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1. Terminology & epidemiology of motor fluctuations

• Over time, duration and reliability of levodopa benefit decline leading to ON times when
 l-dopa providing good benefit (reduced PD signs and symptoms and improved functional 
status) and OFF times when PD symptoms or signs re-emerge and functional status declines
• Motor fluctuations = transition between ON and OFF

• OFF can occur gradually (wearing off or end-of-dose deterioration), or rapid (ON-OFF 
fluctuations, and unexpectedly (‘sudden’ or ‘random’ OFFS

• Delayed ON = time to on longer than usual
• Partial ON = suboptimal compared to usual benefit
• Dose failure = no benefit following l-dopa dose
• OFF first thing am = early morning off/akinesia
• Practically defined OFF = 12 hour overnight medication withdrawal
• Fluctuations also occur with other PD meds eg apomorphine



1. Terminology & epidemiology of motor fluctuations

• LID = levodopa induced dyskinesias:
-     peak dose 90% (chorea, ballism, stereotopy > dystonia or myoclonus, worse on most     

affected side)
- diphasic/biphasic 10% (immediately before or after l-dopa dose as plasma levels rising or 

falling (dystonia> ballism, usually LL’s
- Others <2%): abnormal eye movements (eg stereotyped upgaze or horizontal gaze 

deviation that are jerky, tonic or more sustained, disordered breathing, involuntary 
abdominal movements (belly dancers dyskinesias), and punding (compulsive sorting of 
objects)

• Painful dystonia during Off can occur esp early morning akinesia- typically LLs, 
inversion/plantar flexion of toes > other regions. More common in YOPD.

• Early lower face dystonia suggests APD eg MSA



Facial dystonia in PDFoot Dystonia in YOPD 



Kelly MJ, 2019, DOI:10.1002/mds.27783 

• Oxford Discovery inception 
cohort of 734 PD< followed up 
to max 10 yrs

• 186 LID, 253 OFF periods 
observed

• Confirmed previous risk 
factors, additionally good 
levodopa benefit and baseline 
non-motor symptoms (MDS-
UPDRS I scores) predictive



Chung SJ, 2020, DOI:10.1212/WNL.0000000000009878

• 18F-FP-CIT PET at baseline 
in 205 drug naïve PD

• Assessed effect of 4 
striatal subregions to 
predict LID, OFF, FOG and 
dementia at FU (6.84 +/-
1.8 yrs)

Early wearing off and early dementia

Early LID
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2. The long and short-term response to levodopa
 (LDR & SDR)

Cilia R et al, 2011, 
DOI: doi:10.1093/brain/awaa181

• 30 African l-dopa naïve PD patients (age at onset 58 +/-14 yrs, disease duration 7 +/- 4 yrs) began l-
dopa monotherapy with baseline, 1 yr and 2y FU

• SDR: (natural OFF versus ON state UPDRS-III 41.9± 15.9 versus 26.8± 15.1)

• At 1 yr FU, OFF state UPDRS-III score after overnight withdrawal of levodopa was considerably lower 
than natural OFF (26.5± 14.9; P50 .001), effect not modified by disease duration

• At 2 yr FU, motor signs after overnight OFF (30.2± 14.2) were still 30% milder than natural OFF (P = 
0.001). The ON state UPDRS-III at the first-ever levodopa challenge was similar to the overnight OFF 
score at 1-year follow-up and the two conditions were correlated



2. The long and short-term response to levodopa
 (LDR & SDR)

Cilia R et al, 2011, 
DOI: doi:10.1093/brain/awaa181

• Compared to the natural progression of motor disability, levodopa treatment resulted in a 31% lower annual 
decline in UPDRS-III scores in the OFF state (3.33 versus 2.30 points/year) with a lower model’s variance 
explained by disease duration (67% versus 36%)

• We predicted the natural OFF at 1-year and 2-year follow-up visits and estimated that the magnitude of the 
long-duration response to levodopa ranged between 60% and 65% of total motor benefit provided by 
levodopa, independently of disease duration

• Further research is needed to clarify the mechanisms underlying the long-duration response to levodopa 
in Parkinson’s disease. Understanding the natural course of Parkinson’s disease and the long-duration 
response to levodopa may help to develop therapeutic strategies increasing its magnitude to improve 
patient quality of life and to better interpret the outcome of randomized clinical trials on disease-
modifying therapies that still rely on the overnight OFF to define Parkinson’s disease progression.



2011, DOI:10.1016/j.parkreldis.2011.03.014

• Cotzias GC (NEJM 1967) “It is of interest that the onset of improvement when sufficient DOPA was

given was rapid (within two or three hours), whereas the reestablishment of the baseline state with abrupt 
termination of the drug, after prolonged therapy, was much longer (four to fourteen days) “

• ‘ Long duration response (LDR) to l-dopa in PD is sustained motor improvement 
over days- builds up over days-weeks or repeated dosing, decays over weeks once l-
dopa stopped

• SDR comes on within mins of l-dopa administration, lasts minutes to hours, broadly 
paralleling l-dopa levels post dose

• Acutely stopping long-term l-dopa leads to initial motor decline as SDR fades, then 
gradual deterioration over days as LDR fades

• However, LDR is predominant response in early PD, influencing SDR

2. The long and short-term response to levodopa (LDR & SDR)



Ding C, 2016, DOI:10.1002/mds.26497

• How does motor progression in PD relate to dopaminergic treatment?
• Measured prospectively defined OFF state measures of l-dopa response at 3 yr 

intervals over mean 13.3 yr period in 34 drug naïve PD patients
• Despite worsening on and off scores, the LDR was maintained as PD progresses, 

with a yearly deterioration of 2.3% of maximum disability score
• Greater motor disability at baseline independently predicted faster motor 

progression
• Demented PD had worse motor function than those without dementia, with motor 

deficit accelerating towards end of disease course
• Results should inform clinical trial design for neuroprotective PD interventions

2. The long and short-term response to levodopa (LDR & SDR)
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3. Pathophysiological mechanisms of motor fluctuations

Fabbrini G, 1988, DOI:10.1002/ana.410240303.

Colosimo C, 1999, DOI:0.1046/j.1468-1331.1999.610001.x.

Widnell K, 2005, DOI: 10.1002/mds.20459

Mouradian MM, 1988, DOI:10.1002/ana.410240304..



3. Pathophysiological mechanisms of motor fluctuations

Key mechanisms include:

• (i) Reduced buffering capacity of the brain to manage shifts in 
levodopa availability occurring with periodic oral l-dopa 
administration, linked directly to baseline and progressive 
dopaminergic neuron degeneration

• (ii) Post synaptic changes at the receptor level are major 
determinants for reduced therapeutic window, increasing 
difficulty with optimal dose adjustment and on-off motor 
fluctuations
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3. Pathophysiological mechanisms of motor fluctuations

(i) Reduced buffering capacity of the brain to manage shifts in levodopa availability 
occurring with periodic oral l-dopa administration, linked directly to baseline and 
progressive dopaminergic neuron degeneration

• 48 PD patients on oral l-dopa studied comprising a) l-dopa naïve, b) stable 
responders, c) wearing-OFF and d) unpredictable ON-OFF fluctuations

• Optimal iv l-dopa infusion with oral carbidopa determined as dose to produce 
complete resolution of PD signs or mild dyskinesias or both.

• After >= 16 hours stable iv l-dopa, the l-dopa was abruptly stopped and PD severity 
assessed over next 6 hours with Columbia rating scale, LID with AIMS

• Blood samples obtained in 16 PD subjects

Fabbrini G, 1988, DOI:10.1002/ana.410240303.

Conclusions:
-Half lives for decline in anti-PD efficacy 
and dyskinesia severity differed 
significantly, ? Different mechanisms
-Motor fluctuation correlated best with 
initial efficacy decay slope, both LID and 
motor fluctuations predicted by PD 
symptom severity
- Progressive DA neuron loss leads to 
reduced buffering, causing wearing-off 



3. Pathophysiological mechanisms of motor fluctuations

(ii) Post synaptic changes at the DA receptor level (? triggered by pulsatile 
stimulation) are major determinants for reduced therapeutic window, increasing 
difficulty with optimal dose adjustment and on-off motor fluctuations
(iii) Preclinical data demonstrating that alterations in dopaminergic tone results in 
cellular adaptations, including gene expression alterations

Fabbrini G, 1988, DOI:10.1002/ana.410240303 and Widnell K, 2005, DOI: 10.1002/mds.20459
 

Conclusions:
-Differing response profiles for anti-PD and dyskinetic 
effects 
-wearing off responds quickly to plasma l-dopa 
stabilization, while on-off fluctuations and LID diminish 
over days supports post synaptic receptor modifications
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4. Non-motor fluctuations
2016, DOI:10.1002/mds.26731



Talk Outline

Pathophysiology of Motor Fluctuations:

1. Terminology & epidemiology of motor fluctuations

2. The long and short-term response to levodopa

3. Pathophysiological mechanisms of motor fluctuations

4. Non-motor fluctuations

5. The patient experience



5. The patient experience

Williamson N, 2025, 
DOI: https://doi.org/10.1007/s40120-025-00747-5

• Defined advanced PD as diagnosis >= 5 yrs, experiencing ON-OFF motor 
fluctuations despite l-dopa, Hoehn and Yahr stage 2-4

• Qualitative interviews and literature review in 20-PD and 3 PD clinicians
• Most frequently reported motor symptoms (MS) tremor, rigidity and balance 
• Most frequent reported NMS fatigue, cognitive dysfunction, apathy, pain, sleep 

issues, urinary and autonomic dysfunction, EDS, GI and sensory dysfunction
• Significantly reduced HR QoL including ADLs, emotional physical social 

functioning, work and financial well-being



5. The patient experience
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