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Abstract

There is no consensus in the literature about the influence of levodopa on respiratory disorders, which are the main
cause of death in Parkinson’s disease patients. Thus, the aim of this study was to conduct a systematic review and
meta-analysis to assess the influence of levodopa on lung function in patients with Parkinson’s disease. A systematic
search was performed in the MEDLINE-PubMed, Lilacs, IEEE Xplore Digital Library and Cochrane Library
databases, until July 2020. Eligibility, screening, data extraction and quality assessment of the studies found were
conducted independently by a minimum of two reviewers. The meta-analysis was made using RevMan 5, using
standardized difference of means (SDM) with the random effects model and 95% confidence interval. The presence of
heterogeneity was evaluated through the percentage of i2. In total, 78 studies were identified; of these,7 were included
in the review and meta-analysis after considering the inclusion and exclusion criteria. By comparing the 'on' and 'off’
levodopa states, in the outcomes of interest found in the included studies, the following results were obtained in the
meta-analysis: FVC (SMD of 0.12, p = 0.41); FEV: (SMD of 0.10, p = 0.47); PEF (SMD of -0.00, p = 0.99);
FEV1/FVC (SMD 0.04, p = 0.76). The conducted study suggested that there was no influence of levodopa treatment
on any of the pulmonary variables assessed in patients with Parkinson’s disease.

Keywords: Parkinson disease; Levodopa; Vital capacity; Total lung capacity; Lung volume measurements; Tidal
volume.

Resumo

N&o existe um consenso na literatura sobre a influéncia da levodopa sobre as disfuncfes respiratdrias, que séo a
principal causa de morte em pacientes com doenca de Parkinson. Assim, o objetivo desse estudo foi conduzir uma
revisdo sistematica e meta-analise para avaliar qual a influéncia da levodopa na funcéo pulmonar em pacientes com
doenga de Parkinson. Foi realizada uma procura sistematica nos bancos de dados MEDLINE-PubMed, Lilacs, IEEE
Xplore Digital Library e Cochrane Library, até julho de 2020. Elegibilidade, triagem, extracdo de dados e avaliacdo de
qualidade dos estudos encontrados foram conduzidas independentemente por um minimo de dois revisores. A meta-
analise foi entdo conduzida através do RevMan 5, utilizando diferenca padronizada de médias com o modelo de
efeitos aleatorios e intervalo de confianca de 95%. A presenca de heterogeneidade foi avaliada através do percentual
de i2. No total, 78 estudos foram identificados; destes, 7 foram incluidos na revisdo e meta-anélise depois de
considerados os critérios de inclusdo e exclusdo. Através do confrontamento dos estados “‘on’’ e “‘off”” levodopa, nos
desfechos de interesse encontradas nos estudos incluidos, foram obtidos os seguintes resultados na meta-analise: FVC
(SMD de 0.12, p = 0.41); FEV:1 (SMD de 0.10, p = 0.47); PEF (SMD de -0.00, p = 0.99); FEV1/FVC (SMD de 0.04, p
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= 0.76). O estudo conduzido sugeriu ndo haver influéncia do tratamento com levodopa em quaisquer das variaveis
pulmonares avaliadas em pacientes com doenca de Parkinson.

Palavras-chave: Doenca de Parkinson; Levodopa; Capacidade vital; Capacidade pulmonar total, Medidas de volume
pulmonar; Volume de ventilacdo pulmonar.

Resumen

No existe consenso en la literatura sobre la influencia de la levodopa en los trastornos respiratorios, que son la
principal causa de muerte en pacientes con enfermedad de Parkinson. Por tanto, el objetivo del estudio fue realizar
una revision sistematica y un metanalisis para evaluar el impacto de la levodopa en la funcién pulmonar en pacientes
con enfermedad de Parkinson. Se realizé una blsqueda sistematica en las bases de datos MEDLINE-PubMed, Lilacs,
IEEE Xplore Digital Library y Cochrane Library, hasta julio de 2020. La elegibilidad, cribado, extraccion de datos y
evaluacién de la calidad de los estudios encontrados fueron realizados por al menos dos revisores. A continuacion, se
realizé un metanélisis utilizando RevMan 5, utilizando la diferencia de medias estandarizada con el modelo de efectos
aleatorios y el intervalo de confianza del 95%. La presencia de heterogeneidad se evalué mediante el porcentaje de i2.
En total, se identificaron 78 estudios; de estos, 7 se incluyeron en la revision y metanalisis después de considerar los
criterios de inclusién y exclusion. Al comparar los estados de levodopa "on" y "off", en los resultados de interés
encontrados en los estudios incluidos, se obtuvieron los siguientes resultados en el metandlisis: FVC (SDM de 0,12, p
= 0,41); FEV1 (SDM 0,10, p = 0,47); PEF (SDM -0,00, p = 0,99); FEV1 / FVC (SDM 0,04, p = 0,76). El estudio
realizado sugirio que no hubo impacto del tratamiento con levodopa en ninguna de las variables pulmonares evaluadas
en pacientes con enfermedad de Parkinson.

Palabras clave: Enfermedad de Parkinson; Levodopa; Capacidad vital; Capacidad pulmonar total; Mediciones del
volumen pulmonar; Volumen de ventilacion pulmonar.

1. Introduction

Parkinson's disease (PD) is a progressive neurodegenerative disorder that mainly affects the elderly population over
60 years of age. Respiratory dysfunctions were first described and associated with Parkinson’s disease in 1817 (Parkinson,
1817), and remain until today as the main cause of death on these patients (Bogaard et al., 1989). Since its discovery in the
1960s, levodopa has been considered the gold standard treatment for patients with Parkinson’s disease (Cotzias, 1968), but its
effect on respiratory function remains unclear.

PD has its pathophysiology directly related to the degeneration of dopaminergic neurons in the substantia nigra of the
midbrain, which leads to dysfunctions in the circuitry of the basal ganglia (Kalia & Lang, 2016). Although a small minority of
these patients had a monogenetic etiology for the problem, whether recessive or dominant, the vast majority had a sporadic
etiology or of unknown cause (Deng et al., 2018).

The clinical condition of PD is usually characterized by the classic presence of a triad with rigidity, tremor and
bradykinesia, although there are also hon-motor symptoms. Many patterns of respiratory dysfunction have been described in
PD, including restrictive changes secondary to chest wall rigidity and reduced lung volumes, upper airway obstruction,
abnormal ventilatory control, diaphragmatic dyskinesia, pleuropulmonary complications from medication, and shortness of
breath (Torsney & Forsyth, 2017). Most patients, however, remain asymptomatic even with grossly abnormal lung tests
(Hovestadt, 1989).

Previous studies that analyzed the impact of levodopa on the respiratory function of patients with PD reached
controversial results, especially in relation to the variation in lung volume measurements. It seems to be a consensus among the
studies only on the lack of significance of the effect of levodopa on the results of FEV1/FVC ratio in "on" patients compared to
patients in "off" levodopa status (LeWitt et al., 2018; Tambasco et al., 2018; Herer et al., 2001; Weiner et al., 2002; Lim et al.,
2008; Sathyaprabha et al., 2005; Pal et al., 2007). In general, such controversies make it difficult to really understand the real
efficacy of levodopa in obstructive or restrictive phenomena that can be evidenced through spirometry in these patients with
PD.

Therefore, there are gaps that need further clarification. Thus, this systematic review and meta-analysis will aim to

assess the influence of levodopa treatment on lung function in patients with PD.
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2. Methods

This study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-
Analysea (PRISMA) (Moher et al., 2009) statement, supplemented by guidelines from the Cochrane Collaboration Handbook,
version 6.1 (Higgins et al., 2019). Initially, a protocol for this systematic review was designed and registered in the database
PROSPERO data (Registration No. CRD42020200625). The elaboration of the research question was carried out with the
PICO monogram. This strategy was used to enable resolution of the survey question and to optimize evidence retrieval from
databases.

The following question was raised: what is the influence of levodopa on respiratory changes in patients with
Parkinson's disease? Following criteria, P, Parkinson's disease patients, I, levodopa treatment, C, no comparison, O, respiratory

changes.

Search strategy

Four online databases were used to search for material in accordance to the study criteria: National Library of
Medicine (MEDLINE-PubMED), Lilacs, IEEE Xplore Digital Library and Cochrane Library. The following keywords were
used in combination: 'Parkinson's disease’, 'levodopa’, 'vital capacity’, 'total lung capacity’, ‘respiratory function tests’, ‘lung

volume measurements' and 'ventilation volume' pulmonary".

Study selection

The online search for titles, abstracts and full text of articles was independently reviewed by a minimum of two
reviewers. Disagreements about inclusion/exclusion were resolved by consensus. The following inclusion criteria were
applied: studies that evaluated variables of forced vital capacity (FVC), forced expiratory volume in one second (FEV1),
relationship between FEV1/FVC and/or maximum expiratory flow (PEF) in treatment with levodopa in patients with PD.
Studies were excluded following the exclusion criteria: individuals with parkinsonism-plus, intervention by other
pharmacological treatments, surgical treatment, review articles, meta-analyses, abstracts, conference procedures,

editorials/letters and case reports.

Data extraction

Data were extracted by one reviewer using standardized forms and verified by a second reviewer. The information
extracted included the type of study, number of participants, age and Hoehn and Yahr (H&Y) scale of the participants, time
since disease diagnosis, lung volume measurements (FVC, L; FEV, L; PEF, L/s and FEV1 %/FVC%), instrument used, dose

of levodopa used, route of pharmacological administration, result and conclusion.

Quality evaluation

Three tools, suggested by the Cochrane Handbook, were used to analyze the quality of the studies selected for this
review. For randomized studies, the second version of the Revised Cochrane risk of bias tool for randomized trials (ROB2
tool) (Sterne et al., 2019) was used. In case-control and cohort studies, the tool used was The Newcastle-Ottawa Scale (NOS)
for assessing the quality of nonrandomized studies in meta-analyses (Wells et al., 2000). For the cross-sectional studies, the
Joanna Briggs Institute's Checklist for Analytical Cross Sectional Studies was used (Moola et al., 2020). The graphs elaborated
on the quality of the randomized studies were made using the Robvis visualization tool (McGuinnes & Higgins, 2020). Two
researchers (ASL and PEG) evaluated the studies according to the manual of each tool and disagreements were decided by

consensus between them.
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Statistical analysis

The meta-analysis was conducted using RevMan 5 available for Windows® platform (Cochrane, 2020). The random
effects model was used to calculate the forest graphics. The presence of heterogeneity between studies was measured through
visual inspection of the graphics and through the percentage of 12. To measure the effects, the variables of interest were used in

the standardized mean difference test with a 95% confidence interval. Thus, p < 0.05 was considered significant.

3. Results
Study Selection

The databases search resulted in 78 studies. Of these, 54 were excluded from the screening because they were case
reports, reviews, duplicate studies or because they were not clinical trials, in addition to those that did not present the outcome
of interest. After reading the full text, another 17 studies were excluded for not meeting the eligibility criteria. Thus, 7 studies

were included in the systematic review and meta-analysis (Figure 1).

Figure 1. Flow Diagram for literature searching and screening.
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Quality Assessment

Randomized studies (Herer et al. and LeWitt et al.) showed a low risk of bias in the five domains, except for one
domain dealing with participant randomization in LeWitt et al. In case-control and cohort studies, Weiner et al., Sathyaprabha
et al., Pal et al. and Tambasco et al. obtained 7, 8, 7 and 6 stars, respectively, out of a maximum score of 9 points given by the
tool. In the cross-sectional study, Lim et al. left the description of the participants and the identification of confounding factors

unclear.


http://dx.doi.org/10.33448/rsd-v10i14.

Research, Society and Development, v. 10, n. 14, e457101422262, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i14.22262

Characteristics of participants

By analyzing the demographic characteristics of the patients included in the studies, it was possible to observe a
greater number of male patients. In addition, the means found for age of participants, time since diagnosis of the disease and
for the Hoehn and Yahr scale were 62.5, 6.3 and 2.4, respectively (Table 1).

Table 1. Demographic characteristics of patients included in the studies.

Study, Year Gender Age,y Time since diagnosis, y H&Y

(Male/Female) (Mean [SD]) (Mean [SD]) (Mean)
Herer et al, 2001 11/5 77.3(10.1) 5.8 (3.6) 2.56
Weiner et al, 2002 10/10 66.2 (2.2) 75(1.1) 2.6
Sathyaprabha et al, 2005 NA (35 total) 53.0 (10) 3.0(2 2.1
Pal et al, 2007 38/15 52.6 (7.7) 3.1(3.3) NA
Lim et al, 2008 6/4 63.5 8.5 24
Tambasco et al, 2018 26/8 63.3 (11.3) 5.7 (3.4) 24
LeWitt et al, 2018 19/5 61.3 (7.4) 10.5 (4.6) NA

H&Y = Hoehn and Yahr stage; NA = Not Avaliable.
Source: Authors.

Characteristics of the studies

For the characteristics of the studies included in the meta-analysis, it was observed that out of a total of 7 studies, 2
were double-blind clinical trials and 5 were open-label clinical trials (3 of them with a control group), totaling 192 patients.
Only one trial used the inhaled route of administration for pharmacological treatment, while the other six used the oral route of
administration. In addition, the mean dose in milligrams of levodopa used daily per patient was 703.6 for the inhaled route and
500.6 for the oral route. Among the 7 trials, 5 presented the FVC and FEV: outcomes in liters, 3 presented the FEV1/FVC

outcome in predictive percentage and only 2 presented the PEF outcome in liters per second (Table 2).
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Table 2. Characteristics of the studies included in the meta-analysis.

Author, Year Study design Participants Route of Levodopa Daily Outcomes
administration Dose, mg
(Mean [SD])
Herer et al, 2001 Double-blinded 16 Oral 363.6 (195.1) FVC (L)
crossover trial FEV1(L)
Weiner et al, 2002 Open-label trial with 20 Oral 575.0 (65) FVC (L)
control group FEV1(L)
Sathyaprabha et al, 2005 Open-label trial with 35 Oral NA FEV1/FVC (%
control group predicted)
Pal et al, 2007 Open-label trial with 53 Oral NA FEV.Y/FVC (%
control group predicted)
Lim et al, 2008 Open-label trial 10 Oral 480.0 FVC (L)
FEV1(L)
PEF (L/s)
Tambasco et al, 2018 Open-label trial 34 Oral 584.0 (404.48) FVC (L)
FEV1(L)
LeWitt et al, 2018 Double-blinded 24 Inhaled 703.6 (435.7) FVC (L)
crossover trial FEV1(L)
PEF (L/s)
FEV1/FVC (%
predicted)

FVC = forced vital capacity; FEV1 = forced expiratory volume in 1 second; PEF = peak expiratory flow.
Source: Authors.

Outcomes

The analysis of values evaluated in 104 patients found no significant effect difference when comparing the "on" and
"off" states of levodopa for the outcomes of FVC (SMD of 0.12, p = 0.41) (Figure 2) and of FEV1 in liters (SMD of 0.10, p =
0.47) (Figure 3), indicating that levodopa treatment does not significantly influence the FVC and FEV outcomes. For PEF in
liters per second, there was also no significance when comparing the "on" and "off" states in 26 patients (SMD of 0.00, p =
0.99) (Figure 4), in addition, for the outcome FEV1/FVC in predictive percentage, evaluated in 112 patients, it was also
observed that there is no indication of effect significance (SMD of 0.04, p = 0.76) (Figure 5), demonstrating that there is also

no significant influence of levodopa treatment for the PEF and FEV1/FVVC outcomes.
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Figure 2. Forced vital capacity, in liters, after and before levodopa therapy in patients with Parkinson’s disease.
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Source: Authors.

Figure 3. Forced expiratory volume in 1 second, in liters, after and before levodopa therapy in patients with Parkinson’s

disease.
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Figure 4. Peak expiratory flow, in liters per second, after and before levodopa therapy in patients with Parkinson’s disease.
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Figure 5. Forced expiratory volume in 1 second, percent predicted (FEV1%), and forced vital capacity, percent predicted
(FVC%), after and before levodopa therapy in patients with Parkinson’s disease.
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4. Discussion

Based on the purpose of this systematic review, which was to assess the influence of levodopa on the respiratory
function of patients with PD, the present study, through statistical analysis, indicated that there was no statistical significance
of effect for the outcomes evaluated when evaluated together. However, most of the studies have shown, in isolation, an
improvement in the respiratory parameters evaluated. The values of FVC, FEV1, PEF and the relationship between FEV1/FVC
allow us to assess respiratory disorders, whether obstructive, restrictive, obstructive with reduced vital capacity, mixed or
combined and nonspecific (Lorenzi, 2005; Duarte et al., 2007; Templeman & Roberts, 2020).

Forced Vital Capacity (FVC) is the measure of the amount of air that leaves the lungs in a forced exhalation. Its
measurement is of great clinical importance for restrictive pulmonary diseases (David & Sharma, 2019). It also has its use in
determining the involvement of respiratory muscles in neuromuscular diseases. In their study with 34 patients, Tambasco et al.
demonstrated a significant (p = 0.026) increase in FVC when levodopa was used. On the other hand, Lim et al., in their study
with 10 participants, found a significant worsening (p = 0.002) in FVC values after using the medication. Other studies such as
LeWitt et al, Herer et al and Weiner et al reached statistically non-significant results regarding the variation in FVC with the
use of levodopa.

By definition, the forced exhaled volume in one second (FEV1) is the amount of air exhaled by the lungs in the first
second (s) of forced expiration, which is performed after a maximum inspiration. This variable is used to assess the severity of
obstructive pulmonary diseases. Tambasco et al demonstrated that there was also a significant improvement (p = 0.001) in the
FEV: values. Again, Lim et al. indicated an opposite result, pointing to a significant decline (p = 0.035) in FEV; values after
using the medication. Other studies such as LeWitt et al, Herer et al and Weiner et al reached statistically non-significant
results regarding the variation in FEV1 with the use of levodopa.

Maximum expiratory flow (PEF) is the measure of airflow in a forced exhalation. Widely used to assess asthma in
outpatient clinics, it allows us to interpret its values and suspect obstructive pulmonary dysfunction (DeVrieze et al., 2017).
Herer at al., in their study with 21 participants, 5 of them with upper airway obstruction (UAQ), suggested that there was mean
improvement (p = 0.02) in the PEF outcome. Lim et al, on the other hand, suggested the absence of effect significance in their
study for the variable PEF.

The ratio between forced expiratory volume in one second and forced vital capacity (FEV1/FVC) makes it possible to
distinguish between obstructive and restrictive pulmonary dysfunction. In obstructive patterns, FEV1 decreases much more
than FVC, so the rate of this relationship is less than 70%. In restrictive patterns, this rate tends to be greater than 70% (Lamb

et al., 2020; David & Edwards, 2019). LeWitt et al. and Sathyaprabha et al. did not find statistical significance of changes in
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FEV1/FVC values when comparing patients in 'off' and 'on’ status. Both studies suggest, however, that PD causes a restrictive
pattern of pulmonary dysfunction, which may be associated with muscle rigidity presented in the clinic of patients with PD.

Therefore, it is already known that PD can present with restrictive respiratory alterations. However, it is still
extremely necessary for further randomized studies to be carried out on the impact of levodopa on the respiratory function of
these patients, since, although being the gold standard treatment for the disease, the real influence of the medication is still
unknown on respiratory disorders, which together are the leading cause of death in these patients. It is also necessary, by the
authors of studies, that there is a standardization of the results of their spirometric studies, either in liters or in predictive value
of normal, since there is a variation that makes difficult to analyze the studies together.

This study is limited, firstly, to the low number of randomized studies available on the subject. In addition, the lack of
standardization in the literature of the outcome measurement units present in the studies found limited the possibility of further

analysis.

5. Conclusion

This systematic review and meta-analysis indicated that there is no significant influence of levodopa treatment on the
pulmonary variables evaluated (FEV1, FVC, PEF, FEV1/FVC) in patients with PD.
It is suggested that further primary studies with better standardization of their spirometric variables, either in liters or

in predictive value of normal, are needed to clarify the impact of levodopa on respiratory function in patients with PD.
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