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Singapore PD Population
2016: 6,070

2030: 12,121

http://www.populationpyramid.net/singapore/2030/
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Tea & PD

• 11 case-control and 1 cohort study

• Pooled OR 0.83 (95% CI: 0.74-0.92)

• Significant heterogeneity across studies

• Chinese: OR 0.73 (95% CI: 0.6-0.9), 

homogeneity present (3 case-control studies)

Quintana, et al. J of Am College of Nutrition 2009;28:1-6



Black Tea & PD

Characteristics Cases HR (95% CI)

Black tea

Non-drinker 120 1.00

T1 (< 5 cups/mth) 20 0.89 (0.55-1.42)

T2 (5–23 cups/mth) 11 0.55 (0.30-1.03)

T3 (23+ cups/mth) 6 0.29 (0.13-0.65)

P for trend 0.0006

HR (95% CI)

1.00

0.87 (0.54-1.40)

0.53 (0.29-1.00)

0.28 (0.12-0.64)

0.0004

Adjusted for 

smoking status

• Green tea was not associated with ↓ PD risk

• Black tea effect present even after correction for caffeine

Tan, et al.  Am J of Epidemiology 2008;167(5):553-60

Singapore Chinese Health Cohort Study



Cholesterol, Fats & PD
JNNP 2016;87:86-92



Cholesterol, Fats & PD:

biological plausibility

• Cholesterol levels highest in brain (25%)

• chol turnover ↑ in neurodegen disorders

• α-synuclein binds to chol with high affinity, 

aggregation modified by chol

• MUFA has anti-inflammatory and immune-

modulatory, anti-oxidant

• Gender differences in lipoprotein 

metabolism
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Clinical Measures of 

PD Progression

• UPDRS – motor, ADL, total score

• H&Y – time to stage 3, transition times

• Other motor/disability scales -
Columbia score,  Northwestern Disability scale, 

UCLA scale

• Levodopa therapy – time to levodopa use

• Quality of life measures



Stages of PD

Modified Hoehn & Yahr Staging

Stage 1 & 1.5
Unilateral 

disease

1.5: + axial 

involvement

Stage 2 & 2.5
Bilateral disease

without 

impairment of 

balance

2.5: recovery on 

pull test

Stage 3
Mild-mod 

bilateral 

disease, some 

postural 

instability,

physically 

independent

Stage 4
Severe 

disability; 

still able to 

walk or 

stand 

unassisted

Stage 5
Wheelchair 

bound or 

bedridden 

unless aided



Progression of PD Study

Analyses

• Kaplan-Meier survival analysis in view of unequal 

follow-up times

• Entry requirement:

– At H&Y stage at or within 1 year from PD diagnosis, or

– clear documentation of entry from a prior H&Y stage

• Failure/transition event: 

– Progression to next H&Y stage

• 695 patients analysed



H&Y Progression

Median time to transitions

Stage 1 to 2, n=106

20.0 (1.7) mths 

Stage 2 to 2.5, n=359

62.0 (7.7) mths

Stage 2.5 to 3, n=194

25.0 (4.6) mths

Stage 3 to 4, n=185

24.0 (2.7) mths

Stage 4 to 5, n=114

26.0 (2.7) mthsMovement Disorders

2010, 25:710-716



Modified Hoehn & Yahr Staging

Measuring Disease Progression

Stage 1 & 1.5 Stage 2 & 2.5 Stage 3 Stage 4 Stage 5

20 mths/1.7 yrs

62 mths/5.2 yrs

25 mths/2.1 yrs 24 mths/2 yrs 26 mths/2.2 yrs

Zhao, Tan, et al. Movement Disorders 2010, 25:710-716



Modified Hoehn & Yahr Staging
Factor Affecting Disease Progression

Stage 1 & 1.5 Stage 2 & 2.5 Stage 3 Stage 4 Stage 5

↑ UPDRS motor

Older age at diagnosis, ↑ disease duration, ↑ UPDRS motor

↑ disease

duration

Zhao, Tan, et al. Movement Disorders 2010, 25:710-716

↑ UPDRS motor



Effect of Selegiline on PD 

Progression

Transition from stage 2 to 2.5 

(p=0.03)

Transition from stage 2.5 to 3 

(p=0.002)

Tan et al, Parkinsonism and Related Disorders 2011;17:194-197



Reinoso, Tan, et al. Eur J Neurol 2015;22(3):457-63

576 patients derived from the NNI Movement 

Disorders Database (2002-2012) were 

selected with the following criteria:

• Idiopathic PD (based on NINDS 

criteria)

• Did not undergo DBS surgery

• Baseline assessment done within 2 

years of diagnosis

• Followed up for at least 3 years



Progression was non-linear

Reinoso, Tan, et al. Eur J Neurol 2015;22(3):457-63



Palhagen et al, Neurology 2006;66:1200-6 



Male, Older age at diagnosis, AR subtype had 

significant motor score progression

Reinoso, Tan, et al. 

Eur J Neurol 

2015;22(3):457-63



Cognitively impaired and low baseline motor score had 

significant motor score progression

Reinoso, Tan, et al. 

Eur J Neurol 2014



Clincal Evolution of PD 

Conclusions

• When measured clinically, disease progression 

was non-linear, and occurred in distinct phases

• Factor associated with ↑ disease progression:

– male gender

– older age at diagnosis

– cognitive impairment

– akinetic-rigid subtype

– low baseline motor score



LRRK2 risk variant carriers vs 

non-carriers

p ≤ 0.018Time from diagnosis (years)
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risk variant carriers had a greater rate of motor progression than 

non-carriers after 4 years from the date of diagnosis (p ≤ 0.018)

Oosterveld, Tan, et al.  Neurology 2015;85:1039–1042
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PD Mortality

• 1986 patients derived from the NNI 

Movement Disorders Database (2002-2012) 

were selected with the following criteria:

• Idiopathic PD (based on NINDS criteria)

• Did not undergo DBS surgery

• Baseline assessment done within 2 years of 

diagnosis

• Linkage with Singapore Registry of Birth 

and Death



PD Mortality

• 1786 PD patients  

• 363 (20.3%) died 

• Most common primary causes of death:

– infection or sepsis (197, 54.3%)

– cardiac disease (63, 17.4%)

– malignancy (35, 9.6%)

– stroke (29, 8%)



Kaplan-Meier cumulative 

survival curve

Oosterveld, Tan, et al. Parkinsonism Rel Disord 2015;12:226-230 

Median survival from time of diagnosis: 15.8 years (0.3 – 31 years)



Oosterveld, Tan, et al. Parkinsonism Rel Disord 2015;12:226-230 



PD Mortality

Independent predictors of mortality

• older age at diagnosis

• male gender

• baseline cognitive impairment

• ↑ baseline Hoehn and Yahr stage

• ↑ baseline UPDRS motor score

• ↑ baseline bradykinesia subscore

Oosterveld, Tan, et al. Parkinsonism Rel Disord  2015;12:226-230 



Summary

1. Burden of PD will rise with ageing 

population

2. Epidemiological risk factors for PD

3. H&Y transition times and factors that 

increase transition times

4. UPDRS motor progression and predictors 

of progression

5. Predictors of PD mortality
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