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Abstract
Background—Comorbid diabetes may be associated with more severe motor impairment in
Parkinson disease. In normal elderly individuals, diabetes is associated with parkinsonian features,
including gait difficulty and rigidity, though not tremor. Whether diabetes contributes to increased
motor dysfunction in Parkinson disease by exacerbating nigrostriatal dopaminergic denervation or
through intensification of extranigral pathology is unknown.

Methods—We performed a case-control study (n=39) involving 13 Parkinson disease subjects
(age 66.4 yrs ± 5.5; duration of disease 6.9 yrs ± 4.4) with diabetes and 26 age, gender, and
duration-of-disease-matched Parkinson disease controls without diabetes. All subjects underwent
[11C]dihydrotetrabenazine vesicular monoamine transporter type-2 positron emission tomography
imaging to assess striatal dihydrotetrabenazine distribution volume ratio and Unified Parkinson
disease rating scale motor examination to determine rigidity, bradykinesia, tremor, and postural
instability and gait difficulty subscores. Magnetic resonance imaging scans were analyzed to
assess leukoaraiosis burden.

Results—After controlling for nigrostriatal dopaminergic denervation, Parkinson disease
subjects with diabetes displayed greater postural instability and gait difficulty subscores (t=3.81,
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p=0.0005). There were no differences in bradykinesia, rigidity, or tremor subscores between cases
and controls. The association between diabetes and postural instability and gait difficulty persisted
after controlling for comorbid hypertension and body mass index. Leukoaraiosis, distal vibratory
sense, and levodopa dose equivalents did not differ significantly between cases and controls.

Conclusions—Diabetes may contribute to postural instability and gait difficulty in Parkinson
disease through mechanisms other than nigrostriatal dopaminergic denervation.
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Introduction
Motor subtype heterogeneity in idiopathic Parkinson disease (PD) is a common disease
feature but the pathophysiologic factors that underlie motor heterogeneity are not well
understood. Postural instability and gait difficulty (PIGD) is a motor subtype seen more
frequently later in the disease course [1] and is associated with worse quality of life.[2]
Although PD is historically thought of as disorder of nigrostriatal dopaminergic denervation,
PIGD symptoms show a limited response to dopaminergic treatments.[3] Relatively poor
response to dopaminergic treatments likely reflects the multifactorial etiology of PIGD in
PD. Increased PIGD burden is perhaps the most significant motor feature contributing to
higher disability scores on the Hoehn and Yahr scale [4] though the causes and factors
related to PIGD progression in PD are not well understood.

The presence of diabetes in otherwise normal elderly individuals is associated with
parkinsonian motor features, including gait disturbance and rigidity, though not tremor or
bradykinesia.[5] Comorbid diabetes may contribute to motor impairments in PD. Cereda et
al. reported a case-control study of PD subjects with and without antecedent diabetes and
found that PD subjects with diabetes exhibited higher motor scores and received higher
doses of dopaminergic medications.[6] A greater proportion of recently diagnosed PD
subjects with antecedent diabetes were assessed as Hoehn and Yahr stage III (20.2%)
compared to non-diabetic PD subjects (4.5%). These finding suggests that diabetes may
preferentially exacerbate axial motor impairments. The more intensive dopamine
replacement therapy documented by Cereda et al. in their diabetic PD subjects suggests that
diabetes may be associated with greater nigrostriatal dopaminergic denervation. Axial motor
dysfunctions, however, are generally less responsive to dopamine replacement and
considerable data suggests that extranigral pathologies underlie axial motor dysfunctions.[7]
We performed a case-control study of subjects with PD with and without a history of
diabetes to determine if comorbid diabetes is associated with greater impairment of specific
motor features of Parkinson disease, independent of the degree of nigrostriatal dopaminergic
denervation.

Subjects and Methods
Subjects and clinical test battery

This case-control study involved 13 PD subjects with a history of diabetes (cases) and 26 PD
subjects with no history of diabetes (controls). Diabetes status was determined through
subject self-report in a standardized interview. All 13 cases had type-2 diabetes (DM2).
Diabetic medications amongst cases included metformin (n = 9), sulfonylureas (n =5),
insulin (n = 3), and thiazolidinediones (n =3). The two groups were matched with regards to
age, gender, and duration of disease (Table 1). All subjects underwent a standardized
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assessment of height and weight to calculate body mass index as well as a clinical evaluation
to determine whether they carried a known history of comorbid hypertension.

All subjects met the UK Parkinson Disease Society Brain Bank Research Center clinical
diagnostic criteria for PD.[8] Striatal [11C]dihydrotetrabenazine (DTBZ) PET findings were
consistent with the diagnosis of PD in all subjects. No subjects had evidence of previous
large artery strokes on Magnetic Resonance Imaging (MRI). The Unified Parkinson Disease
Rating Scale (UPDRS) was performed in the “off” state after withholding dopaminergic
medications overnight. To explore associations between diabetes and motor heterogeneity in
PD, UPDRS Motor exam subscores were calculated for the following categories:
Bradykinesia (facial expression, right and left finger tapping, right and left hand movements,
right and left pronation and supination of the hands, right and left toe tapping), Tremor (right
and left upper extremity postural tremor, right and left upper extremity kinetic tremor, right
and left arm rest tremor, right and left leg rest tremor), Rigidity (right arm, right leg, left
arm, and left leg), and Postural Instability and Gait difficulty(posture, postural stability,
gait).

Standard Protocol Approvals, Registrations, and Patient Consents
The study was approved by the Institutional Review Board of the University of Michigan.
Written informed consent was obtained from all subjects.

Imaging techniques
DTBZ PET Imaging

DTBZ PET Imaging was performed in 3D imaging mode using an ECAT HR+ tomograph
(Siemens Molecular Imaging, Inc., Knoxville, TN), which acquires 63 transaxial slices (slice
thickness: 2.4 mm; intrinsic in-plane resolution: 4.1 mm full-width at half maximum
(FWHM) over a 15.2 cm axial field-of-view. A NeuroShield (Scanwell Systems, Montreal,
Canada) head-holder/ shielding unit was attached to the patient bed to reduce the
contribution of detected photon events originating from the body outside the scanner field-
of-view.[9] Before beginning radioligand injections, a 5-minute transmission scan was
acquired using rotating 68Ge rods for attenuation correction of emission data using the
standard vendor-supplied segmentation and re-projection routines. All subjects were studied
in the supine position, with eyes and ears unoccluded, resting quietly in a dimly lit room.

No-carrier-added (+)-[11C]DTBZ (250 to 1000 Ci/mmol at the time of injection) was
prepared as reported previously.[10] Dynamic PET scanning was performed for 60 minutes
immediately following a bolus injection of 55% of 555 MBq (15 mCi) of (+)-[11C]DTBZ
dose (containing less than 50 micrograms of cold DTBZ mass) over the first 15 to 30
seconds of the study, while the remaining 45% of the dose was continuously infused over
the next 60 minutes, resulting in stable arterial tracer levels and equilibrium with brain tracer
levels after 30 minutes.[11] A series of 15 scan frames over 60 minutes were obtained as
following: four × 30 seconds; three ×1 minute; two ×2.5 minutes; two ×5 minutes; and four
×10 minutes.

MRI Imaging
All subjects underwent brain magnetic resonance imaging on a 3T Philips Achieva system
(Philips, Best, The Netherlands) utilizing either an 8-channel or 15-channel headcoil. A
standard T1-weighted series of a 3D inversion recoveryprepared turbo-field-echo was
performed in the sagittal plane using TR/TE/TI=9.8/4.6/1041ms; turbo factor=200; single
average; FOV=240x200x160mm; acquired Matrix = 240x200. One hundred and sixty slices
were reconstructed to 1mm isotropic resolution. This sequence maximizes contrast among
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gray matter, leukoaraiosis, and CSF and provides high-resolution delineation of cortical and
subcortical structures.

Leukoaraiosis burden MR imaging analysis
Supratentorial leukoaraiosis burden was estimated in 36 of 39 total subjects using an
automated routine involving the analysis of co-registered FLAIR and SPGR MRI sequences
for each subject.[12] This method was previously validated [13] and uses cerebellar white
matter, a region relatively unaffected by age-associated leukoariosis, as a reference region
for comparison of supratentorial hyperintensities. In comparison to visual quantitative rating
scales for assessing MRI hyperintensities, our automated method may offer a more sensitive
and uniform assessment of white matter burden. The cut-off of 1.65 SD was chosen on best
visual discrimination of visually assessed focal white matter lesions and automatic detection
by our software.

FLAIR based white matter hyperintensities were defined as 1.65 standard deviations greater
than the reference region mean in intensity for bilateral frontal, parietal, temporal and
occipital regions for each individual subject.[12] A similar automated analysis was
conducted for the brainstem. The natural log of the number of white matter hyperintensities
per region was calculated to allow normalization of data values. Supratentorial white matter
volume was determined after image segmentation using the SPM5 software routine. We then
used this volume to normalize the supratentorial white matter lesion burden. White matter
hyperintensities were estimated qualitatively for the bilateral cerebellar hemispheres. Due to
technical problems encountered in imaging processing, 3 subjects (2 cases & 1 control) were
excluded from supratentorial white matter burden analysis and 4 subjects (2 cases & 2
controls) were excluded from brainstem analysis.

PET analysis
Interactive Data Language image analysis software (Research systems, Inc., Boulder, CO)
was used to manually trace the striatal volume of interest (VOI) on MRI images to include
the caudate nucleus and putamen of each hemisphere. Total neocortical VOI were defined
using semi-automated threshold delineation of the cortical gray matter signal.

All image frames were spatially co-registered within subjects with a rigid-body
transformation to reduce the effects of subject motion during the imaging session. These
motion-corrected PET frames were spatially co-registered to the T1-weighted MR using
standard co-registration procedures in SPM8b implemented in Matlab 2010b (The
Mathworks). Time activity curves for each VOI were generated from the spatially aligned
PET frames. 11C-DTBZ VMAT2 distribution volume ratio (DVR) was then estimated by
using the Logan plot graphical analysis method [14] with the time activity curves as the
input function and neocortex as reference tissue.[11, 14, 15]

Vibratory detection analysis
Large fiber polyneuropathy may also contribute towards gait and balance problems in PD
patients with comorbid diabetes. To account for the degree of large fiber polyneuropathy, a
variable was created to estimate the degree of vibratory sense detection at the medial
malleolus using a 128-Hertz tuning fork. Subjects were tested bilaterally and the mean
duration of vibratory sense detection was calculated for each individual subject. Although
this specific method has not been previously validated, a similar assessment measuring
vibration sense detection at the great toe has shown favorable accuracy and reproducibility
compared to monofilament testing in the detection of diabetic polyneuropathy.[16
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Statistical analysis
Standard pooled-variance t-tests, chi-squared testing, and Fisher’s exact test were used for
comparison of demographic variables between groups (SAS version 9.3, SAS institute,
Cary, North Carolina). Multivariable linear regression analysis was performed using
bradykinesia, tremor, rigidity, and PIGD subscores as dependent variables in separate
models with both diabetes status and striatal DTBZ DVR serving as covariates. T-values for
the diabetes regression parameter estimate were calculated for each motor subtype to
determine the influence of diabetes on motor subtype scores after controlling for degree of
nigrostriatal dopaminergic denervation using the striatal DTBZ DVR variable. Due to the
possibility that significant obesity may confound the clinical assessment of PIGD, and
because BMI and a history of hypertension (HTN) were found to differ between cases and
controls, a post-hoc analysis for the PIGD motor subtype was performed with the addition of
BMI and a history of hypertension as covariates along with DTBZ DVR to determine if they
altered the association between diabetes and PIGD.

Results
Subject comparisons

There were no significant differences between cases or controls in age, gender, duration of
disease, or levodopa dose equivalents (Table 1). Hoehn and Yahr (HY) scores were slightly
higher in the subjects with diabetes though this difference was not statistically significant
(2.7 ±0.72 vs. 2.3 ±0.58). Diabetic subjects had more frequent comorbid hypertension
(69.2% vs. 34.6%) and higher body mass index (BMI) scores (33.4 ± 6.0 vs. 27.6 ± 3.7).
There were no significant differences in the degree of supratentorial or brainstem
leukoaraiosis burden, or vibratory sense detection between cases and controls. Qualitative
assessment of cerebellar hyperintensities showed no significant differences between diabetic
subjects and those without diabetes (0.69 ±1.32 vs. 0.53 ± 1.13 cerebellar hyperintensities
per subject; Fisher’s exact test=0.03, p=0.87).

An exploratory subset analysis was conducted through a retrospective chart review to
determine whether disease duration of either hypertension or diabetes for 2 years or greater
is associated with worsened PIGD scores compared to those with a shorter known history of
these two cardiovascular comorbidities. No differences were found in PIGD scores between
subjects with a longer history of diabetes (5.1 ± 3.2 vs. 4.8 ± 2.1; n=7 vs. 4, t=0.18, p=0.86)
or hypertension (3.9 ± 2.1 vs. 4.8 ± 2.3; n=10 vs. 6; t=0.88, p=0.40) compared to those with
more recent diagnoses of either diabetes or hypertension. Classes of antihypertensive
medications used amongst subjects (number of diabetic subjects vs non-diabetic subjects)
are as follows: nitrates (1 vs. 0), angiotensin receptor blockers (1 vs. 1), beta-blockers (3 vs.
3), diuretics (3 vs. 6), calcium channel blockers (1 vs. 3), angiotensin converting enzyme
inhibitors (5 vs. 2). There were no statistically significant differences between cases and
controls in the use of any specific class of antihypertensive medication (Fisher’s exact
test=0.007, p=0.75).

Regression Analysis
Motor subscore values are presented in table 2. There were no significant differences seen in
striatal DTBZ DVR values between cases and controls (Table 1). Individual multivariable
linear regression models were performed with each of the 4 motor subscores serving as a
dependent variable in separate models and striatal DTBZ and diabetes status serving as
independent variables. Significant overall model effects were found for bradykinesia,
rigidity, and PIGD subscores but not for tremor (Table 2) subscore. Diabetes status predicted
PIGD subscores (t=3.81, p=0.0005) though not bradykinesia (t=1.99, p=0.055) or rigidity
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subscores (t=1.38, p=0.176). Striatal DTBZ DVR was a significant independent predictor of
bradykinesia, rigidity, and PIGD subscores

Post-hoc Analysis
We performed post-hoc analyses to determine whether BMI score or a history of comorbid
hypertension might account for the increased PIGD burden seen amongst diabetic subjects.
BMI and hypertension status were tested as coregressors along with diabetes status and
striatal DTBZ DVR in a linear regression model using PIGD score as the dependent
variable. Diabetes remained a significant predictor of PIGD score (t = 2.29, p = 0.028), after
controlling for striatal DTBZ DVR, BMI, and a history of comorbid hypertension.

Discussion
We report that a history of diabetes in PD is associated with increased PIGD motor feature
severity. The differences in PIGD motor feature severity between PD subjects and well-
matched control PD patients without diabetes are not explained by differences in striatal
dopaminergic denervation, leukoaraiosis, or large fiber polyneuropathy. The association
between diabetes and PIGD persisted after controlling for BMI and comorbid hypertension.
Our findings suggest that motor subtypes in PD patients with a history of diabetes may be
linked to mechanisms of neural injury other than impairment of nigrostriatal dopamine
projection system integrity.

PD has been associated with states of inflammation and oxidative stress [17] that could
potentially be worsened by the presence of co-morbid diabetes.[18] The relationship
between PD and diabetes is complex and inadequately explored. Impaired glucose
metabolism may occur in anywhere from 50 to 80% of PD patients [19] though its role in
PD pathogenesis is not well understood. Dopaminergic medications, including levodopa,
may also promote a state of relative hyperglycemia.[20] However, diminished insulin-
mediated glucose uptake has been shown even in early, treatment-naive PD subjects.[21]
The recent work of Cereda et al. suggests that diabetes could influence the incidence and
progression of PD. On the other hand, Miyake et al. have previously reported an inverse
association between diabetes and the risk for incident PD.[22] Their analysis, however,
adjusted for dietary glycemic intake and regular exercise, both of which varied between
cases and controls. Our results suggest that irrespective of any effect on incidence, co-
morbid diabetes influences important aspects of motor heterogeneity in PD. The higher
UPDRS motor scores seen amongst diabetic subjects in the Cerada et al. cohort likely reflect
increased PIGD burden rather than simply more severe and homogenous impairment across
all parkinsonian motor domains.[23] The differences in dopaminergic therapy between
diabetic subjects and non-diabetic subjects seen in their cohort but not ours may reflect
differences in clinical practice regarding the use of dopaminergic medications. Cases and
controls in our study showed no differences in nigrostriatal dopaminergic terminal integrity
suggesting that extranigral pathology may mediate differential PIGD burden.

One obvious candidate for diabetes effects on PD phenotype would be increased co-morbid
vascular pathology. A large postmortem study reported increased prevalence of vascular
pathology, including lacunar strokes, leukoaraiosis lesions, amyloid angiopathy, and
microhemorrhages in PD subjects compared to controls (44.0 % vs. 32.8%).[24] We
reported previously that supratentorial leukoaraiosis is associated with axial motor features
in PD.[12] Similarity between our cases and controls in supratentorial leukoaraiosis burden,
however favors an alternative mechanism of extranigral neuronal injury.

Various lines of evidence have emerged from research on Alzheimer’s disease that tie
together elements of the metabolic syndrome and neurodegeneration.[25] These include
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dysregulation of tau protein, pathologic amyloid precursor protein processing, and
cholinergic system dysfunction.[26, 27, 28] Although these pathologic factors appear to
relate more closely to clinical features of cognitive impairment, PIGD is a known risk factor
for dementia in PD [29] and may share mechanisms of neurodegeneration. A recent multi-
center study reported that cardiovascular disease, diabetes, and non-tremor motor
presentations of PD may each be risk factors for cognitive impairment.[30] Further research
is needed to clarify whether diabetes and other cardiovascular comorbidities represent clear
antecedent risk factors for specific PD motor features.

An alternative possibility is that impaired blood sugar regulation may be linked to
mitochondrial pathology in PD. A phase-2 clinical trial of the oral antidiabetic medication
pioglitazone, a peroxisome proliferator-activated receptor agonist that may augment
mitochondrial metabolism, is currently underway in PD subjects.[31] Though improving
mitochondrial pathology would not be expected to yield a PIGD-specific benefit, an overall
improvement in systemic glucose metabolism might potentially influence the development
of PIGD amongst PD subjects. These potential mechanisms are not mutually exclusive and
could proceed in parallel.

Limitations of our study include our cross-sectional design which allows only for inferences
of association rather than causation. Although there were no major differences in Hoehn and
Yahr staging between groups, this may reflect the fact that Hoehn and Yahr staging depends
heavily on performance of the single-item retropulsion test whereas the summed PIGD
measure better incorporates gait function and has better metric statistical properties.
Although our sample is small in size and features a higher proportion of male subjects, all
subjects were recruited from the same clinical sites and careful multi-domain matching of
cases and controls suggest that differential selection bias should not account for significant
differences in motor impairment. Diabetes status was assessed by self-report rather than
laboratory testing though recall bias would be expected to be similar amongst cases and
controls. Other limitations include our use of a subjective and potentially imprecise
vibratory sense detection variable as a proxy for assessing the severity of a large fiber
diabetic neuropathy. The uniformity, however, of our clinical assessments is a relative
strength with 35/39 subjects examined by the same investigator (N.B.). Cases and controls
in our cohort showed no significant differences in levodopa-dose equivalents. Nevertheless,
previous studies in PD subjects have suggested that higher doses of levodopa may associate
with cyanocobalamin deficiency and an increased risk for a distal symmetric
polyneuropathy,[32] which could potentially exacerbate gait impairment. PD subjects with
comorbid diabetes may warrant more careful screening for vitamin B12 deficiency.

Diabetes may exacerbate specific nondopaminergic parkinsonian motor features. Further
longitudinal studies are needed a) to determine whether impaired glucose metabolism
represents an early risk factor for the development of parkinsonian gait and postural
instability and b) to determine to what degree impaired glucose tolerance represents a risk
factor for disease progression in early PD. Neuroprotective trials previously encountered
difficulty assessing treatment efficacy in PD in part because of the lack of a clear biomarker
with which to follow disease progression. Unlike many other genetic or remote exposure-
based risk factors associated with PD, impaired glucose control is potentially modifiable and
thus warrants further study. Clinical trials exploring central nervous system-specific
therapies aimed at improving glucose metabolism are already underway in Alzheimer’s
disease [33] and may represent a useful therapeutic strategy in the pursuit of neuroprotection
in PD.
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Table 1

Demographic profiles of Cases and Controls

Mean ± SD

PD subjects with
Diabetes (n = 13)

PD subjects
without Diabetes
(n = 26)

Group
comparison
[significance]

Gender (M/F) 11/2 22/4 χ2 = 0.00, p = 1.00

Mean Age (yrs) 66.5 ± 6.4 66.3 ± 5.1 t = 0.14, p = 0.89

Mean Duration of Disease (yrs) 6.84 ± 4.7 6.98 ± 4.4 t = 0.09, p = 0.93

Mean Hoehn & Yahr scale 2.7 ± 0.72 2.3 ± 0.58 t = 1.62, p = 0.11

Mean Striatal DTBZ DVR 2.10 ± 0.51 1.84 ± 0.26 t* = 1.77, p = 0.10

Body Mass Index (BMI) 33.4 ± 6.0 27.6 ± 3.7 t = 3.73, p = 0.0006

History of statin use 46.2% 34.6% χ2 = 0.49, p = 0.49

History of Hypertension 69.2% 34.6% χ2 = 4.2 p = 0.04

Levodopa dose equivalency 784.2 ± 745.0 886.8 ± 681.0 t = 0.43, p = 0.67

Supratentorial White matter hyperintensity burden (n = 36) −5.37± 2.3 −5.24 ± 1.6 t = 0.12, p = 0.91

Brainstem White matter hyperintensity burden (n = 35) −3.75 ± 4.4 −3.78 ± 4.3 t = 0.08, p = 0.93

Mean Vibratory sense duration (seconds) 8.4 ± 4.5 8.8 ± 4.0 t = 0.29, p = 0.77

Mean Global Cognitive Z-score (n = 37) −0.94 ± 0.85 −0.39 ± 0.95 t = 1.70, p = 0.10

Legend: PD = Parkinson disease, DTBZ DVR = [11C]dihydrotetrabenazine distribution volume ratio,

*
Satterthwaite t-test due to unequal variance
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