ARTICLE

Respiratory changes in Parkinson’s disease
may be unrelated to dopaminergic dysfunction

Alteracdes respiratdrias na doenca de Parkinson podem néo ter relacdo com a
disfuncao dopaminérgica

Luciana Ulhéa Guedes’, Juliana Melo Rodrigues?, Aline Andrioni Fernandes?®, Francisco E. Cardoso?,
Verénica Franco Parreira®

ABSTRACT

Objective: To investigate the maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) in patients with Parkinson’s disease
(PD) during the on and off periods of levodopa and to compare with healthy controls. Methods: Twenty-six patients were analyzed with Hoehn
and Yahr scores (2-3) and 26 age and gender matched-controls. Statistical analysis was performed with Student’s t-test for paired and in-
dependent samples. Results: MIP and MEP values in patients were significantly lower than the values obtained in controls both for off and
on stages — excepted for MIP in women (p=0.28). For patients with PD, the studied parameters did not differ between stages on and off, with
the exception of MEP in women (p=0.00). Conclusions: Patients with PD have respiratory pressure lower than controls, even in early stages of
the disease, and dopamine replacement has little impact over these respiratory pressures. These findings suggest that respiratory changes
in PD may be unrelated to dopaminergic dysfunction.
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RESUMO

Objetivo: Investigar as pressoes inspiratérias maximas (PImax) e as pressoes expiratorias maximas (PEmax) em pacientes com doenca
de Parkinson (DP) durante periodos on e off e comparar com controles Métodos: Foram estudados 26 pacientes com scores de Hoehn e
Yahr (2-3) e 26 individuos saudaveis pareados sexo e idade. A analise estatistica foi realizada com o teste t de Student para amostras
pareadas e paraamostras independentes. Resultados: Os valores de PImax e PEméax nos pacientes foram significativamente menores que
os valores observados nos controles, tanto no periodo off como no periodo on — exceto Piméax nas mulheres (p=0,28). Nos pacientes com
DP, os parametros estudados nao diferiram entre os estagios off e on (exceto PEméax nas mulheres-p=0,00). Conclusdes: Pacientes com DP
tém pressoes respiratorias inferiores a controles mesmo em estégios iniciais da doenca, e a reposicao de dopamina tem pouco impacto
sobre pressoes respiratérias. Esses achados sugerem que as alteracoes respiratérias na DP podem néo estar relacionadas as disfuncoes
dopaminérgicas.

Palavras-Chave: doenca de Parkinson, levodopa, respiracéo, forca muscular, avaliacao.

James Parkinson already described the presence of respi-
ratory abnormalities in Parkinson’s disease (PD)". It has been
shown that patients with PD may have an array of respira-
tory abnormalities and it is well recognized that aspiration
pneumonia and pulmonary embolism are the main causes of
death in PD**. However, it has also been suggested that re-
spiratory symptoms may not be reported or noticed early

because individuals with PD may reduce their levels of activ-
ity, lead a very sedentary life, thus never being able to experi-
ence any respiratory deficit*®.

Not many studies describe details concerning respiratory
changes in patients with PD. The findings reported in litera-
ture include tachypnea, dyspnea and irregularities in the re-
spiratory rhythm, restrictive pulmonary function, dysfunction
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in upper airways, as well as decreased respiratory pres-
sure™*'. Measuring maximal inspiratory pressure (MIP) and
maximal expiratory pressure (MEP) is useful to quantify the
degree of respiratory impairment in individuals with PD%7,
and it is also a good method to assess the functional efficien-
cy of respiratory muscles. Observations of respiratory muscle
weakness are consistent with the reduced ability to gener-
ate normal forced expiratory maneuvers®. Muscle weakness
in patients with PD restricts the ability to overcome rigidity
and potentially contributes to reduced lung volume and re-
spiratory pressure, which will impact on swallow, cough and
speech functions’.

Black and Hyatt’ developed a noninvasive, fast and reli-
able method to measure MIP and MEP. These variables re-
flect the static pressure generated in the mouth during maxi-
mal inspiratory and expiratory efforts'’. The changes of these
parameters have been well characterized in a myriad of neu-
romuscular disorders'.

Several investigators have studied MIP and MEP in PD. In
some of these studies, authors have failed to find differences
between these parameters in comparison with controls and/or
predicted values. For instance, MIP values of nine patients with
PD according to Hoehn and Yahr (HY) scores ranged from 1 to
3, and they did not differ from values of control subjects in one
study®. In another study with 16 patients (HY 1 to 3), MIP and
MEP were within the range predicted for their age and gender™.
Similarly, 40 patients with PD (HY 1 to 3) had MIP and MEP
comparable to those found in controls®.

Silverman et al.” evaluated MIP and MEP of 28 patients
with PD (mean age of 64 years and HY 2 to 3), comparing
them with reference values established by Enright et al.".
They found that in the group of patients with PD 69.2% of
MIP values were within or above normal ranges. On the oth-
er hand, only 28.6% showed MEP within normal ranges. No
participants had MEP values above normal. The authors con-
cluded that MIP was less affected at baseline than MEP, since
most participants were within normal ranges.

On the other hand, other studies have found differences
between patients with PD and controls. Vincken et al.}, for in-
stance, determined respiratory pressure of patients with PD
as HY 1 to 5. Regardless of the presence of upper airway evi-
dence, they found an average reduction of 61% of both MIP
and MEP in comparison to values predicted for matched-
controls. Similar findings were reported by Sabaté et al.’, who
studied 58 patients with PD (HY 1 to 5, mean age of 68 years,
and average duration of illness of 5.8 years). MIP and MEP
values in PD were 25+17 H,Ocm and 38+13 H,Ocm, respec-
tively, whereas in controls these pressures were 52+24 H Ocm
and 63+23 H Ocm. The differences were statistically signifi-
cant. These results were reproduced by another investigation
with 23 patients with PD, which found significant reduction
of MEP both in comparison to controls and predicted values.
Weiner et al.”® studied 20 patients with PD, HY 2 to 3, mean
age of 66 years and compared them to 20 healthy age and
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gender matched-controls. MIP and MEP values were signifi-
cantly lower in patients with PD. Similarly, the maximum re-
spiratory pressure of 66 patients with PD (HY 1 to 4, mean age
of 63 years and average duration of illness of 6 years) was sig-
nificantly lower than the values obtained in the age matched
control group as well as when compared to predicted values®.

The mechanism responsible for respiratory pressure
changes is yet to be determined and is described in at least
part of the patients with PD. Some suggest that these find-
ings are a result of deformities in the spine and chest walls,
commonly seen in PD®. There is also evidence that support
the role of central nervous system dysfunction in the patho-
genesis of these findings. In one investigation performed with
10 patients (HY 2 to 4), the authors described a statistically
significant increase of MIP and MEP after administration of
apomorphine. These results suggest that nigrostriatal dys-
function is at least partly responsible for the decrease of re-
spiratory pressure in patients with PD". There are few publi-
cations in literature concerning the effect of levodopa on MIP
and MEP™>',

The aim of this study was to determine MIP and MEP in
patients with PD, comparing these values with those found
in matched-controls and to evaluate the effect of levodopa
administration over these variables.

METHODS

Participants

We enrolled 26 patients who met the UK Brain Bank
Criteria for PD", HY score 2 to 3, aged between 50 and 75
years, stable antiparkinsonian regimen for at least 30 days.
They must not have undergone surgery for PD, with mini-
mental status examination superior to 24, body mass index
lower than 30 kg/m? absence of cardio-respiratory disorders;
they also could not be smokers. We also studied 26 age and
gender matched healthy controls. The study was approved by
the Ethics Committee of our Institution.

Measurements

Maximum respiratory pressure was measured by a mano-
vacuometer with operational break of -300 to +300 H,Ocm
(GeRar" Sdo Paulo, Brazil), using the protocol described by
Neder et al'. There were two initial training sessions fol-
lowed by five sessions with a one-minute interval between
them. With this procedure, respiratory pressure ranged less
than 10% in at least three of the sessions. The highest values
of MIP and MEP were used for statistical analysis. Patients
with PD had their pressure measured during the practical-
ly defined off state (12 hours of antiparkinsonian drug with-
drawal), and during the on state (60 minutes after the intake
of medications). Prior to the first measurement, a complete
Unified Parkinson’s Disease Rating Scale (UPDRS)" was ap-
plied, whereas just part Il was obtained during the on state.



Control subjects had respiratory pressure measurements per-
formed once, according to the same guidelines. Regression
equations proposed by Neder et al.'® to calculate the predict-
ed values of the maximum respiratory pressure in relation to
age and gender for the Brazilian population were used.

Statistical analysis

Statistical analysis was performed with SPSS (Version
10.0, Mllinois, USA). Shapiro-Wilk test was used to check the
normal distribution of variables whereas Student’s #-test was
employed for paired samples in order to compare states on
and off in patients with PD and control group. Because of
the gender’s influence on respiratory pressure, we studied
females and males separately. Significance level was estab-
lished at 5%.

RESULTS

Table 1 presents the demographic features of the subjects
enrolled in the study: 26 patients with PD and 26 age and gen-
der matched-controls.

Table 2 shows UPDRS scores of off and on states. It was
observed that scores were significantly higher during the
off state in comparison to the on state, for both females
and males.

Table 3 shows MIP and MEP values for patients and con-
trols. Both women and men with PD presented with lower
values during the off state in relation to controls. Concerning
the on stage, there are no significant differences of MIP be-
tween females with PD and controls. Comparison of on and
off state variables between patients with PD confirmed the
little impact of the antiparkinsonian treatment on respira-
tory pressure because only the MEP of women significantly
increased after using the medications.

Table 4 demonstrates that overall the respiratory pres-
sures of both patients and controls are below those expected
for the Brazilian population. The exceptions are MEP values
of male and female controls.

DISCUSSION

Our findings confirm the observation of others authors,
according to which respiratory pressure in PD is lower than
that found in healthy age and gender matched-controls, as
well as in relation to values predicted for the population'?>®.
Since we have studied subjects with HY 2 to 3, our results in-
dicate that respiratory dysfunction is already present in ear-
ly stages of PD. We have also replicated the literature find-
ing showing that gender influences respiratory pressures®*.
Harik-Khan et al.”, for instance, demonstrated that MIP val-
ues in healthy men are 30% higher than those found in age-

matched women.

Table 1. Demographic and clinical features of studied subjects.

Controls Patients  p-value
Male/Female 16/10 16/10 -
Age (years) B4+7 637 0.76
PD duration (years) 9.1+0.3 -
Daily levodopa doses (mg) 364+316 -

Data presented as means=standard deviation; PD: Parkinson’s disease.

Table 2. Unified Parkinson’s disease rating scale scores of
patients.

off on p-value
Total females 51.2+19.3 427 £17.3 0.001
Total males 60.3 141 44.4+12.8 0.001
Partlll females  26.5+13.1 18.0+11.6 0.001
Part Il males 34.3+8.3 18.3+6.4 0.001

Data presented as meanzstandard deviation; off refers to “without levodopa”
and on refers to “with levodopa”.

It is interesting that some investigations about respiratory
pressure present in literature failed to find differences between
patients with PD and values predicted for the general popu-
lation or controls®*'**%, The discrepancy in results of different
studies most likely reflects methodological issues: 1) Some of
the studies™? compared the values of variables with those pre-
dicted for the population, not including controls. As we have
shown (Table 4), there is a difference between the values pre-
dicted for the Brazilian population and the controls included
in our study; 2) Other investigations used non-matched con-
trols; 3) Because of the influence of the gender over the respi-
ratory pressure, demonstrated by our study and others™*'>%,
it is mandatory not only to use age, but also gender matched-
controls, which did not happen in many of the studies on PDS;
4) In some of the studies, it is not clear whether or not the
pressures were measured when the patients were on the effect
of the antiparkinsonian medications; 5) Diagnostic criteria of
PD have not been described in some of the investigations. This
raises the issue of the possibility to include patients with par-
kinsonian disorders other than PD; 6) Finally, there has been
a wide severity variation concerning the parkinsonian syn-
drome among the patients included in some of these studies,
with HY score ranging from 1 to 5.

Few studies investigate the effect of levodopa on respi-
ratory pressure. One report, however, described that sub-
cutaneous injections of apomorphine, a powerful direct do-
pamine receptor agonist, induced a statistically significant
increase of MIP and MEP in 10 patients with PD (HY 2 to
4)". There is also a single case report which described the
reversibility of upper airway obstruction in a patient with
PD after using levodopa'. On the contrary, Weiner et al.*®
observed MIP and MEP comparing off and on periods in 20
patients with PD. These variables tended to increase during
on periods, however, it did not reach statistical significance.
In this study, we have found that levodopa caused MIP
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Table 3. Values of maximal inspiratory pressure and maximal expiratory pressure in Parkinson’s disease patients and controls.

Controls

Patients-Off

Patients-on p-value

MIP women 70.0+£14.1

MEP women 105.6 £+19.4
MIP men 86.9+6.2

MEP men 120.0+29.4

50.0x22.9

55.6+18.8

61.9£17.2

74.4+15.9

0.04*
0.28
0.33

0.00*
0.00**
0.00***

0.00*
0.00**
0.42
0.00*
0.00**
0.07

55.6+18.8

64.4x21.9

65.0+17.9

81.9x14.7

Data presented as meanzstandard deviation (cmH,0); off refers to “without levodopa”; on refers to “with levodopa”; *p-value for patients-off versus controls;
**p-value for patients-on versus controls; ***p-value for patients-off versus patients-on.

MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure.

Table 4. Percentage of maximal inspiratory pressure and
maximal expiratory pressure in Parkinson’s disease patients
and controls.

Controls (%) off (%) on (%)
MIP women 94.7 66.7 62.3
MEP women 133.6 71.7 80.6
MIP men 80.2 62.3 62.1
MEP men 133.6 717 80.6

% referstovalues predicted for the Brazilian population;off refers to “without
levodopa”; on refers to “with levodopa”.
MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure.

values in women to significantly increase. One may spec-
ulate that this lack of difference between on and off states
reflects insufficient dopaminergic stimulation. However,
the statistically significant differences between on and off
UPDRS scores indicate that the dose of levodopa and other
antiparkinsonian drugs was capable of inducing a clinically
relevant change in the functional status of the nigrostriatal
system. This finding in our study raises the issue that re-
spiratory dysfunction in patients with PD may be unrelat-
ed to dopaminergic dysfunction. Such situation would be
similar to the occurrence of dysphagia, gait disorder includ-
ing freezing (motor block) and other features of PD, which
are little or not changed by dopamine replacement therapy.
In one study, the authors showed that despite unequivocal
improvement of motor findings with levodopa, swallowing
function presented little improvement?..

Similarly, step length and freezing of gait are only part-
ly improved by levodopa replacement®. It is worth men-
tioning that in contrast to dysphagia and gait disorder,
which occur after long duration of PD, our findings sug-
gest that respiratory pressure changes are an early symp-
tom of PD. Finally, data from other studies suggest that
MIP and MEP changes may worsen with the progression
of the illness®'.
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The pathogenesis of respiratory pressure changes in PD
is yet to be determined. Some authors have shown respi-
ratory function improvement in PD with dopamine treat-
ment"’, whereas others did not find any respiratory im-
provement with the action of levodopa'®*. owever, these
findings were not explained by the improvement in pulmo-
nary function or respiratory muscle. The authors suggested
that it was possibly caused due to a central effect. The pres-
ence of dopamine receptors in central and peripheral struc-
tures® may suggest that dopamine dysfunction leading to a
direct negative effect on the respiratory structures, as well
as to rigidity and bradykinesia of the respiratory muscles,
is the causative mechanism of MIP and MEP abnormali-
ties’. This hypothesis is weakened, however, by the disso-
ciation between the action of levodopa on UPDRS scores
and the respiratory values found in our study. The sugges-
tion that deformities in the thoracic cage lead to respirato-
ry abnormalities® also seems unlikely, since none of our pa-
tients presented with such findings. Considering the little
improvement of respiratory changes in PD after the use of
levodopa, one may speculate that dopaminergic and non-
dopaminergic central changes play a role in the pathogen-
esis of these abnormalities.

Finally, none of our patients presented respiratory com-
plaints (data not shown) despite the low values of respira-
tory pressure. In fact, just moderate to severe reductions in
respiratory pressure, 40% below normal values, are regard-
ed as a respiratory disorder®. Nevertheless, the decrease of
these variables is a risk factor for pulmonary dysfunction,
since it increases the risk of atelectasis and others*.

Finally, our results demonstrated that the pressure
of patients with Parkinson’s disease is lower than of that
in control subjects, even in early stages of the disease.
Dopamine replacement has little impact on these respi-
ratory variables, suggesting that early intervention to im-
prove respiratory function in PD may be necessary.
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