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medications. However, the contribution of each is not defined. 
These studies have invariably been in advanced PD patients 
on medications. A systematic study of sleep objectively in the 
early stages of the disease, in drug naïve state[4] and studying 
its course as the disease progresses and the patients are started 
on medicationis lacking due to the nature and the demands of 
such a study. Follow-up studies after starting on levodopa are 
far and few, and hence the need for this study.

We evaluated the sleep macroarchitecture in patients of 
levodopa naïve PD with overnight polysomnography (PSG) 
and reassessed them with PSG following treatment with 
levodopa.

Materials and Methods

This prospective, hospital-based study was carried out in the 
Department of Neurology at the National Institute of Mental 
Health and Neurosciences (NIMHANS), Bangalore from 

Introduction

Parkinson’s disease (PD) is a neurodegenerative disease 
associated with loss of dopaminergic nigrostriatal neurons 
in the brainstem. It is associated with motor and nonmotor 
manifestations. The nonmotor symptoms of PD including sleep 
disorders have recently become the subject of intense study.[1,2] 
Sleep disorders in PD include insomnia, hypersomnia and 
parasomnia.[3] Sleep disturbances in PD have been variably 
attributed to the disease process itself and to the dopaminergic 
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Purpose: We studied the sleep macroarchitecture with polysomnography (PSG) in drug naïve patients with Parkinson’s disease (PD) 
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underwent overnight PSG at baseline and after13.3 ± 5.7 months of levodopa (440 mg/day). Results: Patients with PD had responded 
to levodopa as indicated by the significant improvement in UPDRS motor score in ON state compared to OFF state. Nocturnal sleep 
quality indices did not vary significantly, but the excessive daytime somnolence improved (P = 0.04) with levodopa. Sleep efficiency 
(P = 0.65), latency to sleep onset (P = 0.19), latency to stage 1 (P = 0.12), and duration of stage 1 (P = 0.55) had increased. Duration 
of ‘awake in bed’ (P = 0.24), slow wave sleep (P = 0.29), and rapid eye movement (REM) sleep (P = 0.24) decreased with treatment. 
Periodic leg movements (PLMs) had reduced (P = 0.68) and mean oxygen saturation during sleep improved (P = 0.002). Surprisingly, 
snore index (P < 0.03) during sleep had increased with levodopa. Conclusions: Sleep alterations in PD occur even in early stages due 
to the disease process. There was improvement in most of the parameters of sleep macroarchitecture with levodopa.
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January 2008 to December 2010. The study was approved by the 
institutional ethics committee. Written informed consent was 
obtained from the study subjects. Fifteen patients with newly 
diagnosed Parkinson’s disease, who had never previously 
received levodopa, who fulfilled the UK Parkinson’s Disease 
Society Brain Bank Clinical Diagnostic Criteria,[5] and were drug 
naïve; were recruited. In a study by Hughes et al., involving 
brains of 143 patients with Parkinsonism, the sensitivity of 
the final PD clinical diagnosis was 91%, a specificity of 98%, 
and a positive predictive value of 99%.[6] Patients with features 
of vascular, drug-induced, post-encephalitic, posttraumatic 
Parkinsonism, similar familial illness, and other Parkinson’s 
plus syndromes were excluded. Response to levodopa was 
noted in all after the initial evaluation for the study. They were 
not on any dopaminergic drugs. All recruited patients who 
reported during follow-up regularly; maintained on stable dose 
of the medication, for a minimum of 6 months; and reassessed 
after 13.3 ± 5.7 months with a repeat clinical questionnaire and 
overnight PSG were included in the study.

The PD severity was assessed by modified Hoehn and Yahr 
staging (HandY); Schwab and England Activities of Daily living 
(S and E ADL) Scale; and Unified PDRating Scale (UPDRS).[5] 
Sleep was assessed using Epworth Sleepiness Scale (ESS),[7] 
Pittsburgh Sleep Quality Index (PSQI),[8] and NIMHANS 
comprehensive sleep disorder questionnaire (NCSDQ).[9]

Overnight PSG recording was performed in patients 
consenting for the study at baseline and after levodopa. 
They were subjected to overnight sleep study during 
which various parameters like electroencephalogram 
(EEG), electrooculography (EOG), electromyogram (EMG), 
electrocardiogram (ECG), oxygen saturations, respiratory 
effort, airflow, and body position were monitored. The 
participants underwent a full overnight PSG from 10 pm to 6 
am. PSG included an electroencephalogram with channels, four 
channels were used to score sleep; an electromyogram on the 
chin and right anterior tibialis; an electrooculogram to record 
eye movements; an electrocardiogram; a nasal airflow sensor; 
chest and abdomen belts; a pulse oximeter; a snore microphone; 
and body sensors. Total sleep time (TST), sleep efficiency, sleep 
latency, sleep stages, arousals, snore indexes, and respiratory 
events were scored. The scoring of sleep was done according to 
the rules and technical specification set forward by American 
Academy of Sleep Medicine (AASM) Manual for the scoring 
of sleep and associated events.[10] Scoring of sleep stages was in 
30 s sequential epochs commencing at the start of the study.[11]

Statistics: Statistical analysis was done using the Statistical 
Package for Social Sciences v. 16.0. The data were examined 
for frequencies, characteristics, and distribution. Normally 
distributed parametric data was expressed as mean ± standard 
deviation (SD). Correlations between variables in the drug 
naive and post treatment group were examined using the 
paired t-test and P-value £ 0.05 was considered significant.

Results

Fifteen patients with PD (male:female (M:F) = 11:4 and mean 
age: 59 ± 11.2 years) were evaluated. The mean duration of PD 
was11.8 ± 12.27 months (minimum: 3 months and maximum: 

6 months). Details of demographic data, clinical phenotype, 
sleep assessment with sleep questionnaires, and PSG were 
analyzed. Their UPDRS motor score at baseline was 27.6 ± 11.5.

Comparison of phenotypic characteristics before and after 
treatment (n = 15) [Table 1].

The drug naive patients recruited for the study responded 
to levodopa as indicated by the significant improvement 
in UPDRS motor scores in the ON compared to OFF state. 
The patients were not significantly fatigued at baseline or 
on follow-up (Fatigue Severity Scale (FSS) score of 1.59 
before and 2.00 after treatment, P = 0.047). Nocturnal sleep 
quality as assessed by PSQI did not show a significant 
change. The mean ESS prior to start of medication was 
6.00, which improved to 3.8 after treatment with levodopa 
(P-value = 0.04).

Comparison of PSG parameters characteristics before and 
after treatment (n = 15) [Table 2]: The sleep efficiency (P = 0.65); 
latency to onset of sleep (P = 0.19), especially latency to 
stage 1 (P = 0.12), time spent in stage 1 sleep (P = 0.55) had 
improved and time spent awake in bed (P = 0.24), slow wave 
sleep (P =  0.29), and rapid eye movement (REM; P = 0.24) had 
reduced after being on treatment.

There was no statistically significant change in involuntary 
movements during sleep including isolated (P = 0.98) and 
periodic leg movement (PLM) indices (P = 0.68), arousal index 
(P = 0.77), arousal indices associated with periodic movement 
(P = 0.68), and respiratory events (P = 0.39).

The mean oxygen saturation during the entire sleep had 
improved with levodopa (P = 0.002). The snoring index in the 
drug naive patients (27.2  ±  57.5 snoring events/hour) worsened 
while on stable levodopa medication (111.7 ± 118.2 events/h; 
P  =  0.037). These snore events had increased both during 
REM (P = 0.32) and nonrapid REM (NREM) sleep (P = 0.24). 
The desaturation index worsened marginally (P = 0.90). 
The apnea–hypopnea index (AHI) did not show significant 
variation with treatment, although absolute values showed 
marginal improvement.

Table 1: Phenotypic characteristics of the cohort (n = 15)

Phenotypic characteristics Baseline Follow-up P-value

Mean SD Mean SD
BMI 23.24 3.76 23.44 3.76 0.618
Neck size (cm) 36.25 1.27 36.91 1.18 0.023
Age at onset of PD (years) 59.00 11.24 —
Duration of PD (months) 11.80 12.27 25.13 14.19 —
Hoehn andYahr 1.83 0.56 2.07 0.32 0.110
UPDRS motortotal (baseline-ON) 27.60 11.54 17.53 8.94 0.003
UPDRS motortotal (baseline-OFF) 27.60 11.54 31.33 9.57 0.076
S and E ADL 76.67 11.75 76.67 16.33 1.000
Global PSQI score 5.330 3.33 5.33 2.99 1.000
ESS score 6.00 3.93 3.800 1.61 0.041

UPDRS = UnifiedParkinson’sDiseaseRatingScale, S and E ADL = Schwab 
and England Activities of Daily Living, PSQI = PittsburgSleepQualityIndex, 
ESS = Epworth Sleepiness Scale, SD = standard deviation, BMI = body mass 
index
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Discussion

Patients with PD have disturbance of nocturnal sleep and 
daytime somnolence.[2,12-14] Sleep disturbances in PD were 
studied mostly in advanced PD patients and in them the 
cause was variably attributed to the severe disease and to 
dopaminergic treatment.[15-17] Initial studies attempting to 
study the individual contribution of either concluded that 
both disease and dopaminergic treatment was responsible 
without a clear distinction.[18] Hence, studies focused on sleep 
characteristics in early PD patients.[19] To understand the role of 
the disease independently in sleep disorders, patients without 
exposure to dopaminergic drugs or those with an adequate 
washout period were recruited in previous studies.[20,21] Sleep 
disorders were observed in patients with PD who had never 
received dopaminergic drugs and hence it was concluded that 
sleep disorder was due to the disease per se.[22] The question 
remained as to how dopaminergic therapy would affect sleep 
in these early PD patients, would the combined contribution 
of disease and therapy result in worsening of sleep. There was 
no change in the activities of daily living as indicated by lack 
of any change in the S and E ADL scores with treatment. Long-
term follow-up might help to ascertain this.

Sleep questionnaires comparing the nocturnal sleep as 
assessed by PSQI and daytime somnolence as assessed by 
ESS in patients before and after medication observed that the 
subjective quality of sleep did not differ significantly, while 
the subjective evaluation of daytime somnolence improved 
with dopaminergic medications.[23,24] The reason for this might 
be due to the small sample size or short follow-up. The ESS 
scores in patients with advanced PD worsen with levodopa and 
dopamine agonists and the same has often been implicated as 

a cause for excessive daytime somnolence in PD.[25-29] Patients 
with restless leg syndrome on dopaminergic therapy have a 
lower risk of sudden onset of sleep during the day compared 
to those not treated.[30]

Sleep efficiency (P = 0.65); latency to onset of sleep (P = 0.19), 
especially latency to stage 1 (P = 0.12); and time spent in stage 
1 sleep (P = 0.55) had improved and time spent awake in bed 
(P = 0.24); slow wave sleep (P = 0.29); and REM (P = 0.24) 
had reduced after being on treatment. The PSG parameters 
related to sleep macroarchitecture remained unchanged with 
treatment. This might be due to small sample size, relatively 
early PD, and short follow up. However, as observed in the only 
previous similar study, the improvement was not statistically 
significant.[31] Table 3 depicts the salient comparative features 
between the present study and the one reported by Kaynak 
et al., (2005).

The PLM index showed a reduction after starting on 
medication (P= 0.68). PLM associated with arousal also 
reduced (P  =  0.68).[32] The total arousal events expressed as 
index had shown a tendency to reduce (P = 0.17). The total 
arousal associated with periodic movements had also decreased 
against a marginal increase during REM sleep (P  = 0.57).[33] 
Dopaminergic treatment also improves restless leg syndrome 
in patients without PD.[34,35] In this study with early drug naïve 
PD, REM sleep behavior disorder (RBD) was not a prominent 
observation and a short follow-up with levodopa might 
preclude this important feature.

Despite the significant improvement in mean oxygen saturation 
during the entire sleep (P = 0.002), snoring during sleep 
(snore index, P < 0.03) had increased significantly resulting 

Table 2: Polysomnographic characteristics of the cohort (n = 15)

Polysomnography parameters Baseline PSG Follow-up PSG P-value

Mean SD Mean SD
Sleep efficiency 56.300 18.977 59.053 18.615 0.653
Duration of time spent ‘awake in bed’ 64.827 61.466 47.220 24.376 0.240
Distribution of sleep stage 1 (N1) 12.533 8.399 13.880 8.931 0.556
Distribution of sleep stage 2 (N2) 38.093 14.153 37.587 9.763 0.877
Distribution of slow wave sleep stage 5.890 5.005 4.433 4.811 0.294
Distribution of sleep rapid eye movement (REM) 10.887 6.594 8.647 5.641 0.244
Latency to onset of stage 1 (N1) sleep 65.000 87.001 28.533 22.156 0.120
Latency to onset of REM sleep 201.400 103.898 166.400 74.256 0.295
Isolated movement index 3.967 2.004 3.987 2.647 0.984
Periodic movement index 26.653 37.699 23.953 28.146 0.680
Arousal index 22.387 33.225 19.700 16.199 0.776
Arousal with respiratory event index 2.030 2.746 3.050 5.384 0.397
Arousal with periodic movement index 2.590 4.197 2.250 3.298 0.685
Mean O2 saturation during sleep 94.720 1.181 95.930 1.476 0.002
Mean heart rate during sleep 65.210 9.464 64.590 7.084 0.746
Snoring index 27.210 57.484 111.730 118.239 0.037
Desaturations index 17.010 20.857 18.000 24.992 0.909
Obstructive sleep apnea index 3.633 6.969 3.293 6.630 0.788
Central sleep apnea index 2.353 3.354 2.060 2.772 0.772
Mixed sleep apnea index 0.820 1.198 0.293 0.630 0.095
Apnea–hypopnea index (AHI) 13.160 15.476 10.980 12.501 0.614

PSG = Polysomnography, SD = Standard deviation
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in the number of desaturation events increasing marginally 
(P = 0.90).[36,37] The reason for this is difficult to explain.

Small sample size is a limitation and one needs to exercise 
caution before drawing any conclusions. Nevertheless, this 
longitudinal study is one of the few studies which had recruited 
levodopa naïve patients with a cohort that is very difficult to 
obtain and again carried out serial PSG study while on stable 
levodopa dosage. Detailed analysis of data was restricted 
to only those patients who exhibited sustained therapeutic 
response to levodopa, thereby excluding cases with atypical 
PD/“plus” syndromes. Follow-up observations on these 
patients also provided unique opportunity to evaluate effect 
of levodopa and disease progression on the sleep parameters 
as well.

Sleep in PD patients showed improvement in majority of the 
sleep parameters with levodopa, like many of the nonmotor 
symptoms. It may be emphasized that even in early stages of 
PD, sleep is affected. Similar studies involving larger cohort 
might support it, and there by assist in focused treatment and 
unravel questions regarding sleep and PD.
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