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Dear Sirs,
With great interest we read the research paper by

Van Wamelen and colleagues on diurnal motor pat-
terns in persons with de novo Parkinson’s disease [1].
They present further evidence for the influence of the
‘biological master clock’ (BMC) on the motor symp-
toms of Parkinson’s disease. Previously, this same
group already demonstrated a circannual pattern in
non-motor symptoms [2].

In addition to the valuable work provided in these
original publications, we would like to add a number
of complementary clinical considerations to indicate
that there are further and, importantly, potentially
modifiable reasons why Parkinson’s disease patients
may experience a worsening of motor and non-motor
symptoms during the course of the day. Moreover,
we add some practical recommendations for identi-
fying and managing these various causes of diurnal
patterns in daily practice, as outlined in Table 1.
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The relative importance of the factors mentioned
in the table may differ between patients in rela-
tively early disease stages (lower Hoehn & Yahr
stages) and those with more advanced disease (higher
Hoehn & Yahr stages). For example, a normal (BMC-
related) diurnal pattern might play a greater role in de
novo patients [1] whilst fatigue and pharmacological
factors are presumably more significant in patients
with more advanced disease [4, 5]. There is also a
difference in explanatory mechanisms and clinical
approach between untreated de novo patients, versus
patients who are treated with symptomatic dopamin-
ergic medication, in particular those experiencing
response fluctuations.

Most recommendations outlined in the table are
self-explanatory. However, the non-pharmacological
management of fatigue may warrant some further
clarification. It has long been standard practice to
refer patients with chronic and progressive neurolog-
ical disorders experiencing fatigue to an occupational
therapist, aiming to deploy strategies on how to make
optimal use of the available energy during the day.
This treatment approach has been referred to as
energy conservation management (ECM). However,
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Table 1
BMC-related and non-BMC-related causes and possible interventions for diurnal patterns in symptoms of Parkinson’s disease

Cause Possible interventions

Circadian rhythm disruption • Melatonin [3]
• Exercise [3]
• Bright-light therapy [3]

Fatigue • Ensure adequate nocturnal sleep quality and quantity (consider e.g., RLS,
RBD, nocturnal OFF periods, nocturia, OSAS)

• Rule out and treat other causes (e.g., use of beta blockers, benzodiazepines,
vitamin deficiency, hypothyroidism, anemia)

• Refer to occupational therapist (scheduling of daily activities depending on
individual energy levels)

• Take extra (dispersible) L-DOPA prior to scheduled exercise activities
• Refer to psychologist for cognitive behavioral therapy (see text for details)
• Rasagiline [6]

Waning of night-time sleep benefit [7] • Scheduled early-afternoon power naps [7]
In patients experiencing no night-time sleep benefit, consider sleep study and

ensure a good night-time sleep quality and quantity (see fatigue section)
Impaired L-DOPA absorption in the gut [8, 9],

peripheral breakdown of L-DOPA [10], and increase
in intestinal / plasma large neutral amino acids [11]

• Management of gastrointestinal dysmotility [8], constipation [8], and protein
intake [12]

• Identify and treat HPI and SIBO [9]
• Switch to non-enteral dopaminergic medication (e.g., transdermal rotigotine

or apomorphine subcutaneously)
Repeated-dose dependent reduction of response to

dopaminergic stimulation [13–15]
• Reduce dosing frequency using long-acting dopamine agonists,

extended-release L-DOPA, COMT inhibitors, continuous subcutaneous
apomorphine infusion

Dose accumulation resulting in high-dopa dyskinesias
with a diurnal pattern [16]

• Management of gastrointestinal dysmotility [8], constipation[8] and protein
intake [12]

• Identification and cessation of injudicious use of extended-release L-DOPA
preparations [16]

• Reducing total dopamine dose and replacing with long-acting agonists with a
net lower LED

Evening low-dopa dyskinesias [17] • Short-acting dopamine agonist [17]
• More frequent, lower L-DOPA doses [17]
• Deep brain stimulation [18]
Might prove difficult to treat, being a pharmacodynamic phenomenon

HPI, Helicobacter pylori infection; LED, L-DOPA equivalent dose; OSAS, obstructive sleep apnea syndrome; RLS, restless-legs syndrome;
RBD, REM-sleep behavior disorder; SIBO, small intestinal bacterial overgrowth.

recent research in patients with multiple sclerosis
(MS) demonstrated that this therapy does not signifi-
cantly improve fatigue, and that cognitive behavioral
therapy (aimed at acceptance of the fatigue level
and systematically increasing activity, rather than
adapting activities to the fatigue level, as is done in
ECM) works better in improving daytime energy lev-
els [19]. This approach may apply to persons living
with Parkinson’s disease as well, given that one of the
hypothesized mechanisms of MS-related fatigue is a
dopaminergic deficit, which could explain the effi-
cacy of amantadine for fatigue in some MS patients
[20].

Of note, the reverse effect, patients functioning
worse in the morning, may be observed in patients
suffering from supine hypertension combined with
orthostatic hypotension, a combination often seen as
part of autonomic dysfunction in advanced Parkin-
son’s disease [21]. The troughs in blood pressure

resulting from orthostatic hypotension are typically
most pronounced in the morning, not too long after
rising from the bed.

Recognition of diurnal patterns, as was empha-
sized again by the important findings of Van Wamelen
and colleagues, may lead to the following practi-
cal recommendations: (1) whenever possible, plan
your assessment of Parkinson’s disease patients in the
morning to reduce the burden for patients and also to
obtain a representative impression of their best motor
performance; otherwise at least plan your assessment
at a consistent time during the day, to allow for a more
reliable comparison between subsequent visits; (2) in
the framework of clinical trials, repeated measures
should ideally be performed at the same time of day
(and for longer-lasting studies, in the same season);
(3) identify and treat non-BMC related causes of diur-
nal fluctuations, using table 1 for guidance; and (4) if
a circadian rhythm disturbance is suspected as a cause
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of BMC-related diurnal fluctuations, try to treat this
accordingly [22].
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