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Abstract

Type 2 diabetes mellitus (T2DM) and pre-diabetes or impaired glucose tolerance (IGT) affects a
large segment of the population. Peripheral neuropathy (PN) is a common complication of T2DM,
leading to sensory and motor deficits. While T2DM-related PN often results in balance- and mobility-
related dysfunction which manifests as gait instability and falls, little is known about balance
capabilities in patients who have evidence of PN related to IGT (IGT-PN). We evaluated patients
with IGT-PN on commonly-used clinical balance and mobility tests as well as a new test of trunk
position sense and balance impairment, trunk repositioning errors (TRES). Eight participants aged
50-72 years with IGT-PN, and eight age and gender matched controls underwent balance, mobility
and trunk repositioning accuracy tests at a university neurology clinic and mobility research
laboratory. Compared to controls, IGT-PN participants had as much as twice the magnitude of TRES
and stood approximately half as long on the single leg balance test. People with IGT-PN exhibit
deficits in standing balance and trunk position sense. Furthermore, there was a significant association
between performance on commonly-used clinical balance and mobility tests, and
electrophysiological and clinical measures of neuropathy in IGT-PN participants. Because IGT-
related neuropathy represents the earliest stage of diabetic neuropathy, deficits in IGT-PN
participants highlights the importance of early screening in the dysglycemic process for neuropathy
and associated balance deficits.
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1. Introduction

Type 2 diabetes mellitus (T2DM) affects nearly 20 million people in the United States, while
pre-diabetes or impaired glucose tolerance (IGT) affects approximately 42 million people [1].
Peripheral neuropathy (PN) is a common complication of T2DM occurring over time in more
than half of patients [2,3] leading to lower extremity somatosensory deficits including
reductions in ankle position sense, foot cutaneous sensation, and ankle vibratory sense [4].
Laboratory-based studies indicate impairments in postural control in people with T2DM-
induced PN; T2DM patients with PN have greater postural instability than both diabetic
patients without PN [5,6] and age-matched healthy controls [6,7]. In many cases T2DM
diabetic-related deficits result in or are associated with mobility-related dysfunction such as
gait instability [8] and falls [9,10]. Studies such as these suggest that T2DM PN plays a key
role in the instability observed in patients with diabetes [6].

Recent research in diabetes has focused on a pre-diabetic state known as impaired glucose
tolerance (IGT) [11,12]. IGT is diagnosed with a 2-hour oral glucose tolerance test (OGTT)
with plasma glucose values of 140-199 mg/dL indicating prediabetes (IGT) [11], and confers
increased risk of developing non-insulin dependent diabetes [13]. Nerve conduction studies
demonstrate that neuropathy is already present in 10-18% of patients at the time of diabetes
diagnosis [14,15], suggesting that peripheral nerve injury occurs at early stages of disease and
with milder glycemic dysregulation. Neuropathy occurring early in diabetes is usually
characterized by symmetrical sensory symptoms including pain, and autonomic dysfunction
[12,16-20]. Nerve fiber density and electrophysiological studies have shown that IGT
contributes to small-fiber sensory neuropathy, similar to that observed in diabetes, yet is milder
in its clinical phenotype [12,21,22].

Although patients with T2DM and PN may have balance impairments that may lead to
problems with gait and falls, little is known about balance capabilities in patients who have
IGT and PN. In the present study, we evaluated patients with IGT-related PN on commonly-
used clinical balance and gait tests as well as a new test of trunk flexion position sense [trunk
repositioning errors (TRES)], the latter a measure of underlying balance impairments in older
adults [23]. Our objectives were to compare clinical balance and mobility tests, as well as TRES
between two groups: patients with IGT and PN (IGT-PN) and age- and gender matched controls
(CON). A second objective was to relate performance on clinical balance and mobility tests,
as well as TREs to electrophysiological and clinical measures of neuropathy in IGT-PN
participants. We hypothesized that when compared to CON, patients with IGT-PN would show
greater deficits in clinical balance and gait tests as well as TREs. We also hypothesized that
performance on clinical balance tests would be associated with electrophysiological and
clinical measures of neuropathy in IGT-PN participants.

2. Materials and Methods

Participants

Eight participants aged 50-72 years with impaired glucose tolerance (IGT) and peripheral
neuropathy (PN), were recruited from the Neurology Clinic at the University of Michigan. Our
investigation was approved by the Institutional Review Board of the University of Michigan
Medical School, and participants were consented according to the Declaration of Helsinki. The
criteria for inclusion within this study cohort were evidence of symptomatic clinical peripheral
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neuropathy based on the Michigan Neuropathy Symptom Instrument (MNSI), Michigan
Diabetic Neuropathy Score (MDNS) [24-26] and an abnormality in at least one of the
following: (1) nerve conduction studies (NCS) of the median motor and sensory responses,
tibial and peroneal motor responses and sural sensory response on the left sides, (2) CASE IV
quantitative sensory testing (QST) (=95 percentile compared to gender and age matched
controls for cold detection threshold (CDT) in the dorsal foot or vibration detection threshold
(VDT) at the great toe) [27,28] or (3) quantitative sudomotor axon reflex testing (QSART)
sweat volume (<5™ % at one of four sites: medial forearm 75% of the distance from the ulnar
epicondyle to the pisiform bone, the proximal leg, medial distal leg, and proximal foot [29,
30]. Participants also required glucose measurements consistent with either IGT or impaired
fasting glucose (IFG) on at least two separate tests of IGT or IFG, using current definitions for
these disorders of glucose regulation [31]. Subjects were screened for other causes of
neuropathy including concurrent use of neuropathy-inducing medications, environmental
toxins, hereditary neuropathy, and laboratory screening (thyroid stimulating hormone, serum
protein electrophoresis and immunofixation, antinuclear antibody, vitamin B12 levels, folate
levels, and erythrocyte sedimentation rate). Participants were excluded from enrollment if they
had a history of an unstable, severe, or chronic medical, arthritic or neurological condition,
other than impaired glucose regulation, that might be associated with neuropathy, impairment
of balance control, cognition, or ability to comply with the testing requirements of the study.
Participants were also excluded if they were on concomitant therapy with experimental
medications or with medications known to cause IGT or impairment of balance or cognition.
Participants were allowed to remain on stable doses of pain medications that did not cause an
adverse effect in the participant. Eight healthy community-dwelling age- and gender-matched
participants were recruited as non-diabetic controls (CON). Functionally independent
community-dwelling volunteers were recruited from a database maintained by the University
of Michigan Older Americans Independence Center Human Subjects and Assessment Core
and other University of Michigan Hospital and local advertisements. All participants were
Caucasian. All participants (IGT-PN and CON) underwent a complete medical history and
physical examination. Participants were excluded if they were medically unstable, reported
back or lower extremity symptoms that might affect balance and trunk position sense testing,
or reported a history of upper motor neuron disease such as stroke or Parkinson’s disease that
could affect balance. At screening, all IGT-PN participants had clinical symptoms and signs
of peripheral neuropathy. Those in the CON group denied a history of diabetes or elevated
glucose and had no clinical evidence of PN on history or examination. Both IGT-PN and CON
had limited musculoskeletal complaints in the lower extremity (2/8 in each group), but were
asymptomatic at the time of testing. Four of the eight IGT-PN complained of difficulty with
balance, walking or falls. There were no other relevant active symptoms or diagnoses. Height,
weight, and body mass index (BMI) was obtained for all participants. BMI was calculated as
kg/m2.

Measures of Neuropathy

The methods for performing and interpreting the NCS, QST, QSART, and intraepidermal nerve
fiber density (IENFD) have been previously published [21,32,33]. An abnormal sural nerve
amplitude is a frequent NCS abnormality in IGT patients (other NCS measures are most often
normal) and provides a measure of large myelinated nerve fiber function in a distal leg sensory
nerve. An abnormal response is consistent with clinical findings of neuropathy.

The Michigan Diabetic Neuropathy Score (MDNS) provides a quantitative neurological

assessment of sensation, strength and reflexes in the extremities, with emphasis on the hands
and feet. This instrument is currently in use in the Epidemiology of Diabetes and Complications
Trial (EDIC). The MDNS has been administered to over 8,000 patients and has been validated
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as an instrument to determine the presence and severity of neuropathy in diabetic patients
[25,26]

Trunk repositioning errors (TRES)

Trunk position sense as indicated by Trunk Repositioning Errors (TRES) was assessed under
three visual-surface conditions: eyes opened standing on the floor (EO FLOOR), eyes closed
standing on the floor (EC FLOOR), and eyes opened while standing on foam of density
44.85kg/m3 (EO FOAM) [23]. A hand-held digital inclinometer at the level of the T4 spinous
process was used to record trunk flexion angles. With arms folded across the chest, participants
flexed the trunk in the sagittal plane, stopping for a count of 3 seconds on the examiner’s
command at a point that corresponded to approximately 30° of forward bending (position 1).
They then returned to the neutral upright position and attempted to duplicate the previously
attained trunk flexion angle. Participants indicated when they perceived that they had reached
the previously attained angle, and held their position for a count of 3 seconds (position 2). The
absolute difference in degrees between positions 1 and 2 was defined as the trunk repositioning
error, and represented a measure of trunk position sense. Five trials were performed for each
of the three visual-surface conditions, generating five scores for each condition. For each
condition the highest and lowest scores were discarded, and the final TRE used in the analysis
of each visual-surface condition was mean of the remaining three scores.

Clinical Balance and Mobility Tests

Unipedal stance time—Unipedal stance time (UST) is a commonly-used measure of
balance capabilities, and a significant predictor of falls [34], injurious falls [35] and peripheral
neuropathy [36]. With the arms folded across the chest, participants stood on their dominant
leg and lifted the foot of the other leg approximately 2 inches from the medial malleolus of the
stance leg. A practice trial preceded two experimental trials, and UST was recorded as the
better of the two trials up to a maximum of 30 seconds.

Maximum step length—Maximum step length (MSL) is a test of stepping that correlates
with balance and mobility measures, as well as falls in balance-impaired older adults [37,38].
With arms folded across the chest, participants attempted to step forward maximally with their
dominant leg and return successfully to the original position. A practice trial preceded five
experimental trials, the mean of which was recorded as MSL.

Timed up and go—Timed up and go (TUG) is a valid test of mobility and dynamic balance
[39] and a predictor of falls [40]. Participants were required to rise from a chair, walk 3 meters
at their usual comfortable safe pace, turn around and return to the seated position. Participants
performed a practice trial and TUG was scored as the mean time of three subsequent trials.

Data analysis

Differences between the IGT-PN and CON groups in anthropometric variables (height, weight,
BMI), clinical balance and mobility measures (UST, MSL, and TUG), and TRES were
evaluated using independent samples t-tests. As UST was not normally distributed, it was
further analyzed categorically using Fisher’s Exact Test, based on a cut-point of 10 seconds
[41]. To evaluate TRE differences between the two groups, while simultaneously accounting
for the possible effect of truncal obesity on TREs, BMI was included as a covariate in repeated
measures and univariate ANCOVA models. In the repeated measures analysis of covariance
(RM-ANCOVA) analysis, TREs measured under the three visual-surface conditions
constituted the repeated measures. In order to determine which TREs were different between
the groups, separate univariate ANCOVAs for TREs measured under each of the three visual-
surface conditions were conducted. The relationships between BMI and TREs, and clinical

J Neurol Sci. Author manuscript; available in PMC 2009 July 15.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Goldberg et al.

3. Results

Page 5

balance/mobility tests and TREs were evaluated for each of the groups separately, as well as
for the entire sample using Pearson’s Correlation Coefficient. Due to the skewed nature of UST
in this sample, Spearman’s rho statistic was used to evaluate the relationship between UST and
TREs. For the IGT-PN group, relationships between measures of neuropathy and clinical
balance/mobility tests, as well as TREs were evaluated using Pearson’s Correlation Coefficient.
Intertrial reliability for TREs measured under each of the three visual-surface conditions was
assessed using Cronbach’s alpha.

Participant characteristics

Anthropometric characteristics of the age- and gender-matched 16 participants are included in
Table 1. Height, weight and BMI tended to be higher in the IGT-PN group than in control
participants, although the differences were not significant (p=0.14-0.66).

Clinical Balance/Mobility Tests and Neuropathy Measures

Clinical balance and mobility tended to be better in CON than in the IGT-PN group (Table 2).
For mean UST, CON (28.3 seconds) stood approximately twice as long compared to IGT-PN
(15.2 seconds) group (p=0.02). Categorical analysis of UST revealed that for the CON group,
100% of participants exceeded the cut-point of 10 seconds [41], yet in the IGT-PN group only
3/8 (39%) were able to stand unipedally for greater than 10 seconds (p=0.026, two-tailed
Fisher’s Exact Test). For IGT-PN compared to CON, mean TUG was one second slower while
the mean MSL expressed as a percent of body height was reduced by 11%, with neither
difference reaching statistical significance (p=0.17-0.35).

Measures of neuropathy are presented for the IGT-PN group (Table 2). IENFD, a measurement
of “small fiber” peripheral nerve pathology at the distal leg (mean 0.86 fibers/mm, range from
0 through 1.66 fibers/mm) was severely reduced in all participants in the study and a clinical
measure of neuropathy, the MDNS, was also abnormal in 90% of participants (mean 13.1,
range from 0 through 22). The MDNS was most abnormal for pain and monofilament touch
perception. In contrast, the sural nerve amplitude, a measure of large sensory myelinated fiber
function was normal in half the participants (mean 4.14 microvolts, range from 0 through 19.6
microvolts). QST was also abnormal in the distal lower extremity. In two participants the VDT
and CDT were >99% (completely insensitive). In the remainder of the participants the mean
CDT (mainly small fiber function) was 96.2 + 0.6% and the mean VDT (mainly large fiber
function) was 92.2 + 4.3%. Overall, this indicates that the IGT-PN cohort have a predominantly
distal sensory small fiber neuropathy with some participants exhibiting large fiber abnormality
as well.

Performance on clinical balance tests was associated with electrophysiological and clinical
measures of neuropathy in IGT-PN participants. MSL correlated significantly with sural nerve
amplitude (r=0.79, p=0.02) and showed a trend toward significant correlation with the MDNS
(r=—0.69, p=0.06). TUG correlated significantly with MDNS (r= 0.71, p=0.05). These
correlations suggest a relationship between measures of neuropathy and performance on
clinical balance and mobility tests in the IGT-PN group.

Trunk Repositioning Errors

Independent samples t-tests demonstrated that TRES were significantly greater in the IGT-PN
than in the CON group for each of the three visual-surface conditions (p<0.05) (Table 3). In
the RM-ANCOVA model, there was a significant difference in TREs between IGT-PN and
control participants, even when covarying BMI (p=0.004). Univariate ANCOVAS
demonstrated that TREs were significantly greater in the IGT-PN than in the CON group, even
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when controlling for BMI, for EO FLOOR (p=0.02), EC FLOOR (p=0.03) and especially for
EO FOAM (p=0.002) (Table 3). Difference in TREs between the groups was 1.6-fold for EO
FLOOR,; 1.7-fold for EC FLOOR, and 2.2-fold for EO FOAM. In contrast to the significant
main effect for groups, there were no significant main effect for the covariate BMI in either
the repeated-measures or univariate ANCOVASs (p>0.05). Pearson’s Correlations confirmed
that there was no significant association between BMI and TREs within either group, or for
the groups combined (p>0.05).

For the entire sample, TREs assessed as EO FOAM correlated strongly with UST (Pearson’s
r=—0.50; p<0.05; Spearman’s rho= —.41; p>0.05). For the entire sample, EO FLOOR
(Pearson’s r=—0.27; p>0.05; Spearman’s rho= —0.21; p>0.05) and EC FLOOR (Pearson’s r=
—0.23; p>0.05; Spearman’s rho= —0.21; p>0.05) did not correlate significantly with UST. For
the IGT-PN and CON groups considered separately, TRES measured under each of the three
visual-surface conditions did not correlate significantly with UST.

There was an association between TRES and electrophysiological measures. For the IGT-PN
group, Pearson’s correlation coefficient between TREs and IENFD at the proximal thigh
ranged from —.36 (EO FOAM) to —.51 (EO FLOOR). These values did not reach significance
most likely due to the small sample size of IGT-PN subjects.

Intertrial test-retest reliability of TRE measures was excellent for the sample as a whole.
Cronbach’s alpha for EO FLOOR, EC FLOOR, and EO FOAM was 0.71, 0.81, and 0.90
respectively. In the IGT-PN group, Cronbach’s alpha for EO FLOOR, EC FLOOR, and EO
FOAM was 0.69, 0.72, and 0.95 respectively. In the CON group, Cronbach’s alpha for EO
FLOOR, EC FLOOR, and EO FOAM was 0.30, 0.71, and 0.25 respectively.

4. Discussion

To our knowledge, this is the first report demonstrating balance deficits in patients with
Impaired Glucose Tolerance (IGT) and peripheral neuropathy (PN), specifically in unipedal
stance time (UST) and trunk repositioning errors (TRES). It is also the first report of an
association between commonly-used clinical balance and mobility tests such as MSL and TUG,
and electrophysiological and clinical measures of neuropathy in IGT-PN participants. As the
IGT-PN participants in the study demonstrated distal foot somatosensory deficits on
electrophysiological and clinical testing, these results suggest a role for foot somatosensation
in single limb stance and trunk positioning ability. The importance of these deficits in IGT-PN
participants is highlighted by the recent finding that IGT-PN patients’” improved metabolic
control following dietary and exercise counseling is associated with early regeneration of
peripheral epidermal nerve fibers [21]. This raises the question of whether regeneration of
peripheral nerve fibers can also translate to improvement in IGT-induced deficits in balance
control. The possibility that early reversal or slowing of PN progression and subsequent balance
deficits may be accomplished by interventions including diet and exercise is particularly
intriguing.

For the entire sample, we noted a strong and significant relationship between UST and trunk
repositioning accuracy assessed as EO FOAM. This relationship between EO FOAM and UST
was not observed when considering the two groups individually. Whether this may be due to
the relatively small sample sizes of the two group (n=8 each) is unclear. TRE reliability was
excellent, with Cronbach’s alpha ranging from 0.71-0.90 for the three visual-surface
conditions.

Although BMI of the IGT-PN group exceeded that of CON, the differences were not
significantly different. Therefore group differences in TREs are unlikely to be due to inter-
group BMI differences. We found no significant correlations between BMI and TREs within
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each of the groups considered separately, as well as for the groups combined. Furthermore,
after controlling for inter-group variation in BMI, there were still significant differences in
TRESs between the groups. These data suggest a limited role for BMI in influencing TREs, and
that the ability to accurately reposition the trunk may be dependent on factors other than BMI.

Previous studies have demonstrated T2DM PN-induced reductions in UST [36] as well as
deficits in postural control as indicated by fluctuations in center of pressure and center of mass
[7,42]. By contrast, patients with peripheral neuropathy associated with Charcot-Marie-Tooth
disease type 1A (CMT1A), exhibit a different postural response compared to the diabetic
cohorts. In patients with CMT1A, body sway area under all postural and visual conditions
(eyes open or closed; feet together or apart) was within normal limits in the less severely
affected patients, and was increased only in the most severely affected patients [43]. This
observation is consistent with the notion that loss of the largest afferent fibers (group Ia) such
as occurs in CMT1A patients is by itself not detrimental to postural control during quiet stance,
and that increased unsteadiness in those with severe neuropathy may be due to both large and
small fibers being affected [43]. These studies suggest heterogeneity of responses due to the
effects of peripheral neuropathy, and the pattern of increased body sway exhibited by diabetic
neuropathy patients may be due to loss or impairment of afferent myelinated fibers of smaller
diameter than the large la fibers [42], or because, unlike CMT1A where predominantly large
myelinated fibers are affected, the population of peripheral nerve fibers affected is very
heterogenous in diabetes mellitus. As IGT-related neuropathy is characterized by involvement
of a heterogenous fiber population in which small nerve fiber injury predominates [12,21], our
data showing IGT-PN induced deficits in UST and TREs are consistent with the idea that small
fiber injury is associated with deficits in upright equilibrium.

Although our data presented here suggest that the small-fiber injury that occurs during glucose
dysmetabolism is associated with deficits in standing balance, the full functional and clinical
implications of TRE deficits in IGT-PN or even T2DM-PN patients remains to be determined.
Trunk position sense studies to date have largely addressed trunk repositioning accuracy in
patients with low back pain [44]. We have recently shown the validity of TRES as a measure
of underlying balance impairment in adults 65 years or older; in those individuals, trunk
repositioning errors are increased in balance-impaired individuals, and correlate with
commonly-used clinical balance measures [23]. This finding is notable given the importance
of trunk flexion control in recovering from a stumble in order to avoid a fall [45]. Future
prospective studies should address the functional implications of deficits in trunk position sense
in patients with IGT-PN, such as the relationship between TREs and falls in those with IGT-
PN.

There are limitations associated with this study. First, the controls did not undergo
electrophysiological testing to rule out underlying subtle changes in neurological status,
although these changes are unlikely given their normal clinical evaluation and functional
performance. Second, the small sample size in the IGT-PN group precluded a more in-depth
analysis of relationships between neuropathy and clinical balance measures. The findings from
this study are not generalizable, and future studies addressing these limitations may be needed
to confirm the present results.

IGT-related neuropathy represents the earliest stage of diabetic neuropathy [12,16-21]. The
relationship observed here between measures of neuropathy and performance on clinical
balance and mobility tests in participants with IGT-PN, together with our finding of postural
control and balance deficits in IGT-PN participants versus CON, suggests that people with
IGT-PN should be screened early in the dysglycemic process for balance and mobility-related
problems. Future studies must be undertaken to validate TREs as a measure of balance
impairment and falls risk in this patient population. Should TREs be shown to be associated
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with increased falls risk in people with IGT-related neuropathy, appropriate rehabilitation
interventions should be instituted in a timely fashion. Future studies should determine whether
cutaneous nerve fiber preservation and reinnervation leads to improvements in trunk position
sense in people with IGT-related neuropathy. If this turns out to be the case, TRES may be a
useful endpoint measure in future neuropathy intervention studies, and TREs may also be a
useful and valid measure of underlying clinical progression.

5. Conclusions

These data demonstrate balance deficits in participants with IGT-PN, specifically in unipedal
stance time and trunk repositioning errors. As IGT-related neuropathy represents the earliest
stage of diabetic neuropathy, people with IGT-PN should be screened early in the dysglycemic
process for balance and mobility-related problems.
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Characteristics of Impaired Glucose Tolerant-Peripheral Neuropathy (IGT-PN)

and Non-Diabetic Control (CON) groups

IGT-PN (n=8) CON (n=8) p value
Characteristic
Age (years) 60.1 + 2.4 (54.5-65.8) 60.0 + 2.6 (53.9-66.1) -
Age range (years) 50-72 51-73
Height (meters) 1.71 £0.03 (1.64-1.78) 1.69 +0.03 (1.62-1.77) 66
Weight (kilograms) 93.71 + 7.11 (76.89-110.53) 80.47 + 4.83 (69.04-91.90) 15
BMI (kg/m?) 31.65 + 1.50 (28.10-35.19) 28.10 + 1.70 (24.07-32.12) 14
Sex (male : female) 4:4 4:4 -

Notes: Age, height, weight, and body mass index (BMI) values are mean * standard errors of the mean. Figures in parentheses are the 95% confidence
intervals for the mean. In each case the p values are from independent samples t-tests.
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Table 2
Clinical Balance/Mobility and Neuropathy Measures for Impaired Glucose
Tolerant-Peripheral Neuropathy (IGT-PN) and Non-Diabetic Control (CON)

Page 12

IGT-PN (n=8) CON (n=8) p value
Balance/mobility
UST (s) 15.2 £ 4.4 (4.9-25.5) 28.3+1.7(24.4-32.3) 0.02
TUG (s) 10.0 £ 0.7 (8.3-11.6) 9.2+0.2 (8.7-9.8) 0.35
MSL (adjusted) 49.7 + 3.0 (42.5-56.8) 55.7 +£2.9 (48.9-62.5) 0.17

Neuropathy
IENFD distal leg (fibers/mm)

IENFD proximal thigh (fibers/
mm)

Sural nerve amplitude
(microvolts)

MDNS

0.86 % 0.24 (0.27-1.4)
5.37 +0.42 (4.3-6.4)

414 %24 (1.4-9.7)

13.13 2.5 (7.2-19.0)

NT
NT

NT

NT

Notes: Values are mean + standard errors of the mean. Figures in parentheses are the 95% confidence intervals for the mean. UST = unipedal stance time
in seconds; TUG = timed up and go in seconds; MSL (adjusted) = maximum step length expressed as a percent of body height; IENFD = intraepidermal
nerve fiber density; MDNS = Michigan Diabetic Neuropathy Score; NT=not tested. In each case the p values are from independent samples t-tests.
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Table 3
Trunk position sense measured as trunk repositioning errors (TREs) for Impaired Glucose Tolerant-Peripheral
Neuropathy (IGT-PN) and Non-Diabetic Control (CON) groups

IGT-PN (n=8) CON (n=8) p value
TREs (degrees)
EO FLOOR 5.4 +0.6(3.9-6.9) 34+04(24-43) 0.018
EO FLOOR (adj.) 5.5+0.6(4.3-6.7) 3.3+0.6(2.0-4.5) 0.020
EC FLOOR 6.6 +0.7 (5.0-8.2) 3.8+0.7 (2.2-5.5) 0.013
EC FLOOR (adj.) 6.5+0.7 (4.9-8.1) 3.9+0.7(2.3-5.5) 0.030
EO FOAM 6.9+0.9(4.8-8.9) 31+05(21-4.2) 0.002
EO FOAM (adj.) 7.1+0.7 (5.5-8.6) 2.9+0.7 (1.4-45) 0.002

Notes: Values are mean + standard errors of the mean. Figures in parentheses are the 95% confidence intervals for the mean. EO FLOOR = trunk
repositioning errors measured with eyes opened standing on floor; EC FLOOR = trunk repositioning errors measured with eyes closed standing on floor;
EO FOAM = trunk repositioning errors measured with eyes opened standing on foam. (adj.) = trunk repositioning errors measured with body mass index
as a covariate. p values are from independent samples t-tests for EO FLOOR, EC FLOOR, and EO FOAM, or from univariate analysis of variance models
with body mass index as a covariate for EO FLOOR (adj.), EC FLOOR (adj.), and EO FOAM (adj.).
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