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Incidence survival function and related factors of

Parkinson's disease dementia in Korea

Hyunju Ryu

Graduate School of Science

Pukyong National University

Abstract

In this thesis, we propose an' estimate of the cumulative
proportion, of Parkinson's Disease Dementia in Korea, using
Kaplan—-Meier survival analysis. Risk factors predicting
dementia are also evaluated. In total, 1193 patients (119
with dementia .and 1074 without) were.dincluded in this study.
The median survival time is 19 years. Multivariate analysis
found that age of first clinic, age of onset and education
period are significant predictors of dementia in Korean

Parkinson’s disease patients.

Key words : Parkinson's Disease Dementia, Parkinson's
Disease, survival function estimation, risk factors, median

survival time
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I 42> A B4
Total Dementia t/42 p-value
Event non
Total 1,193 119(10.0) 1074(90.0)
Sex
Male 402(33.7) 31(7.7) 371(92.3) 346 0.063
Female 791(66.3) 88(11.1) 703(88.9)
Age(yr)
Meanzstd 71.19+9.84 76.84+6.92 70.57+£9.92 892 <0.001
Median(IQR) 72.0(65.0-78.0) 78.0(72.0-81.0) 72.0(65.0-77.0) 3191 <0.001
Range 33.0-97.0 56.0-93.0 33.0-97.0
Low(=72) 603(50.5) 31(5.1) 572(94.9) 3173 0.000
High(=73) 590(49.5) 88(14.9) 502(85.1)
Age of onset(yr)
Meanzstd 60.09+10.01 63.03+£8.14 59.77£10.15 403 <0.001
Median(IQR) 61.0(54.0-67.0) 63.0(58.0-69.0) 61.0(53.0-67.0) 478 0.029
Range 24.0-85.0 40.0-85.0 24.0-84.0
Low(=61) 605(50.7) 50(8.3) 555(91.7) 4.00 0.046
High(=62) 588(49.3) 69(11.7) 519(88.3)
Age  of first clinic(yr)
Meanzstd 64.30+£9.78 68.92+7.45 63.79+9.88 6.86 <0.001
Median(IQR) 66.0(58.0-71.0) 69.0(64.0-74.0) 65.0(58.0-71.0) 24.36 <0.001
Range 29.0-90.0 48.0-90.0 29.0-90.0
Low(=65) 586(49.1) 33(5.6) 553(94.4) 24.20 <0.001
High(=66) 607(50.9) 86(14.2) 521(85.8)
untreatment  period(yr)
Meanzstd 4.00+3.74 5.65+4.90 3.81+3.54 R <0.001
Median(IQR) 3.0(1.0-6.0) 5.0(2.0-8.0) 3.0(1.0-5.0) 16.80 <0.001
Range 0.0-29.0 0.0-25.0 0.0-29.0
Low(=3) 657(55.1) 47(7.2) 610(92.8) 12.96 <0.001
High(=4) 536(44.9) 72(13.4) 464(86.6)
survival  time(yr)
Meanzstd 810+3.71 10.62+4.52 7.82+3.50 8.02 <0.001
Median(IQR) 7.0(5.0-10.0) 10.0(8.0-13.0) 7.0(5.0-10.0) 49.52 <0.001
Range 4.0-33.0 4.0-31.0 4.0-33.0
Low(=7) 625(52.4) 26(4.2) 599(95.8) 49.43 <0.001
High(=8) 568(47.6) 93(16.4) 475(83.6)
=4 yr 171(14.3) 3(1.8) 168(98.2) 4372 <0.001
5-10 yr 755(63.3) 65(8.6) 690(91.4)
11-20 yr 260(21.8) 48(18.5) 212(81.5)
= 21 yr 7(0.6) 3(429) 4(57.1)
Period  of education(missing n=2)
Meanzstd 7.15+5.11 5.26+4.80 7.36+5:10 426 <0.001
Median(IQR) 6.0(3.0-12.0) 6.0(0.0°8.0) 6.0(3.0-12.0) 17.29 <0.001
Range 0.0-21.0 0.0-18.0 0.0-21.0
Low(=6) 657(55.2) 85(12.9) 572(87:1) 16.04 <0.001
High(=7) 534(44.8) 32(6.0) 502(94.0)
Chronic  disease
presence 425(35.6) 46(10.8) 379(89.2) 053 0467
absence 768(64.4) 73(9.5) 695(90.5)
Initial ~ H-Y
Meanzstd 231+0.72 2.68+1.09 2.27+0.65 6.13 <0.001
Median(IQR) 2.5(2.0-2.5) 2.5(2.0-3.0) 2.0(2.0-2.5) 18.86 <0.001
Range 0.0-10.0 0.0-10.0 0.0-5.0
=25 968(81.3) 77(8.0) 891(92.0) 23.86 <0.001
=3 223(18.7) 42(18.8) 181(81.2)
Initial  MMSE
Meanzstd 24.14+6.31 21.87+£6.40 24.39+6.25 416 <0.001
Median(IQR) 26.0(22.0-28.0) 24.0(18.0-27.0) 26.0(23.0-28.0) 16.80 <0.001
Range 0.0-30.0 0.0-30.0 0.0-30.0
Low(=25) 544(45.6) 72(13.2) 472(86.8) 1184 0.001
High(= 26) 649(54.4) 47(7.2) 602(92.8)

Low, High: categorization by median
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Age. estimate(Std err)

Low High
Mean 26.10(1.48) 17.89(1.09)
Q3 21.00(3.74)
Quartile median 17.00(1.09)
Q1 16.00(1.49) 12:00(0.73)
Rog Rank test(Mantel-Cox) 72+ (p-value) 28.77 (<0.001)

Survival function estimate

Lo

0.6

0.4+

survival distribution

.................

Survival time(year)
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A8t SR TRl T HA Wo] mediangtE TAHOE 61
A\ Rk 624 o] o2 o] AIZES FA S BT Log-rank testE
o] &5t T Id yolo] WE AE A FA, AEHAHLS oS <FH46>,
<a945>3

a4 JAAEFAFES 51.06, p-valuew <0.001=Z YESE =,
S Lolo] wE w7lEy Az AE S5 FALeRE F9%
Aol 5 B ATk o] AL 624 ol &A7F 6141 wnk SRR T 971EH A

= [eJiKe) >~
2o WA ALl Aes Ik
< 46> T4& LUE HHol| oE mZIsH Ao LMol ME AlZF FH
Age of onset. estimate(Std err)
Low High
Mean 23.19(1.29) 14.37(0.55)
Q3 31.00(1.68) 18.00(1.16)
Quartile median 21.00(4.00) 15.00(1.09)
Q1 15.00(0.74) 11.00(0.58)
Log Rank test(Mantel-Cox) xz(p—value) 51.06 (<0.001)
Swrvival function estimate
1.0 Age of PD onest
% —MLow(z61)
= 2.7 High(-62)
by | Censored
0.3
g
=§ 0.6
£
d
E 0.4
2
wr
0.2
0.0
T T T T T
0 10 20 30 a0
Survival time(year)
<OE4.5> ZALUE Lolof mE ¥E ZM
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2O AR EA LS 8051, p-valuex= 0.0060. = AA S 7kt wet
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<E47> 3 U M SEI|z0| utE mizlael Xof Lol ME A7t £H
Age of first clinic. estimate(Std err)
Low High
Mean 13.44(0.23) 2149(1.14)
Q3 - 31.00(3.72)
Quartile median 15.00(0.93) 20.00(1.27)
Ql 13.00(0.62) 15.00(0.71)
Log Rank test(Mantel-Cox) xz(p-value) 8.05% (0.005)

Survival function estimate

wiireatment period

Survival distribution

T T T T
[ 10 20 30

Sruvival time(year)
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Age of first clinic. estimate(Std err)

Low High
Mean 26.00(1.42) 17.27(1.11)
Q3 21.00(1.27)
Quartile median 16.00(0.99)
Ql 16.00(1.09) 12,00(0.73)
Log Rank test(Mantel-Cox) xz(p—value) 35.25 (<0.001)
Survival function estimate
T Age of firstclinic
I Low(=65)
- " High(=66)

| Cenzored
|

0.8

0.6 iy

0.4

Survival distribution
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I!l 10 0 kL
Survival time(year)
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Period of education. estimate(Std err)

Low High
Mean 17.23(0.75) 25.21(1.55)
Q3 20.00(-) 31.00(-)
Quartile median 17.00(0.80) 29.00(7.24)
Ql 13.00(0.65) 21.00(4.73)
Log Rank test(Mantel-Cox) xz(p—value) 17.29 (0.001)

Swrvival function estimate

Period of education(year)
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Chronic disease. estimate(Std err)

presence absence
Mean 18.70(1.57) 21.90(1.31)
Q3 29.00(-) 31.00(-)
Quartile median 17.00(1.77) 19.00(1.77)
Q1 14.00(1.37) 14.00(0.66)
Log Rank test(Mantel-Cox) xz(p—value) 241 (0.121)

Survival function estimate

Chronic disease

T Prezence
= Abzence
| Censored

1.0

0.4

Survival distribution
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0 10 2‘0 30
Survival time (year)
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1&g A A el dAS YElNE H-Y staged W& AE A|7F F
AE A7 AdH EAOA FalZ median 7k 2.5 ©]3), 3 oS 7]

= o7 Ptk A YUY A =AHE H-Y stageo] wE AE A7 4, A

E3ALe e <H411>, <2¥410>7 2
2w AR AT AAEBAFS 161, p-valuerx 02052 e F A

<EA> A U@ Al HY 5ol mE ME A2 R
Initial H-Y. estimate(Std err)

<25 >3
Mean 22.98(1.30) 17.84(1.31)
Q3 21.00(0.99
Quartile median 29.00(8.59) 18.00(0.95)
Ql 14.00(0.62) 14.00(1.06)
Log Rank test(Mantel-Cox) xz(p—value) 1.61 (0.205)

Survival function estimate

0.3

0.6

Survival distribution

Survival time(year)
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Initial MMSE. estimate(Std err)

Low High
Mean 19.25(1.05) 22.38(1.63)
Q3 19.25(1.05) 22.38(1.63)
Quartile median 17.19(21.30) 19.19(25.57)
Ql 17.00(0.78) 20.00(1.29)
Log'Rank test(Mantel-Cox) xz(p-value) 9.86 (0.002)

Swrvival function estimate

Initial MMSE
1 Low(=25)
"V HHgh(=26)
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<IE51> mzZl&d x[of LMol ofish I 2
Univariate Multivariatel Multivariate2 Multivariate3*
HR(95% CI) p-value HR(95% CI) p-value HR(95% CI) p-value HR(95% CI) p-value
Sex
Male 0.70 (0.46-1.05) 0.087 1.03 (0.65-1.62) 0:915 0.99 (0.63-1.56) 0.970
Female 1 (reference) 1 (reference) 1 (reference)
Age(yr)
Low(=<72) 0.35 (0.23-0.53) <0.001 1.20 (0.60-2.39) 0.600
High(=73) 1 (reference) 1 (reference)
Age of onset(yr)
Low(<61) 0.27 (0.18-0.39) <0.001 0.52 (0.30-0.90) 0.021 0.44 (0.26-0.73) 0.002 044 (0.27-0.72) 0.001
High(=62) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Age of first dlinic(yr)
Low(=<65) 0.32 (0.21-0.48) <0.001 042 (0.21-0.82) 0.011 0.58 (0.34-0.99) 0.045 0.57 (0.34-0.95) 0.031
High(=66) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Untrt period
Low(=3) 178 (1.18-2.69) 0.453 218 (1.38-3.44) 0.001
High(=4) 1 (reference) 1 (reference)
Period of education(missing n=2)
Low(=<6) 2.34 (1.54-3,56) <0.001 1,65 (1.01-2.70) 0.044 1.66 (1.022.69) 0.042 1.75 (1.14-2.70) 0.011
High(=7) 1 (reference) 1 (reference) 1’ (reference) 1 (reference)
Chronic disease
presence 1.34 (0.92-1.94) 0.128 0.99 (0.67-1.45) 0.938 0.99 (0.67145) 0.947
absence 1 (reference) 1 (reference) 1 (reference)
Initial H-Y
<25 0.79 (0.54-1.15) 0.214 0.81 (0.53-1.22) 0.304 0.92 (0.611.38) 0.681
=3 1 (reference) 1 (reference) 1 (reference)
Initial MMSE
Low(=<25) 178 (1.23-2.58) 0.002 1.23 (0.80-1.88) 0.352 1.13 (0.731.73) 0.588
High(=26) 1 (reference) 1 (reference) 1 (reference)
n 1,189 1,189 1,189
-2 log LR %2 (p-value) 57.23(<0.001) 57.08(<0.001) 44.14(<0.001)

* variable selection by stepwise(entry

p-value=0.15, stay p-value=0.15)
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Al. Unified Parkinson’s Disease Rating Scale

I. Mentation, Behavior, Mood

1. Intellectual Impairment

O=none

1=mild (consistent forgetfulness with  partial recollection of events with no other
difficulties

2=moderate memory.~loss with disorientation and “moderate difficulty handling

complex problems

3=severe memory loss” with disorientation to ‘time and often place, severe

impairment with problems

4=severe memory loss with orientation ' only to person, unable to make judgments

or solve problems

2. Thought Disorder

O=none 3=occasional to 'frequent hallucination or
delusions without insight, could interfere

with daily activities

1=vivid dreaming 4=persistent” hallucination, delusions, or
2="benign” hallucination. with._insight | f|5rid psychosis

retained

3. Depression

O=not present 2=sustained depression for >1 week
1=periods of sadness or guilt greater | 3=vegetative symptoms (insomnia,

than normal, never sustained for more | anorexia, abulia, weight loss)

than a few days or a week 4=vegetative symptoms with suicidality

4. Motivation/Initiative

O=normal 2=loss of initiative or disinterest in

elective  (non-routine) activities

1=less of assertive, more passive 3=loss of initiative or disinterest in  day

to day (routine) activities

4=withdrawn, complete loss of motivation
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II. Activities of Daily Living

5. Speech

O=normal 2=moderately affected, may be asked to
repeat

1=mildly affected, no difficulty being | 3=severely affected, frequently asked to

understood repeat
4=unintelligible most of time

6. Salivation

O=normal 2=moderately excessive saliva, has

minimal drooling

1=slight but noticeable increase, may

have nighttime drooling

3=marked excess of saliva with some

drooling

4=marked... drooling, requires constant

tissue or handkerchief

7.Swallowing

O=normal

2=occasional. choking

1=rare choking

3=requires soft food

4=requires NG tube or G=tube

8.Handwriting

O=normal

Z2=all words small but legible

1=slightly small or slow

3=severely affected, not all words

legible

4=majority illegible

9.Cutting Food/Handling Utensils

O=normal

2=can cut*most foods, some help needed

1=somewhat slow and clumsy “but.no

3=food must be cut, but can feed self

help needed

4=needs-to be fed

10.Dressing

O=normal

2=occasional help with buttons or arms in

sleeves

1=somewhat slow, no help needed

3=considerable help required but can do

something alone

4=helpless

11.Hygiene

O=normal

2=needs help with shower or bath or very

slow in hygienic care

1=somewhat slow but no help needed

3=requires assistance for washing,

brushing teeth, going to bathroom

4=helpless
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12.Turning

in Bed/Adjusting Bed Clothes

O=normal

2=can turn alone or adjust sheets but

with great difficulty

1=somewhat slow, no help needed

3=can initiate but not turn or adjust alone

4=helpless

13.Falling (unrelated to freezing)

O=none

2=occasional, less than one per day

l=rare falls

3=average of once per day

4= >1 per day

14.Freezing When Walking

O=normal

2=occasional falls from freezing

l=rare, may have start hesitation

3=frequent freezing, occasional falls

4=frequent falls from freezing

15.Walking

O=normal

2=moderate difficulty, requires no

assistance

1=mild difficulty,

decrease arm swing

may drag .legs or

3=severe disturbance, requires assistance

4=cannot walk ‘at all even with assistance

16. Tremor

(symptomatic complaint of tremor in any part of body)

O=absent

2=moderate, bothersome |to patient

1=slight and infrequent, not bothersome

3=severe, interferes with many activities

to patient 4=marked, interferes with many activities
17.Sensory ' Complaints Related to Parkinsonism
0O=none 2=frequent, but not distressing

1=occasionally has numbness, tingling

3=frequent painful sensation

and mild aching 4=excruciating pain

III. Motor Exam

18.Speech

O=normal 2=monotone, slurred but understandable,

mod. impaired

1=slight loss of expression, dictation | 3=marked impairment, difficult to
volume understand
4=unintelligible
19.Facial Expression
O=normal 2=slight but definite abnormal diminution

in expression

1=slight hypomymia, could be poker

face

3= mod. hypomymia, lips parted some of

the time
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4=masked or fixed face, lips parted 1/4
of inch or more with complete loss of

expression

20. Tremor at Rest

O=absent

Face, lips, chin

1=slight and infrequent

Hands: right, left

2=mild and present most of the time

Feet: right, left

3=moderate and present most of the

time

4=marked and present most of the time

21.Rigidity

O=absent

Neck

1=slight or only with activation

Hands: right, left

2=mild/moderate

Feet: right,left

3=marked, full range of motion

4=severe

22. Action or Postural Tremor

O=absent

2=moderate, present with action

1=slight, present with action

3= mod. Present with| action & posture
holding

4=marked, interferes with feeding

23.Finger = Taps

O=normal

Z2=moderate  impaired. Definite, early

fatiguing, may have occasional arrests

1=mild slowing;. and/or- reduction in

amp.

3=severely .impaired. Frequent hesitations

and-arrests

4=can barely perform

24.Hand Movements (open and close

hands in rapid succession)

O=normal

2=moderate  impaired.  Definite, early

fatiguing, may have occasional arrests

1=mild slowing, and/or reduction in

amp.

3=severely impaired. Frequent hesitations

and arrests

4=can barely perform

25.Rapid Alternating Movements (pronate and supinate hands)

O=normal

2=moderate  impaired.  Definite, early

fatiguing, may have occasional arrests

1=mild slowing, and/or reduction in

amp.

3=severely impaired. Frequent hesitations

and arrests

4=can barely perform
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26.Leg

Agility (tap heel on ground, amp. should be 3 inches)

O=normal

2=moderate Definite,

fatiguing, may have occasional arrests

impaired. early

1=mild slowing, and/or reduction in

3=severely impaired. Frequent hesitations

amp. and arrests

4=can barely perform
27.Arising From Chair (pt. arises with arms folded across chest)
O=normal 2=pushes self up from arms or seat

1=slow, may need more than one

attempt

3=tends to fall back, may need multiple

tries but can arise without assist

4=unable to arise without help

28.Posture

O=normal erect

2=definitely abnormal, mod. stooped, may

lean to one side

1=slightly stooped, could be normal for

3=severely stooped. with kyphosis

older person 4=marked flexion with extreme
abnormality  of posture

29.Gait

O=normal 2=walks = with (difficulty, little or no

assistance, some festination, short steps

or propulsion

1=walks slowly, may. shuffle with short

steps, no festination or. propulsion

3=severe disturbance, frequent assistance

4=cannot walk

30.Postural

Stability  (retropulsion' test)

O=normal

2=would fall if not caught

1=recovers unaided

3=falls spontaneously

4=unable to stand

31. Body Bradykinesia/Hypokinesia

O=none

2=mild

movement,

slowness and poverty  of

definitely abnormal, or

decreased amplitude of movement

1=minimal slowness

3=moderate slowness, poverty, or small

amplitude

4=marked slowness, poverty, or amplitude

IV. Complications of Therapy (in the past week)
A. Dyskinesias
32. Duration: What proportion of the waking day are dyskenesia present?
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O=none 2=26-50% of day

1=1-25% of day 3=51-75% of day

4=76-100% of day

33. Disability: How disabling are the dyskinesia?

O=none 2=moderately disabling

1=mildly disabling 3=severely disabling

4=completely disabling

34. Painful Dyskinesias

0=no painful dyskinesia 2=moderate

1=slight 3=severe
4=marked

35. Presence of Early Morning Dystonia

0=no | 1=yes

B. Clinical Fluctuations

36. Are any “off” periods predictable as to timing after a dose of
medication?
0=no | 1=yes
37. Are any “off” periods unpredictable as to timing after a dose of
medication?
0=no | 1=yes
38. Do any of the “off” periods come on suddenly?
0=no | 1=yes
39.What proportion of the waking day is patient “off” on average?
O=none 2=26-50% of day
1=1-25% of day 3=51-75%0of day
4=76-100% of -day

C. Other Complications

40. Does the patient have anorexia, nausea, or vomiting?

0-no | 1=yes

41. Does the patient have any sleep disturbances?

0=no | 1=yes

42. Does the patient have symptomatic orthostasis?

0=no | 1=yes

V. Modified Hoehn and Yahr Staging

Stage 0 No signs of disease

Stage 1 Unilateral disease

Stage 1.5 Unilateral plus axial involvement

Stage 2 Bilateral disease, without impairment of  balance
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Stage 2.5 Mild bilateral disease, with recovery on pull test

Stage 3 Mold to moderate bilateral disease; some postural
instability

Stage 4 Severe disability; still able to walk or stand
unassisted

Stage 5 Wheelchair bound or bedridden unless  aided

VI. Modified Schwab and England Activities of Daily Living

100% Completely independent. Able to do all chores
without slowness, difficulty, or impairment.
Essentially normal. Unaware of any difficulty.

90% Completely independent. Able to do all  chores with
some degree of slowness, difficulty, and impairment.
Might take twice as long. Beginning to be aware
of difficulty.

80% Completely. independent- in most chores. Takes
twice as long. Conscious of difficulty and slowness.

70% Not completely independent. More difficulty with
some chores. Three to four times as long in some.
Must spend a large part of the day with chores.

6096 Some dependency. Can ' do most chores, but
exceedingly slowly and . with- much effort. Errors;
some impossible.

50% More dependent. Help. with half, slower, etc.
Difficulty with everything.

40% Very dependent.—Can assist with all chores, but
few alone.

30% With effort, now and then does a few  chores alone
or begins alone. Much help needed.

20% Nothing alone. Can be a slight help with some
chores. Severely invalid

10% Totally dependent, helpless. Complete invalid.

0% Vegetative functions such as swallowing, bladder
and bowel functions are not functioning. Bedridden.
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