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Background: A previous cross sectional study found over-representation of a postural instability gait
difficulty (PIGD) motor subtype in Parkinson’s disease patients with dementia (PDD) and dementia with
Lewy bodies (DLB), compared with Parkinson’s disease (PD).
Aims: (1) To examine rates of cognitive and motor decline over two years in PD (n = 40), PDD (n = 42) and
DLB (n = 41) subjects, compared with age matched controls (n = 41), (2) to record whether motor
phenotypes of PD, PDD, and DLB subjects changed during the study, (3) to find out if cognitive and motor
decline in PD was associated with baseline motor subtype, and (4) to report the incidence of dementia in
PD patients in relation to baseline motor subtype.
Results: Most of PDD and DLB participants were PIGD subtype at baseline assessment. In the non-
demented PD group, tremor dominant (TD) and PIGD subtypes were more evenly represented. Cognitive
decline over two years was greater in PDD and DLB groups (mean decline in MMSE 24.5 and 23.9,
respectively), compared with PD (20.2) and controls (20.3). There was an association between PIGD
subtype and increased rate of cognitive decline within the PD group. Of 40 PD patients, 25% of the 16
PIGD subtype developed dementia over two years, compared with none of the 18 TD or six indeterminate
phenotype cases (x2 = 6.7, Fisher’s exact test p,0.05).
Conclusion: A PIGD motor subtype is associated with a faster rate of cognitive decline in PD and may be
considered a risk factor for incident dementia in PD.

T
he cumulative incidence of dementia in Parkinson’s
disease (PD) may be as high as 80%.1 Age is the main
predictor of increased risk for dementia in PD (PDD).

More rapid cognitive decline in PD has also, however, been
associated with severity of motor symptoms2 and motor
subtype.3 In particular, motor symptoms believed to be
mediated by non-dopaminergic mechanisms, such as gait,
speech, and postural control, were recently associated with
accelerated decline in cognition.4 Neurodegeneration within
the cholinergic system is likely to mediate non-dopaminergic
motor features in PDD and dementia with Lewy bodies
(DLB), as well as having a significant role in determining the
cognitive and neuropsychiatric symptoms in these disorders.5

We previously found in a cross sectional study a significant
over-representation of a so called postural instability gait
difficulty (PIGD) subtype in patients with PDD (88%) and
DLB (69%), compared with PD (38%).6 In the second group,
tremor dominant (TD) and PIGD subtypes were more evenly
represented.

In this study, we followed up a cohort comprising PD, PDD,
DLB, and age matched controls over two years. The aims
were: (1) to examine the rates of cognitive and motor decline
over two years in the different patient groups, compared with
controls, (2) to monitor whether motor subtypes of PD, PDD,
and DLB subjects changed during the course of the study, (3)
to find out if the amount of cognitive and motor decline in PD
was associated with baseline PIGD motor subtype, and (4) to
report the incidence of dementia in PD patients in relation to
baseline motor subtype. We hypothesised that there would be
an association with cognitive decline or dementia, or both, in
those PD patients with a baseline PIGD subtype.

METHODS
Consecutive patients fulfilling entry criteria were recruited
over 24 months from local dementia and movement disorder

clinics in Newcastle and Sunderland. Age matched controls
were mainly spouses of patients involved in the study. Eighty
one subjects with a provisional diagnosis of PD were screened
for the study. Forty of these PD patients agreed to participate,
met Queen Square Brain Bank criteria,7 were aged 65 or over
and taking L-dopa monotherapy (to avoid potential con-
founding neuropsychiatric effects of other dopaminergic
agents), and scored more than 24 on the mini-mental state
examination (MMSE).8 Of the 41 PD subjects who were not
recruited, 28 refused participation, one was too frail, and 12
others did not meet study criteria. Forty two PDD patients
were recruited and met the same criteria as the PD group but,
in contrast, fulfilled diagnostic and statistical manual (DSM-
IV) criteria for dementia and had a MMSE score less than 24.
They also had to have historical evidence of visual hallucina-
tions and/or fluctuating cognition with variability in atten-
tion and alertness. A further 33 subjects with a provisional
diagnosis of PDD were screened for participation, of whom 14
declined to participate, one died, three were too frail, and 15
others did not meet study entry criteria. Eighty one subjects
with a provisional diagnosis of DLB were screened. Forty one
DLB patients were recruited (34 with probable DLB and seven
with possible DLB) and were diagnosed according to consensus
criteria.9 Of those DLB subjects not recruited, 21 refused to
participate and 19 did not meet study entry criteria. On entry
into the study, two PDD and two DLB patients were taking
atypical antipsychotic drugs in low dose, while six PDD and 13
DLB patients were taking a cholinesterase inhibitor.

Abbreviations: PIGD, postural instability gait difficulty; PD, Parkinson’s
disease; PDD, Parkinson’s disease patients with dementia; DLB,
dementia with Lewy bodies; MMSE, mini-state mental examination; TD,
tremor dominant; DSM-IV, diagnostic and statistical manual; UPDRS,
unified Parkinson’s disease rating scale; CAMCOG, Cambridge
cognitive examination; GDS, geriatric depression scale
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All subjects were assessed at entry to the study (baseline)
and annually thereafter. The two year follow up visit was
performed a mean (SD) of 24 (2) months after baseline visit.
At each visit, activities of daily living (ADL) were recorded
using the unified Parkinson’s disease rating scale (UPDRS
part II) and extrapyramidal motor features rated using the
UPDRS part III.10 Items derived from these two subscales
permit determination of PD subtype, according to the method
proposed by Jankovic and colleagues.11 The subtypes are
referred to as TD, PIGD, or indeterminate (IND). All patients
were assessed throughout while taking their normal drug
treatment and L-dopa was not withheld for motor examina-
tion. As well as the MMSE, cognitive function was assessed
using the Cambridge cognitive examination (CAMCOG).12

Depression was assessed using the geriatric depression scale
(GDS).13 The study received approval from the local research
ethics committee.

Statistical analysis
Outcome measures were examined both graphically and
using the Kolmogorov-Smirnov test to establish whether they
were approximately normally distributed. One way analysis
of variance with Games-Howell post hoc tests was used to
compare age across groups. The x2 test was used to compare
the sex and motor phenotype distributions. Mann-Whitney
tests and Kruskall-Wallis tests were applied for other
comparisons of baseline characteristics where data were not
normally distributed.

One way analysis of variance with Games-Howell post hoc
tests was used to compare changes in CAMCOG, MMSE, and
UPDRS III total scores across the patient groups over two
years. Forward stepwise linear regression analysis was
undertaken to examine whether there was an association
between each of the dependent (outcome) variables (change
in MMSE, CAMCOG, and UPDRS III scores over two years)
and the presence of the PIGD subtype at baseline (indepen-
dent variable) in PD subjects. For this part of the analysis

PIGD was coded as 1 and TD or IND subtypes were coded as
0. Other covariates included were baseline GDS depression
score and baseline CAMCOG total, as in our previous paper
these differed significantly between TD and PIGD PD subjects
at initial assessment. SPSS (version 13) was used for all
statistical analyses.

RESULTS
Demographics and baseline motor subtype
Table 1 shows the demographics of the three patient groups
and the control group. The groups were well matched for age
(one way analysis of variance: F = 2.0, p = 0.124), although
there was a non-significant trend for more male patients in
the PD and PDD groups compared with the control and DLB
groups (x2 = 4.4, Fishers exact test, p = 0.054). Mean levels of
cognitive impairment differed across the four groups at
baseline (for MMSE: x2 = 110, p,0.001; for CAMCOG:
x2 = 115, p,0.001). Controls were least impaired followed
by PD, PDD, and DLB groups. PDD patients had a longer
duration of extrapyramidal symptoms compared with the PD
and DLB groups (mean 8.5 years v 4.3 and 2.0 years,
respectively, p ,0.001). At baseline, 29 PD, 40 PDD, and
seven DLB subjects were taking L-dopa; there was no
significant difference between the mean dose of L-dopa in
each group (one way analysis of variance: F = 0.731,
p = 0.49). The PIGD motor subtype was significantly over-
represented in the PDD (83% of all patients) and DLB (73%)
groups compared with the PD group (40%) (x2 = 23.8,
p,0.001, for PDD and DLB combined v PD).

Cognitive and motor decline
At two years’ follow up, three controls, five PD (including one
death), 18 PDD (including nine deaths), and 10 DLB
(including four deaths) patients were lost to follow up.
Demented subjects were significantly more likely to be lost to
follow up by two years than non-demented subjects (Fisher’s
exact test: p,0.001, OR = 4.7, CI = 2.0 to 11.0). Not all

Table 1 Baseline demographic, cognitive, and motor characteristics

Characteristic Control (n = 41) PD (n = 40) PDD (n = 42) DLB (n = 41)

Mean age, y (SD) 75.2 (6.8) 75.4 (5.7) 73.1 (5.8) 76.4 (6.8)
Men, n (%) 22 (54) 30 (75) 27 (64) 22 (54)
Duration of cognitive symptoms at baseline, y (SD) NA NA 2.8 (2.4) (n = 38) 2.5 (1.9) (n = 39)
Mean MMSE (SD) (maximum score = 30) 28 (2) 27 (2) 19 (6) 16 (5)
Mean total CAMCOG (SD) (maximum score = 105) 94 (4) 89 (7) 64 (15) 59 (14) (n = 38)
Duration of parkinsonism at baseline, y (SD) NA 4.3 (4.2) 8.5 (6.4) 2.0 (1.5) (n = 16)
Baseline mean L-dopa dose mg (SD), number of cases NA 435 (309) (n = 29) 433 (227) (n = 40) 307 (249) (n = 7)
Two year mean L-dopa dose mg (SD), number of cases NA 494 (290) (n = 34) 460 (242) (n = 23) 310 (185) (n = 18)
Motor subtype: NA

PIGD, n (%) 16 (40) 35 (83) 30 (73)
TD, n (%) 18 (45) 3 (7) 4 (10)
Indeterminate, n (%) 6 (15) 4 (10) 7 (17)

NA, not applicable.

Table 2 Cognitive and motor change between baseline and two years in patient groups, according to baseline motor subtype

Group (n) Controls (n = 38) PD (n = 35) PDD (n = 24) DLB (n = 31)

MMSE 20.3 (2.0) 20.2 (2.9) 24.5 (7.0) 23.9 (5.2)

CAMCOG 1.1 (6.9) 21.8 (7.8) 211.0 (14.2) 29.5 (9.9)

UPDRS III 21.6 (2.5) 25.1 (13.4) 29.7 (13.8) 211.3 (14.6)

Phenotype (n) IND (5) PIGD (14) TD (16) IND (2) PIGD (21) TD (1) IND (6) PIGD (22) TD (3)

MMSE (n) 0.2 (1.9)
n = 5

21.8 (3.3)
n = 14

1.1 (2.0)
n = 16

21.0 (0.0)
n = 2

25.1 (7.3)
n = 20

0.0
n = 1

25.3 (4.6)
n = 6

24.3 (4.9)
n = 17

1.3 (6.5)
n = 3

CAMCOG (n) 1.0 (2.8)
n = 5

26.1 (9.7)
n = 14

1.2 (4.9)
n = 16

1.5 (7.8)
n = 2

211.7 (14.1)
n = 13

227.0
n = 1

210.0 (9.8)
n = 5

211.1 (7.8)
n = 7

25.0 (16.5)
n = 3

UPDRS III (n) 1.0 (15.0)
n = 5

28.9 (14.3)
n = 14

23.6 (11.9)
n = 16

210.0 (7.1)
n = 2

29.8 (14.9)
n = 18

27.0
n = 1

28.3 (12.1)
n = 6

210.6 (16.7)
n = 11

219.7
(11.2)
n = 3

Values are shown as means (SD). IND, indeterminate subtype. Negative numbers represent a worsening and positive numbers represent an improvement, compared with baseline values.
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remaining DLB and PDD participants were able to complete
the MMSE, CAMCOG, and UPDRS III tests at two years. The
main reasons for missing data were sleepiness, inability to
engage, being mute, or being bed/wheelchair bound.

Table 2 shows the mean decline in cognition across all
groups, and according to baseline motor subtype. Mean
decline in MMSE score over two years for each group was:
controls = 0.3, PD = 0.2, PDD = 4.5, and DLB = 3.9 points
(one way analysis of variance; F = 8.2, p,0.001). Games-
Howell post hoc tests showed that there was a significant
difference between the two dementia groups in comparison
with both controls and PD patients (p,0.05) while there was
no difference between PDD and DLB groups (p = 0.987) or
between the control and PD groups (p = 0.997). Mean total
CAMCOG score did not decline over two years in controls but
fell in the PD, PDD, and DLB groups by 2, 11, and 10 points,
respectively. There was a significant difference in the
cognitive decline across the groups (F = 9.5 p,0.001), with
post hoc tests showing a significant difference between each
of the two dementia groups and controls (p,0.05) but not
between the dementia and PD groups (PD v DLB, p = 0.059;
PD v PDD, p = 0.102). Additionally, there was no difference
between the controls and PD subjects (p = 0.367) or between
PDD and DLB groups (p = 0.987). Over the two year study
period, cholinesterase inhibitor drug use increased in the DLB
group from 13 patients at baseline to 22 patients, and in the
PDD group from six patients at baseline to 20 patients at two
years.

Mean UPDRS III scores deteriorated over the two year
follow up in all patient groups, with decline in the PDD and
DLB being more rapid (mean decline; controls = 1.6,
PD = 5.1, PDD = 9.7 and DLB = 11.3 points, one way analysis
of variance; F = 4.1, p = 0.008). Post hoc testing confirmed a
significant difference between controls and DLB subjects
(p = 0.04) and a borderline significant difference between the
control and PDD groups (p = 0.07). The deterioration in
motor scores occurred despite the use of L-dopa in an
additional eight PD, one PDD, and 14 DLB subjects, compared
with baseline. Table 1 illustrates the mean L-dopa dose taken
at two years; there was no significant change in the dose
taken across the three groups over this period (one way
analysis; F = 2.9, p = 0.063).

There was no significant difference in rate of cognitive and
motor decline between PD and PDD patients of short and
long disease duration (groups determined by dichotomising
about the mean disease duration; data not shown).

Change in motor phenotype over two years
In 66% of the 90 PD, PDD, and DLB subjects still available for
assessment at two years, motor phenotype was the same at
two years as it had been at baseline. Although no PIGD PD
subjects converted to a TD subtype, four of six indeterminate

PD patients were re-classified as a PIGD subtype and four of
18 TD patients were re-classified as an indeterminate subtype
at two years.

Within the DLB group, one of four TD DLB subjects had
converted to PIGD before withdrawal at one year and of
seven indeterminate subjects, two had converted to TD and
two to PIGD at two years.

Within the PDD group, only one of 35 PIGD subjects
converted to TD at two years. Of three TD PDD patients at
baseline, two evolved to a PIGD subtype while the third died
during follow up. Of four indeterminate PDD subjects at
baseline, two were classified as TD at two years.

Cognitive decline, incident dementia, and baseline
motor subtype in PD patients
Univariate linear regression analyses showed significant
associations between change in MMSE score over two years
and the presence/absence of the PIGD motor phenotype as
well as baseline total CAMCOG score in PD subjects (table 3).
There was no significant association between change in
MMSE score and baseline GDS score. The final multivariate
model showed that the magnitude of decline in the MMSE
score of PIGD PD patients was greater than that of non-PIGD
PD subjects and that this decline was exacerbated by a lower
baseline total CAMCOG score (b = 22.29, 95%CI: 24.13 to
20.46, p = 0.016).

Univariate linear regression analyses showed a significant
association between change in total CAMCOG score over two
years and the presence/absence of the PIGD motor phenotype
(b = 27.29, 95%CI: 212.20 to 22.37, p = 0.005). Thus, PD
patients classified as PIGD at baseline had a greater decline in
cognitive function. There was no significant association
between change in total CAMCOG score and baseline GDS
score or baseline total CAMCOG score.

Linear regression did not show any significant association
between the change in UPDRS III score over two years and
presence/absence of the PIGD phenotype in PD subjects
(b = 26.45 95% CI = 215.7 to 2.8, p = 0.166). Also, there
were no significant associations between change in UPDRS
III scores and baseline GDS and total CAMCOG scores.

Figure 1 (A–C) summarises the motor phenotype changes
over two years for the 40 PD patients who entered the study.
Of the 16 PIGD patients at baseline, four (25%) developed
dementia during the two year study period, compared with
none in the combined TD and IND groups (x2 = 6.7, Fisher’s
exact test p,0.05).

DISCUSSION
The main outcome of this study is that in PD a PIGD motor
subtype is generally associated with a more rapid rate of
cognitive decline than a TD or IND subtype. Furthermore,
incident dementia occurs more commonly in the PIGD

Table 3 Results of forward stepwise linear regression analysis for predictors of change in cognition and motor function in PD
subjects

Outcome measure Explanatory variable

Univariate models Final multivariate models

b 95%CI p b 95%CI p

Change in MMSE score Presence of a PIGD subtype 22.64 24.45 to 20.84 0.005 22.29 24.13 to 20.46 0.016
Baseline total CAMCOG score 0.15 0.00 to 0.30 0.044
Baseline total GDS score 0.18 20.18 to 0.54 0.316

Change in total CAMCOG score Presence of a PIGD subtype 27.29 212.20 to 22.37 0.005 27.29 212.20 to 22.37 0.005
Baseline total CAMCOG score 0.14 20.28 to 0.56 0.490
Baseline total GDS score 0.36 20.63 to 1.35 0.462

Change in total UPDRS III score Presence of a PIGD subtype 26.45 215.73 to 2.82 0.166
Baseline total CAMCOG score 0.60 20.09 to 1.29 0.088
Baseline total GDS score 20.88 22.57 to 0.80 0.294
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subtype of PD, compared with indeterminate and TD
subtypes.

The mean annual rates of cognitive decline, using the
MMSE, in our study for PD and PDD are similar to those
reported by Aarsland and colleagues.4 Those authors deter-
mined an annual decline in MMSE of 2.3 for PDD, in
comparison with our figure of 2.25. Mean cognitive decline in
non-demented PD groups was negligible in both studies, at
less than 0.1 points per annum. In contrast with the Aarsland
study, we also studied DLB subjects, who displayed a similar
annual MMSE decline to PDD of nearly two points. This is
somewhat less than the annualised decline in MMSE noted
by other studies for DLB, where mean values of 4.314 and 5.815

have been reported. These inter-study differences cannot
easily be explained by age of the DLB subjects or in their
disease duration, although there were large standard devia-
tions for the mean values presented in all studies.
Furthermore, the MMSE may be a rather insensitive
instrument for reflecting cognitive decline in DLB (and also

in PDD), where executive deficits may be prominent. The
mean decline in CAMCOG scores in our study was also
similar for both PDD (11 points over two years) and DLB (10
points) groups, suggesting a degree of internal consistency in
the data.

Annual rate of motor decline in PD, as evidenced by a
worsening of nearly 2.5 points on the UPDRS III scale, was in
keeping with other studies,16 although direct comparison is
difficult because rate of progression in PD may not be linear.17

Our UPDRS data contrast with the findings of Jankovic and
Kapadia, who reported a more rapid decline in UPDRS III in
PIGD compared with TD patients, after adjustment for age at
initial visit.17 We found no statistically significant difference
between rate of UPDRS III progression and motor subtype in
the PD subjects in our study, although the absolute
deterioration at two years was greater in the PIGD subgroup
than in the TD patients (8.9 and 3.6 points, respectively). This
disparity may be accounted for by the longer period of follow
up in the Jankovic study and the comparatively low numbers

Baseline
B

One year
follow up

10 TD

Two year
follow up

1 IND8 TD1
with-

drawal

2 IND2 TD1 death

18 TD

4 PIGD3 IND

2 TD

1
with-

drawal

Baseline
C

One year
follow up

Two year
follow up

1 IND 4 PIGD

6 IND

1 withdrawal

5 PIGD 1 TD

Baseline
A

One year
follow up

1 withdrawal

Two year
follow up

1 withdrawal,
1 death

(1 diagnosed
with PDD)

15 PIGD
(2 diagnosed

with PDD)

1 IND 12 PIGD
(1 diagnosed

with PDD)

16 PIGD Figure 1 The motor phenotypes of
non-demented PD subjects and how
they changed over two years (A)
Phenotype changes in PD subjects who
were PIGD at baseline (cases who
converted to PDD are noted). (B)
Phenotype changes in PD subjects who
were TD at baseline. (C) Phenotype
changes in PD subjects who were IND
at baseline.
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of PD subjects in each motor subtype in our study at baseline.
Further follow up in our cohort may show a divergence in the
rate of motor decline between subtypes. Interestingly, the
rate of deterioration in motor function was almost twice as
rapid in both of our demented groups (PDD and DLB),
compared with PD subjects. We found no significant
difference in the rate of either cognitive or motor decline
between PD and PDD patients of short compared with long
disease duration. The comparatively small numbers in each
group and the comparatively short period of follow up
necessitate caution in interpreting this finding, however.

Evolution of motor subtype and incident dementia in PD
are likely to represent variable involvement of, and rate of
neurodegeneration in, diverse neurochemical systems.
Increasing cell loss in cholinergic nuclei is likely to underpin
cognitive decline in PD,5 18 as well as the emergence of L-dopa
refractory motor features, while recent PET evidence suggests
that cell loss in the serotonergic median raphe nucleus may
correlate with tremor severity in PD.19 Furthermore, brady-
kinesia, rigidity, gait, and balance have previously been
reported to progress at the same rate in people with PD, while
change in tremor was independent of these signs.16

More severe motor symptoms, relating to putative non-
dopaminergic lesions, may be predictive of more rapid
cognitive decline,4 and have been associated with incident
dementia.6 Our finding, of 25% of the PIGD PD patients
developing dementia during the course of this study,
compared with no non-PIGD subtype patients, would support
these observations. Differential rates of neurodegeneration
within neurochemically diverse brain stem nuclei could also
provide a pathophysiological explanation as to why several
patients in the PD group evolved from a TD subtype at
baseline to indeterminate and PIGD subtypes during follow
up.

Strengths of this prospective study include the inclusion of
patients diagnosed according to formal diagnostic criteria
and verified by consensus agreement, and the use of both
CAMCOG and MMSE to record cognitive changes.
Furthermore, this is the first study that we are aware of to
compare rates of cognitive and motor decline in DLB subjects,
as well as PD and PDD groups.

Potential weaknesses include the comparatively high drop
out rate during the study and, subsequently, the small
patient numbers in some motor subtype groups at follow up.
More demented patients were lost to follow up, mainly
because of increased mortality. We believe that this is
unlikely to have significantly changed the conclusions of
the study, however, because such patients would be predicted
to have more rapid rates of cognitive and motor decline.
Thus, our data for PDD and DLB groups would be, if
anything, a conservative estimate. Only five of 40 PD subjects
(12.5%) were lost to follow up, so it is improbable that our
conclusions relating to motor phenotype and cognitive
decline in PD would have been affected. A follow up period
of two years is still comparatively short, however, and it must
be acknowledged that rate of decline in both cognitive and
motor performance is unlikely to be linear over the natural
history of Lewy body disease.17 20 21 Furthermore, recruitment
of all study groups was from outpatient clinics, while all PD
subjects were aged 65 or over, thereby potentially limiting the
generalisability of our results.

In conclusion, a PIGD motor subtype of PD is associated
with a more rapid rate of cognitive decline, while incident
dementia occurs more commonly in this subtype of PD. This
information may be useful in informing future trials of
putative cognitive neuroprotective agents in PD populations.
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