1 forced expiratory volume in 1 s, FVC forced vital 
capacity, LD levodopa, PD Parkinson’s disease, SD standard deviation. 

a Mean 10.6 pack–years for those who were former and current smokers. 

Table 2 
FEV1 and FVC changes over 12 months.  

Parameter Baselinea (n = 103) 12 Months (n = 103) Observed Change LS Mean Estimated Change 95% CI of LS Mean % Change From Baseline 

FEV1, mean (SD), L 2.88 (0.87) 2.77 (0.84) − 0.12 (0.21) − 0.11 − 0.18, − 0.05 − 3.82 (7.42) 
FEV1% predicted, mean (SD) 98.4 (16.4) 95.6 (16.8) − 2.8 (7.5) − 3.00 − 5.25, − 0.76 − 2.7 (7.5) 
FVC, mean (SD), L 3.77 (1.07) 3.64 (1.07) − 0.13 (0.29) − 0.19 − 0.28, − 0.11 − 3.08 (8.36) 
FVC % predicted, mean (SD) 97.0 (15.4) 94.5 (15.4) − 2.5 (7.8) − 4.01 − 6.14, − 1.89 − 2.2 (8.5) 
FEV1/FVC %, mean (SD) 76.60 (6.86) 76.06 (6.40) − 0.54 (4.01) − 0.73 − 2.01, 0.55 − 0.52 (5.21) 

FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, LS least squares, CI confidence interval. 
a Based on 103 subjects who had data at 12 months. 
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with studies defining lung function in healthy subjects of similar age. 
Specifically, the observational cohort (mean age 64 years) showed an 
LSM decline in FEV1 of 0.11 L over 1 year, approximately 3 times larger 
than the estimated rate of decline (0.030–0.045 L/year) in healthy 
nonsmoking individuals aged 60–70 years [19]; FVC decreased to a 
similar degree, at 0.19 L over 1 year. The decrease in FEV1 also exceeds 
the commonly accepted minimal clinically important difference of 
0.100 L suggested in treatment trials of patients with chronic obstructive 

pulmonary disease [27]. However, the decline in DLCO of 0.48 
mL/min/mmHg over 1 year was similar to the estimated decline 
(0.42–0.63 mL/min/mmHg) that occurs in healthy nonsmokers aged 
60–70 years [20]. Both the changes in absolute value and the change in 
percent predicted were not statistically significant. Also, the absolute 
change did not reach the minimal clinically important difference of 1.1 
mmHg/ml/min established in patients with chronic obstructive pul
monary disease [28]. These results indicate that lung function as 
measured by spirometry is lost at an accelerated rate in patients with PD 
at this stage of disease. Although the mechanism for this decline is un
clear, our data suggest that the mechanism may be related to reduced 
muscle function. 

Respiratory dysfunction in PD can derive from peripheral (eg, motor) 
and central mechanisms [12]. In our study, the decline in FEV1 and FVC 
with little change in FEV1/FVC over the 1-year study period suggests a 
decrease in lung volume rather than development or worsening of 
airway obstruction [29,30]. Similarly, although the DLCO did not change 
significantly, the decline in DLCO components of VA and IVC with little 
change in DLCO/VA over 1 year suggests a decrease in lung volume 
rather than an intrinsic pulmonary parenchymal process that could lead 
to a reduction in gas exchange [30]. Unfortunately, spirometry cannot 
be used to measure lung volume directly, so a decrease in volume can 
only be inferred; direct measurement of lung volume by body plethys
mography or gas dilution would be necessary to characterize the pattern 
of lung disease [29,30]. However, VA is a close surrogate for lung vol
ume (or total lung capacity, TLC) when FEV1/FVC is normal [31], as it is 
here. Therefore, since VA declined significantly, we can assume the 
same occurred for TLC, and this would be reflected in the decline in FVC 
and IVC as well. 

Worsening of VA, IVC, FEV1, and FVC, along with unchanged DLCO, 
DLCO/VA and FEV1/FVC, suggests potential development of a restrictive 

Fig. 2. Change in FEV1, FVC, and FEV1/FVC over 12 months. 
Abbreviations: FEV1, forced expiratory volume in 1 s; FVC, forced vital ca
pacity; SD, standard deviation. 

Table 3 
FEV1 change from baseline by patient characteristics (N = 103).  

Patient Characteristic n FEV1 Change, mean (SD) 

Age, years 
<65 47 − 0.16 (0.24) 
≥65 56 − 0.08 (0.18) 

Baseline ATS compliance 
No 38 − 0.16 (0.26) 
Yes 65 − 0.09 (0.18) 

Dyskinesia 
No 62 − 0.13 (0.21) 
Yes 41 − 0.10 (0.22) 

Sex 
Female 38 − 0.09 (0.21) 
Male 65 − 0.13 (0.22) 

H&Y score 
<2.5 52 − 0.12 (0.19) 
≥2.5 51 − 0.12 (0.23) 

Daily LD dose 
<500 mg/day 12 − 0.21 (0.18) 
500–900 mg/day 45 − 0.10 (0.18) 
≥900 mg/day 46 − 0.11 (0.25) 

Duration of LD treatment 
<78 months 49 − 0.10 (0.20) 
≥78 months 54 − 0.13 (0.23) 

Average daily OFF time 
<4.5 h 28 − 0.09 (0.23) 
≥4.5 h 75 − 0.13 (0.21) 

Number of PD concomitant medications 
1 7 − 0.06 (0.13) 
2 33 − 0.15 (0.25) 
≥3 63 − 0.11 (0.20) 

Smoking history 
Current 6 − 0.13 (0.32) 
Former 25 − 0.11 (0.26) 
Never 72 − 0.12 (0.19) 

ATS, American Thoracic Society, FEV1 forced expiratory volume in 1 s, H&Y 
Hoehn and Yahr rating scale, LD levodopa, PD Parkinson’s disease, SD standard 
deviation. 
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pattern most likely due to dysfunction of respiratory muscles, which is 
particularly evident in the OFF versus the ON state [6,30]. The decline in 
pulmonary function was not explained by any of the subgroup analyses 
of the observational cohort, including OFF time, stage of PD, LD dose, or 
number of concomitant medications, and also smoking, where the FEV1 
changes from baseline for the 6 patients who were current smokers and 
the 25 who were former smokers were not substantively different from 
the 72 non-smokers. 

Studies of the natural history of PD are few and have not provided 
definitive data because of diagnostic uncertainty, disease heterogeneity, 
differences in study cohorts (eg, age, duration of PD, treatment regi
mens), and underlying comorbidities [3]. Natural-history studies of 
pulmonary function in PD have also been relatively small, with short 
follow-up duration and conflicting results due to differences in patient 
ages, diagnostic definitions, disease severity, prescribed medications, 
pulmonary function testing methodology, and outcome measures used 
[16,17]. Lung function has obvious importance for its impact on respi
ration as well as speech, swallowing, sleep disturbance, exercise toler
ance, and infection risk [17]. Pneumonia is the leading cause of death in 
patients with PD [3,16]. While we believe our results are best explained 
by progressive muscle weakness, abnormalities of lung function in pa
tients with PD can occur independently of mechanical factors such as 
respiratory muscle strength [12,17]. The predominant pattern of ab
normality in PD (obstructive, restrictive, mixed, or normal) as well as 
the role of respiratory muscle weakness have not yet been established 
[16,17]. 

Overall, we hypothesize that the accelerated rate of decline in pul
monary function in patients with PD may be due to a decline in lung 
volume, which we presume is secondary to progressive respiratory 
muscle weakness associated with PD. In order to investigate this hy
pothesis respiratory muscle strength would have had to be measured and 

this was not done. Further study of pulmonary dysfunction in PD is 
warranted to clarify prevalence, phenotypes, prognostic implications, 
and management, particularly as the prevalence of PD continues to in
crease as the population ages [3,4,16,17]. Of note, respiratory muscle 
training is beneficial to strengthen the respiratory muscles in these pa
tients [32], so this might be a strategy to help prevent accelerated loss of 
lung function in patients with PD. 

The limitations of this study include that it was a retrospective, 
observational study only, with multiple centers with the potential for 
variable measurement validity, although this was mitigated by direct 
oversight for quality; and employed comparison to historical healthy 
control data only. 

5. Conclusions 

In an observational cohort of patients on standard therapy for PD, 
there was an accelerated rate of pulmonary function decline over 1 year 
compared with data from studies defining lung function in healthy 
subjects of similar age. Results showing declines in FEV1 and FVC with 
little change in FEV1/FVC suggest a decrease in lung volume rather than 
development or worsening of airway obstruction. In addition, the 
decline in VA and IVC with little change in DLCO or DLCO/VA suggests a 
decrease in lung volume rather than an intrinsic pulmonary paren
chymal process that could lead to a reduction in gas exchange. In turn, 
the deterioration in pulmonary function is presumed to be due to pro
gressive respiratory muscle weakness associated with PD, although 
further study is necessary to support this mechanism. 
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