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INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerative disease char-
acterized by bradykinesia, rigidity, tremor, impaired balance, and 
non-motor symptoms such as cognitive dysfunction, sleep distur-
bance, autonomic system dysfunctions, pain, and mood disor-
ders. These symptoms exhibit diurnal oscillations, so increasing 
attention has been paid to circadian rhythms in PD patients. 

The sleep-wake cycle in PD is profoundly disrupted in both 
motor and non-motor symptoms [1]. The pathophysiological 
mechanisms are not yet clear, several evidence have shown recip-
rocal interactions between dopamine (DA) system and circadian 
rhythms. Dopamine receptor system may mediate psychostimu-
lant-induced changes in clock gene expression [2]. On the other 
hand, circadian-associated genes (e.g. Clock) regulate the expres-
sion and phosphorylation of tyrosine hydroxylase that the rate-
limiting enzyme in dopamine synthesis [3]. Moreover, produc-
tion of melatonin, that is regulator of the sleep-wake cycle, by the 
pineal gland is regulated by a circadian-related heteromerization 
of adrenergic and dopamine receptors [4]. 

Neuroanatomical sites of circadian disruption in PD may be 
along the afferent pathways to the suprachiasmatic nucleus (SCN), 
within the SCN itself, or within the downstream peripheral effer-
ents of the SCN [5]. In an alpha-synuclein overexpressing trans-
genic mouse study, the peak/trough expression of the clock gene 
PERIOD2 was normal in the SCN; however, the daytime firing 
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rate of SCN neurons was reduced in the mutant mice [6].
Mechanisms underlying circadian fluctuations of symptoms 

and signs of PD remain unknown. This review summarizes the 
existing research on the circadian rhythms in PD especially en-
dogenous markers, clinical symptoms, and available treatment 
options. 

MARKERS OF CIRCADIAN SYSTEM 
IN PD PATIENTS

Circadian rhythms are physiological and behavioral cycles with 
a periodicity of approximately 24 hours, generated by the endog-
enous biological clock in the SCN, and can be characterized by 
analyzing well-established endogenous circadian markers such as 
melatonin and cortisol [7]. 

Initial studies about melatonin revealed no significant differ-
ences in the amplitude of the melatonin rhythm and its phase ad-
vance relative to healthy controls [8,9]. Later studies investigated 
melatonin levels in different stages of PD with or without levodo-
pa treatment. One found that the plasma melatonin level phase 
is more advanced in patients receiving a dopaminergic treatment 
compared with untreated PD patients [10]. And the dopaminer-
gic treatment also increases the secretion of melatonin (measured 
by salivary melatonin) and induces delayed sleep onset, suggest-
ing dopaminergic therapy in PD results in an uncoupling of cir-
cadian and sleep regulation [11]. On the other hand, some studies 
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reported reduced melatonin production and blunted melatonin 
rhythm in PD patients, especially with excessive daytime sleepi-
ness [12,13]. 

Cortisol, another marker of circadian function, is also impaired 
in PD patients. Cortisol secretion is dominated by the hypotha-
lamic-pituitary-adrenal (HPA) axis, which receives the circadian 
flow from the hypothalamic paraventricular nucleus. So the se-
cretory rhythm of cortisol could be regarded as a sensitive mark-
er of circadian function [14]. Breen et al. [12] examined cortisol 
levels in 30 patients with early PD, there was an elevated total se-
rum cortisol level and half of the patients had arrhythmic corti-
sol profiles but with no phase shifting. Moreover, salivary diurnal 
cortisol level is not affected by L-dope treatment, duration, and 
severity of PD [15]. In an animal study, neuroendocrine abnor-
mality of the HPA was investigated in 1-methyl-4-phenyl-1,2,3, 
6-tetrahydropyridine (MPTP)-treated dogs as a model of PD. The 
concentrations of plasma cortisol increased by 60% after MPTP 
treatment, and circadian rhythm of plasma cortisol concentration 
was observed. This implied that the HPA axis is modulated by the 
circadian rhythm and dopamine function [16].

Although these investigations suggest modifications of circa-
dian rhythmicity in PD, results are to be interpreted with caution 
due to small sample sizes and study designs that reflect influenc-
es of both endogenous circadian and exogenous (e.g., light expo-
sure, physical activity, meals, social schedules) rhythms on PD [5]. 

CLINICAL EXPRESSION OF CIRCADIAN 
RHYTHMS DISRUPTION IN PD 

Motor fluctuation
Circadian fluctuations of motor symptoms in PD are very com-

mon. Several studies reported actigraphy results that showed the 
absence of normal diurnal motor activity changes in advanced 
PD patients [1,17], and these changes are in strong correlation 
with the disease severity [18,19]. Also, responsiveness of PD mo-
tor symptoms to dopaminergic medications decreased later in 
the day than in the morning and may be more closely related to 
circadian regulation of dopaminergic systems [20,21]. In animal 
studies, there are no direct evidence for circadian fluctuation in 
PD. 6-Hydroxydopamine (6-OHDA) PD rat model had reduced 
locomotor activity, while the overall diurnal distribution of mo-
tor activity remained unchanged [22]. Also, in the 6-OHDA le-
sioned rodent model dyskinesia L-dopa-induced are not influ-
enced by the time of L-dopa administration, nor the genetic 
variance, nor the time of the day it was administered [23]. Consid-
ering these studies, the disease stage may be a major contributor 
while the pharmacokinetic factors also affect the motor fluctuation.

Blood pressure and heart rate alteration 
Signs or symptoms of impaired autonomic regulation of circu-

lation, including blood pressure and heart rate, often attend PD 
patients, may increase long-term morbidity [24,25]. Twenty-four-
hour (24-h) ambulatory blood pressure monitoring (ABPM) 

showed presence of reversal of circadian rhythm (93%), post-
prandial hypotension (100%), and nocturnal hypertension (100%) 
in PD patients [26]. Patients with a non-dipper or riser pattern on 
24-h ABPM exhibited a higher prevalence of autonomic disor-
ders (orthostatic hypotension) and received higher doses of do-
paminergic treatment. A day-night variation in diastolic blood 
pressure was the most important marker of these findings. Or-
thostatic hypotension and supine hypertension lead patients to 
visceral damage and increased mortality rates [27]. 

Heart rate variability (HRV) change in PD is also very com-
mon. Circadian autonomic fluctuation of HRV has been evaluat-
ed in untreated PD patients indicating that spectral components 
of HRV were significantly suppressed especially during the night-
time [28,29]. However, some say it could only be a consequence 
of reduced motor activity besides being a marker of cardiovas-
cular dysautonomia. Devos et al. [30] found a loss of HRV and 
distinct sympathetic morning peak with decreased nocturnal va-
gal parameters in moderate and severe L-dopa-treated patients. 
They speculated that the evolutive HRV decrease is correlated 
with the disease severity. On the other hand, Harnod et al. [24] re-
ported impaired HRV is significantly correlated with the dura-
tion of PD, but not with disease severity and patient age. A case-
control study, including 20 PD patients with REM sleep behavior 
disorder (PD-RBD) and 20 PD patients without RBD (PD), showed 
cardiac sympathetic and parasympathetic index were significantly 
higher in PD-RBD patients than in PD patients. The night-to-day 
ratio of low-frequency values (cardiac sympathetic index) accu-
rately distinguished PD-RBD patients from those with PD on an 
individual basis [29]. 

Cardiovascular dysautonomia is increasingly accepted as a pro-
dromal ‘window’ in which PD can be detected [25,31]. Monitor-
ing of dysautonomia is recommended because it could increase 
the risk of cardio-cerebral vascular incidents, affecting the pa-
tients’ life quality and life spans.

Visual impairment 
Experimental evidence has shown that the mammalian retina 

contains a complete circadian clock system–biochemical ma-
chinery that generates temperature-compensated 24-h oscilla-
tions, an input pathway by which light synchronizes the cycling 
of the retinal clock to the environmental light/dark cycle, and 
neurochemical output pathways that transmit the clock’s influ-
ence throughout the retina and into the rest of the brain. The cir-
cadian clock system in the retina allows the anticipation of the 
normal cycle of photopic and scotopic visual conditions that al-
ternate with the cycling of solar day and night [32]. In the rat 
study, retinal dopamine concentration and synthetic rate exhibit 
a circadian rhythm and it persists in the absence of time cues [33]. 
Dopamine is a chemical messenger for light adaptation and is in-
volved in trophic functions of the retina, including growth, de-
velopment, and cell death [34]. 

The study about visual performance in PD assessed by 2-hour 
intervals contrast sensitivity showed fluctuation during early morn-



Yoonha Hwang CIM / 139

ing and afternoon. Visual performance gets worse at 2:30 PM than 
at 8:30 AM, but in controls, it was unchanged throughout the day. 
The results suggest that visual performance fluctuation may be 
related to dopamine deficiency [35]. Dearry and Burnside [36] 
reported that dopamine induces light-adaptive retinomotor 
movements in cones, rods, and retinal pigment epithelium cells 
by activating D2 receptors by animal in vivo study. Van Hook et 
al. [37] also revealed that dopamine modulates the function of 
the intrinsically photosensitive retinal ganglion cells by regulating 
the expression of the photopigment melanopsin. So, loss of do-
paminergic neurons in PD may cause circadian fluctuations. 

CIRCADIAN THERAPIES 
IN PD PATIENTS

Exposure to bright light can reset the human circadian pace-
maker, which controls daily variations in physiologic, behavioral, 
and cognitive function [38]. Light is the most important and po-
tent stimulus to “zeitgebers” which makes circadian rhythms syn-
chronized with the solar day. Also, exposure to light could in-
crease retinal dopamine activity [39]. So, there were several studies 
using light to treatment in a variety of sleep and neuropsychiatric 
conditions including circadian rhythm disorders, seasonal affec-
tive disorder, and dementia [40,41]. Paus et al. [42] examined ef-
fects of bright light therapy on motor symptoms, depression, and 
sleep in PD in a randomized placebo-controlled double-blind 
study in 36 PD patients. In the results, light therapy led to signifi-
cant improvement of depression, tremor, and other motor symp-
toms. Another exploratory study also examined the effects of 
bright light in PD, and documented significant improvements in 
depression, bradykinesia, rigidity, and dyskinesias [43]. Current-
ly, the available pharmacological and lifestyle-based therapeutic 
interventions for circadian alterations have at best modest impact 
on the symptoms with little or no effect on the intrinsic neuropa-
thology [44-46]. Therefore, further validation studies including 
larger cohorts and employing objective outcome measures are 
needed. 

CONCLUSIONS AND FUTURE 
DIRECTIONS 

Increasing evidence suggest disruptions of the circadian sys-
tem in PD, and these circadian impairments likely contribute to 
the progressive deterioration of the clinical signs and symptoms. 
From this review, we could understand about melatonin, cortisol 
as the circadian system markers, clinical symptoms, and bright 
light therapy as a treatment option. A major question which arises 
is whether circadian disruption is a causal factor for PD patho-
genesis or a consequence of PD progression. Further systematic 
longitudinal investigations are needed to examine more thor-
oughly neuronal network underlying the generation of circadian 
rhythms. It will make us could develop mechanism-based thera-
pies for circadian disruption and shed new insights about the neu-

rodegenerative process of PD itself. 
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