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Abstract

Objective—Experimental studies have reported potential benefit of glucagon-like
peptide-1(GLP-1) receptor agonists in preventing diabetic peripheral neuropathy (DPN). We
therefore performed a proof-of-concept pilot study to evaluate the effect of exenatide, a GLP-1
agonist, on measures of DPN and cardiovascular autonomic neuropathy (CAN) in patients with
type 2 diabetes (T2D).

Research Design and Methods—*Forty-six T2D subjects (age 54+10 years, diabetes duration
8 £ 5 years,HbA1c 8.2 £1.3%) with mild to moderate DPN at baseline were randomized to receive
either twice daily exenatide (n=22) or daily insulin glargine (n= 24). The subjects, with similar
HbALc levels, were followed for 18 months. The primary end point was the prevalence of
confirmed clinical neuropathy (CCN). Changes in measures of CAN, other measures of small fiber
neuropathy such as intra-epidermal nerve fiber density (IENFD), and quality of life were also
analyzed.

Corresponding author: Rodica Pop-Busui, MD, PhD, University of Michigan, Division of Metabolism, Endocrinology and Diabetes,
5329 Brehm Tower, 1000 Wall Street, Ann Arbor, M1 48105, Tel: (734) 647-9809, Fax: (734) 936-6684, rpbusui@med.umich.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

ClinicalTrials.gov Identifier: NCT00855439

Author Contributions: Dr. Pop-Busui had full access to all of the data in the study and takes responsibility for the integrity of the
data and accuracy of the data analysis.

Study concept and design: Pop-Busui, Feldman, Albers, Brown

Acquisition, analysis and interpretation of data: Martin, Pop-Busui, Albers, Feldman, Brown, Jaiswal, Callaghan

Drafting of the manuscript: Jaiswal, Martin, Pop-Busui

Critical revision of the manuscript for important intellectual content: Pop-Busui, Albers, Feldman, Martin, Callaghan, Brown.
Statistical analysis: Brown, Jaiswal.


http://ClinicalTrials.gov

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jaiswal et al.

Page 2

Results—Glucose control was similar in both groups during the study. There were no
statistically significant treatment group differences in the prevalence of CCN, IENFD, measures of
CAN, nerve conductions studies, or quality of life indices.

Conclusions—In this pilot study of patients with T2D and mild to moderate DPN, 18 months of
exenatide treatment had no significant effect on measures of neuropathy compared with glargine

treatment.

J

Diabetic peripheral neuropathy (DPN) affects nearly two-thirds of patients with diabetes and
is a major cause of poor quality of life (1) Despite the proven efficacy of intensive glucose
control in delaying or preventing DPN and cardiovascular autonomic neuropathy (CAN) in
patients with type 1 diabetes (T1D)(2-4), equal efficacy has not been shown in type 2
diabetes (T2D) (5; 6). Furthermore, patients may develop DPN and CAN despite good
glucose control (5).

Among the therapeutic options available for glycemic control in subjects with T2D,
glucagon-like peptide 1 (GLP-1) receptor agonists are known to stimulate insulin secretion
in response to hyperglycemia, delay gastric emptying, and suppress hepatic glucose release,
thus providing significant blood glucose-lowering effects with little increased risk for
hypoglycemia or weight gain (7; 8). Exenatide, a synthetic form of exendin-4 and the first
GLP-1 receptor agonist approved in the US, is an effective glucose-lowering agent in
patients with T2D (9).

Experimental evidence indicates that exenatide may also have direct neuroprotective and
neurotrophic effects which are independent of its glycemic effects (10-14). For instance,
GLP-1 receptors are present on dorsal root ganglia (DRG) sensory neurons of diabetic and
nondiabetic mice, sciatic nerve axons and Schwann cells, and exendin-4 increases neurite
outgrowth of adult sensory neurons in vitro (10). In T1D mice with established neuropathy
treated with either exendin-4 or high-dose insulin for 4 weeks, exendin-4 improved both
sensory electrophysiology and measures of current perception threshold with no effect on
hyperglycemia, while high-dose insulin reversed hyperglycemia but only partly improved
thermal sensation and epidermal innervation and had no effect on electrophysiological
abnormalities (10). However, short-term exendin-4 treatment was less effective in T2D mice
with neuropathy (10). In another study, 4-week exendin-4 treatment in mice with
streptozotocin-induced T1D promoted significant neurite outgrowth of DRG neurons and
ameliorated the loss of intraepidermal nerve fibers (IENF) (11). It was suggested that these
effects were independent of glycemia and possibly mediated via GLP-1 receptor activation
and through anti-apoptosis and cAMP signaling pathways (10, 11), or via stimulating
neuronal differentiation in human cells (12). GLP-1 has been also shown to modulate
autonomic activity and induce changes in haemodynamic variables. For instance, Griffioen
et al. showed that both acute and chronic central administration of exendin-4 increased the
resting heart rate and reduced measures of heart rate variability (HRV) in mice, either by
altering the inhibition of neurotransmission to cardiac vagal neurons (13) or up regulation of
sympathetic outflow and downstream activation of cardiovascular responses (14).

Based on the above experimental evidence, we hypothesized that GLP-1 receptor agonists
may have potential beneficial effects on measures of DPN and CAN in humans, something
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that has not been systematically evaluated. We therefore conducted a pilot, proof-of-
concept, randomized, open-label clinical trial to evaluate the effects of exenatide on
measures of DPN and CAN in subjects with T2D.

Research Design and Methods

Study Design

This single center, proof-of-concept-pilot, open-label randomized, controlled trial
(NCT00855439) was conducted at the University of Michigan between July 2008 and June
2014. The study was reviewed and approved by the University of Michigan Institutional
Review Board. All subjects signed a written consent document.

Study participants

Subjects were eligible to enroll if they were between 18 and 70 years old, had T2D with a
hemoglobin Alc (HbAlc) > 7% and fasting blood glucose > 140 mg/dl, had followed a prior
stable glucose lowering regimen that did not include insulin or a GLP-1 receptor agonist,
had no known contraindications to treatment with either exenatide or insulin glargine based
on FDA prescribing guidelines, and presented with mild-to-moderate DPN as defined by a
score of 6 or more on the Michigan Diabetes Neuropathy Scale (MDNS), a validated scale
for evaluation of diabetic neuropathy (15) described below in Methods.

Excluded were subjects with a history of kidney, pancreas, or cardiac transplantation,
neuropathy independent of diabetes, or any condition other than diabetes associated with
neuropathy (e.g. hepatitis C, end stage renal disease, lupus), any lower extremity amputation
or severe deformity of lower extremity, HbAlc > 10%, participation in an experimental
medication trial within 3 months of starting this study, undergoing therapy for malignant
disease other than basal- or squamous cell carcinoma, requiring long-term glucocorticoid
therapy, inability or unwillingness to comply with the protocol, and nursing mothers or
pregnant women.

Intervention

Subjects were randomly assigned in a 1:1 ratio to either exenatide (n = 22) or insulin
glargine (n = 24) targeting similar levels of glucose control as documented by hemoglobin
Alc (HbAlc). Exenatide was initiated at a fixed dose of 5 pg twice daily for 4 weeks and
then increased to 10 pg twice daily for the remainder of the study if tolerated. Subjects who
did not tolerate the 10 ug dose resumed the reduced 5 g dose for the duration of the study.
Insulin glargine was initiated with 10 units daily and titrated in 2-unit increments to achieve
a fasting blood glucose target level of 5.6 mmol/L (100 mg/dL) without recurrent or severe
hypoglycemia. The dose of any prior oral agents remained fixed, unless clinical judgment
dictated they should be altered to optimize blood glucose control.

Assessment of Neuropathy

DPN was assessed at baseline and at 12- and 18-month follow-up visits with assessment of
symptoms and signs of DPN by a board certified neurologist as described (16), nerve
conduction studies of the median (sensory and motor), peroneal motor and sural sensory
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nerves using a standard protocol, which included replication of baseline limb temperatures at
12 and 18 month assessments (16), and quantitative sensory testing for vibration perception
(VPT) using the Vibratron Il device (Physitemp Instruments, Inc.) as described (17).

The rate of IENF reinnervation after capsaicin denervation was used as an exploratory
measure of small fiber neuropathy and obtained as described (18). Briefly, a baseline skin
biopsy was obtained from the distal thigh in a subset of consenting T2D subjects (exenatide
=9, glargine = 11). Capsaicin was applied as a 1% topical cream and the site was covered
with an occlusive dressing for 48 hours. Additional skin biopsies were obtained at 48 hours
(to confirm denervation) and at 6 and 12 months of treatment (3 months and 9 months post-
capsaicin respectively). All skin biopsies were obtained in a standardized fashion by a single
examiner, and all IENFD evaluations were analyzed in a blinded manner by Therapath, Inc
(New York, NY). In addition, the MDNS was performed at screening to confirmed
eligibility as described (15). Briefly the MDNS is a 46-point exam that includes testing for
vibration, 10-gram monofilament pressure, pin sensation at the great toe, deep tendon
reflexes at knee and ankle, and strength. For all evaluations, 1 point was given for reduction
on either side, or 2 points when the response was absent, except for pin sensation where 2
points per side were assigned if sharp sensation was absent.

CAN was evaluated at baseline, 12 months, and 18 months with the gold-standard
cardiovascular reflex tests (CARTS) (the deep breathing test and the Valsalva maneuver)
(19) and measures of HRV obtained during a 5-minute rest and during CARTS using the
ANX 3.1 (ANSAR Inc., Philadelphia, PA). Subjects were required to fast for 8 hours and to
abstain from tobacco, caffeine, and alcohol prior to testing. Blood glucose was obtained
prior to testing and testing was rescheduled in the presence of hypoglycemia. Testing was
performed with the subjects in a supine position, with the head of the bed elevated no more
than 30 degrees. Subjects with demonstrable atrial fibrillation (n = 3 glargine) and subjects
with a pacemaker (n= 1 glargine) were excluded from the CART analysis.

Neuropathy Specific Quality of Life was evaluated with the Neuropathy Specific Quality of
Life Measure (NeuroQOL)(20) at baseline, and at 12 and 18 months of follow up. This self-
administered, 39-item validated survey that includes: the overall impact of foot problems on
quality of life, overall quality of life and 6 other primary domains: 1) painful symptoms and
paresthesias; 2) reduced/lost feeling in the feet; 3) diffuse sensory motor symptoms; 4)
limitations in daily activities; 5) interpersonal problems; and 6) emotional burden. For the
foot problem-specific item, lower scores indicate less negative impact of foot problems on
quality of life, and for overall quality of life higher scores indicate worse quality of life.
Within each domain, lower scores indicate worse symptoms or greater adverse effect on
quality of life (20).

Outcome Measures

The primary outcome of the study was the prevalence of confirmed clinical neuropathy
(CCN) over 18 months. CCN was defined by a composite score comprised of at least two
positive responses among symptoms, sensory signs, or absent or hypoactive reflexes
consistent with a distal symmetrical polyneuropathy (16), and at least one abnormal nerve
conduction study result in two anatomically distinct nerves, e.g. the sural sensory and
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peroneal motor nerves (defined as a amplitude < 5 uV and a conduction velocity < 40 m/sec
for the sural nerve and an amplitude < 2.5 uV and a conduction velocity < 40 m/sec for the
peroneal nerve).

Secondary outcomes included: a) individual electrophysiology measures assessed as
continuous variables: b) VPT; ¢) changes in clinical neuropathy (defined as two or more
positive findings among symptoms, signs, and reduced or absent deep tendon reflexes); d)
changes in IENFD after capsaicin denervation; e) changes in the following measures of
CAN: expiration:inspiration (E:1) ratio, Valsalva ratio, resting heart rate, standard deviation
of normal RR interval (SDNN), very low frequency power (VLF), low frequency power
(LF), and high frequency power (HF) and changes in quality of life measures.

Seventy people meeting the study inclusion and exclusion criteria by preliminary screening
were evaluated for inclusion in the study and 46 subjects were randomized into the trial
(Figure 1). As a result, there was 90% power to identify a change of one standard deviation
(SD) between treatment groups or 80% power to identify a change of 0.87 SDs in the
continuous measures using a 2-tailed t-test with a 5% level of significance. With the sample
sizes in this study, there was 80% power to identify a difference in the rates of CCN at the
end of the study of 40%, i.e., 30% vs. 70%, using a 2-tailed test with a 5% level of
significance.

Statistical analyses

Results

Statistical analyses were done using SAS version 9.2 (SAS Inc, Cary, NC). Differences in
continuous and categorical variables between the exenatide and glargine groups at baseline
and change from baseline to 18 months were examined by the two sample t-test (for
normally distributed variables) or Wilcoxon rank sum test(for non-normally distributed
variables) and chi-square test, respectively. Results were expressed as mean + standard
deviation (SD)

At baseline, there were no differences in the mean age of the subjects (51+13 years for
exenatide, and 54 + 9 years for glargine), gender, race, diabetes duration, body mass index
(BMI), and glycemic control (p=NS for all) (Table 1). Consistent with the inclusion criteria,
all subjects presented with mild-to-moderate neuropathy, as illustrated by similar MDNS
scores in both groups at baseline (22 £11 and 24 + 11, p=NS in the exenatide and glargine
groups respectively) (Table 1).

The prevalence of CCN was also similar (67% among subjects randomized to exenatide and
75% among subjects randomized to glargine). DPN symptoms were present in 21 (96%)
subjects in the exenatide group and 22 (92%) subjects in the glargine group (Table 1). The
exenatide and glargine groups also did not differ in any of the electrophysiological measures
median (motor and sensory), sural, and peroneal nerves, or in measures of CAN (Table 2).
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Effects of treatment

All 24 subjects randomized to the glargine group and 19 of 22 subjects randomized to the
exenatide group completed the 18-month follow-up visit (Figure 1). Mean HbAlc improved
in both groups at 12 and 18 months of follow-up relative to baseline, and there were no
statistically significant differences in HbAlc between the exenatide- and glargine-treated
groups at any time (P=0.3)(Figure 2). At 18 months the mean dose in the exenatide group
was 16+7 pg /day and 38+28 units/day in the glargine group. Participants in the exenatide
group experienced on average 3 kg of weight loss after first 12 months of trial, compared
with an average of 2 kg weight gain in the glargine group (P=0.01). However these
differences were attenuated at 18 months, to a 2 kg weight loss in the exenatide group and a
1 kg weight gain in the glargine group (P=0.07).

There were no significant differences between exenatide and glargine groups in the primary
endpoint at 12 or 18 months. In addition, no differences were observed between groups at 12
and 18 months in any of the electrophysiological measures (amplitude, conduction velocity,
or F response latency) of median (motor and sensory), sural, and peroneal nerves (Table 2).

There were no significant differences in the overall IENFD at 3 and 12 months after
capsaicin denervation between the exenatide and glargine groups, but there was significant
regeneration in the glargine group at 12 months (improvement of 4.6+2.9 fibers/mm,
P=0.002), which was less in the exenatide group (improvement of 2.1+3.5 fibers/mm at 12
months, P=0.06). This group difference accounted for a marginally higher regeneration rate
with glargine (Figure 3). There were no differences in baseline characteristics among the
participants who agreed to this evaluation and the entire cohort.

Similar to the observations on DPN measures, there was no significant effect of exenatide on
any measures of CAN at 12 or 18 months of follow-up compared with glargine (Table 2). In
addition, there was a non-significant group difference in resting heart rate, tending to be
lower in subjects assigned to exenatide compared with glargine (70 vs. 74 bpm respectively,
P=0.21).

No group differences were observed over 18 months in either the NeuroQOL scores or
overall global quality of life scores. Similar scores between groups were also observed when
assessing the differences in the 6 specific domains (painful symptoms and paresthesias,
symptoms of reduced/lost feeling in the feet, diffuse sensory motor symptoms, limitations in
daily activities, interpersonal problems and emotional burden) (Appendix Table 2).

Adverse events

During the course of the study, 82 adverse events (AEs) were reported; 26 events by 12
exenatide group subjects (1 to 4 events per subject) and 56 events by 20 glargine group
subjects (1 to 6 events per subject). Among the events reported by exenatide-treated
subjects, 9 events (6 subjects) met serious adverse event criteria, with one of these
categorized as possibly related to treatment (hospitalization for severe diverticulitis
occurring within three months of starting exenatide) and another considered unlikely related
(lipaemia after 12 months of treatment with exenatide, leading to an evaluation that revealed
a neuroendocrine tumor of the pancreas, which was surgically removed and determined to
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be benign). The remaining serious AEs were categorized as unrelated to study treatment or
study participation. A summary of all AEs is shown in Table 3.

Discussion

In this proof of concept, pilot study, treatment with the GLP-1 receptor agonist exenatide did
not reduce the prevalence of confirmed DPN over a period of 18 months of treatment, and
did not affect electrophysiology or measures of small fiber neuropathy, such as CAN and
IENFD, compared to insulin glargine. In addition, exenatide had no effect on symptoms or
signs of DPN, or on measure of quality of life. We did not find treatment-group differences
with regard to progression (or remission) of neuropathy, as determined by standardized
neurologic-focused history and physical examination, nerve conduction measures, CAN
measures, or NeuroQOL, in 46 subjects with T2D randomly assigned to 18 months of
treatment with exenatide or insulin glargine. An exploratory objective examining change in
IENFD in skin before and after capsaicin denervation in a subset of participants also did not
reveal treatment group differences, although subjects assigned to glargine experienced more
regeneration after capsaicin compared with subjects assigned to exenatide. We believe this is
the first study to evaluate the efficacy of exenatide, a GLP-1 receptor agonist, on measures
of both small and large fiber neuropathy in subjects with T2D, using very comprehensive
assessments.

Emerging experimental evidence discussed above and a small human study suggested
potential beneficial effect of GLP-1 receptor agonists or dipeptidyl peptidase-4 (DPP-4)
inhibitors on measures of DPN via non-glycemic effects (10-14; 21-23). However, our trial,
using multiple, sensitive and specific measures for both DPN and CAN, performed under
standardized conditions, failed to show any potential beneficial effect of a GLP-1 receptor
agonist on DPN, CAN or neuropathy-specific quality of life. Although the high prevalence
of CCN at baseline may have biased the effects of the intervention, the parametric
electrophysiology measures that were used appear very robust, showed expected
deterioration in both treatment groups over the short study interval (an expected
consequence of diabetes over time), providing strong evidence that the study intervention
was not efficacious relative to the referent treatment. Although there was a trend for a
potential benefit of glargine over exenatide on the exploratory but objective small fiber
measure (IENF regeneration after capsaicin), this evaluation was available only in a small
subgroup of participants.

In addition, no effects were observed on any of the measures of CAN evaluated. In this
study exenatide treatment was not associated with an increase in heart rate from baseline,
and heart rate tended to be lower in subjects assigned to exenatide compared with glargine,
although this did not reach statistical significance (Table 2). The effects on heart rate
observed in this study contrast, however, with those observed in the majority of human of
trials that evaluated the glucose lowering effects of GLP-1 receptor analogs involving
diabetic and/or obese subjects which all reported persistent increase in heart rate, usually
associated with significant decreases in systolic blood pressure, which seems to occur before
weight loss (24-26). Lastly, we did not find any significant differences in any of the
NeuroQOL scores in the glargine or exenatide groups. This is somewhat in contrast with
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other studies that reported some benefit with insulin glargine on more general quality of life
measures or treatment satisfaction (27-29) whereas the NeuroQOL specifically captures
neuropathy-related quality of life measures.

The treatment of diabetic neuropathy continues to be challenging, with important
consequences on patients ‘morbidity and quality of life. Intensive glycemic control is
essential but insufficient to completely prevent onset or progression of diabetic neuropathy
(5,30). Randomized clinical trials that have evaluated a variety of disease-modifying agents
for DPN or CAN have been disappointing so far (31,32). This is possibly due to the
complexity of the mechanisms involved in the development and progression of DPN and
CAN, inclusion of study subjects with too advanced disease, or lack of standardization in the
neuropathy measures used. Therefore, finding a successful therapy for this complication is
timely. Recent animal studies have shown beneficial effects on measures of neuropathy with
cell transplantation therapies, such as endothelial precursor cells, bone marrow-derived
mononuclear cells (BM-MNCs) and mesenchymal stem cells (33), yet these findings need to
be confirmed in humans.

Our study has several strengths. All neuropathy measures used in this investigation were
specifically chosen, as they have been well validated and considered to be highly sensitive
and specific for use in evaluations of DPN or CAN (3; 4; 15; 20), and included also
measures with direct impact on patients ‘quality of life. Furthermore, all evaluations were
performed uniformly by the same study staff at each outcome assessment and in a
standardized fashion, reducing the risk for variability in outcome measures. Finally, the
study cohort was specifically selected to ensure uniformity between treatment groups.

Weaknesses of our study are the small sample size, the relatively short duration of the
intervention when placed in perspective with the natural history of DPN and CAN (34), and
the high prevalence of CCN at baseline, in spite of the relatively short duration of diabetes.
However, higher than expected rates for diabetes complications, including neuropathy, were
reported by others even in newly diagnosed patients with T2D (35) or in patients with
impaired glucose tolerance (36) and metabolic syndrome (37). These complications are
likely associated with several years of exposure to hyperglycemia prior to a formal diagnosis
of diabetes, and the presence of multiple co-morbidities and risk factors including
hypertension, hyperlipidemia and obesity among most T2D patient (38). Given the high
prevalence of CCN at baseline, only treatments that promoted improvement, not prevention,
could be identified, which further highlights the relevance of the secondary measures that
were included in this study design (such as regeneration shown with skin biopsy). Despite
the relatively short duration of diabetes, both the groups had a similar prevalence and
severity of diabetic neuropathy at baseline which could potentially be due to structural
changes which might have developed in the pre-diabetic stage and explain the functional
changes observed.

In addition, due to the selected inclusion criterion for neuropathy, it is possible that the stage
of DPN present in the study participants was too advanced as not to be amenable to an 18-
month intervention. Participants were further required to meet all current prescribing
guidelines for both medications, and be willing to accept random assignment to treatment
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with either medication, restricting the number of suitable candidates for the study. Because
nerve fiber damage leads to loss of terminal nerve fibers and alters nerve conduction
velocity and amplitude before the symptoms of DPN appear, we were unable to see
significant changes in these parameters in our cohort. Lastly, treatment was not masked to
participants or investigators, introducing some risk for bias at all levels of the study,
although the investigators that participated in the main outcomes evaluations were masked
to study group. The similarities of HbA1c in both groups throughout the entire study
demonstrate that glucose control efforts were unbiased. This finding also further
demonstrates, that although exenatide has no added neuroprotective benefit, as it had been
hypothesized, it does offer a viable and highly effective therapeutic alternative to insulin in
patients with T2D.

In conclusion, in this pilot, proof-of-concept study, exenatide was not superior to insulin
glargine in preventing progression of DPN or CAN in patients with T2D at similar levels of
glucose control. This is possibly associated with the complexity of the mechanisms involved
in the pathogenesis of diabetic neuropathies which could require an integrated approach
targeting multiple mechanisms for successful outcomes over a relatively short duration of
follow-up. Nevertheless, this study provides some important lessons regarding selection of
subjects, study design, and difficulties in translating experimental observations to human
trials which may be applied to the design of future neuropathy trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study flow chart.
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Changes in the HbA1c levels from baseline to end of study in the exenatide (blue line) and
glargine (red line) groups
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Changes in intraepidermal nerve fiber density in the exenatide (blue line) and glargine (red
line) groups

J Diabetes Complications. Author manuscript; available in PMC 2016 November 01.




1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Jaiswal et al.

Table 1

Page 15

Baseline characteristics of type 2 diabetes subjects randomized to the Exenatide or Glargine treatment groups

Variable Exenatide (N=22) | Glargine (N=24) | P-value
Female, n (%) 9 (41%) 11 (46%) 0.73
Race
White, n (%) 19 (86%) 21 (87%) 0.56
Age, years 51+13 54+9 0.43
Diabetes Duration, years 8+5 7+4 0.98
Height, cm 172 +8 172+ 11 0.8
Weight, kg 107 + 13 110+ 21 0.6
BMI, kg/m? 35+3 37+6 0.2
Baseline HbA1c,% mmol/mol 8.2+1.1 84+14 0.56
66+ 2 68+ 2
Systolic Blood Pressure, mm Hg 124 £ 14 130+ 15 0.23
Diastolic Blood Pressure, mm Hg 73+9 74+ 9 0.59
MDNS score 11+5 11+5
Clinical Neuropa’thy)< 0.54
Definite 19(86%) 21(88%)
Possible 3(14%) 2(8%)
None 0(0%) 1(4%)
Abnormal Nerve Conduction Study measures 0.10
0 5(23%) 0(0%)
1 2(9%) 3(12%)
2 6(27%) 10(42%)
3 9(41%) 11(46%)
Confirmed clinical neuropathy¥ 0.4028
Yes 14(67%) 18(75%)
No 8(36%) 6(25%)
Symptoms of DPN, n (%) 21(96%) 22(92%) 0.60

Data are presented as mean + SD for continuous variables and n(%) for categorical variables.

BMI: body mass index, MDNS: Michigan Diabetic Neuropathy Scale; DPN: diabetic peripheral neuropathy, DTR : deep tendon reflex.

+ Number of abnormal nerves based on any electrodiagnositic abnormality of sural sensory, peroneal motor, median sensory or median motor

nerves.

X
Based on focused neurological examination. Definite defined as two or more positive findings among symptoms, signs, reduced or absent deep

tendon reflexes consistent with distal symmetrical peripheral neuropathy. Possible defined by one positive finding.

Confirmed clinical neuropathy defined by presence of definite clinical neuropathy plus at least one abnormal nerve attributes in two anatomically

distinct nerves (of sural, peroneal or median).
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Table 2
Nerve conduction and cardiovascular autonomic neuropathy measures at baseline, 12 and 18 months of
follow-up
Variable | Baseline | P | 12 months | P | 18 months | P | Difference: Baseline to 18 months | P
Median Motor Amplitude (mV)
Exenatide | 9.9+3.6 9.1+34 9.243.6 -0.2+1.8
0.09 0.29 0.12 0.49
Glargine | 8.3+2.9 7.9+3.1 7.7+25 -0.5+2.6
Median Motor CV (m/sec)
Exenatide | 49.8+4.6 48.7+4.8 49.445.2 -0.4+4.6
0.63 0.55 0.65 0.37
Glargine | 50.5+4.4 49.6+4.7 48.5+6.9 -1.9+5.7
Median Motor F Response Latency (msec)
Exenatide | 30.9+2.7 30.6+2.3 31.6+3.2 0.5+2.4
0.85 0.59 0.71 0.94
Glargine | 31.1+2.8 31.143.2 31.243.5 0.2+1.7
Median Sensory Amplitude (uV)
Exenatide | 15.5+12.7 15.0+£10.9 14.3+10.7 -1.6+5.8
0.51 0.44 0.59 0.71
Glargine | 13.3+8.8 12.6+8.0 12.6+9.1 -0.745.2
Median Sensory CV (m/sec)
Exenatide | 45.0+12.5 43.8+13.6 4494136 | 0.54 | -0.03+9.5
0.27 0.57 0.62
Glargine | 41.1+11.2 41.7410.2 42.5+11.1 1.3+5.8
Peroneal Motor Amplitude (mV)
Exenatide | 3.9+1.9 3.7+1.9 3.8+1.8 -0.3+1.6
0.30 0.82 0.59 0.29
Glargine | 3.3+2.3 3.9+2.7 3.5+24 0.2+1.5
Peroneal Motor CV (m/sec)
Exenatide | 40.4+4.6 39.645.5 39.9+6.0 -0.3+4.4
0.19 0.20 0.39 0.97
Glargine | 38.2+6.2 37.445.6 38.445.9 0.1+4.8
Peroneal Motor F Response Latency (msec)
Exenatide | 53.0+13.2 58.3+7.6 55.746.8 3.2+14.4
0.03 0.94 0.37 0.14
Glargine | 60.2+7.3 58.149.7 57.748.2 -2.5+8.9
Sural Sensory Amplitude (HV)
Exenatide | 7.0£7.0 6.2+7.5 5.8+6.4 -1.5+3.0
0.27 0.76 0.46 0.35
Glargine | 5.0+4.8 5.65.6 4.52+4.4 -0.5+2.6
Sural Sensory CV (m/sec)
Exenatide | 41.0+6.7 39.246.2 39.245.3 -1.4+5.6
0.98 0.30 0.84 0.39
Glargine | 40.9+7.1 41.749.2 38.85.6 -2.0+4.7
HR, beat/min
Exenatide | 70+12 69+10 709 1+12
0.21 0.11 0.07 0.80
Glargine | 74+8 7419 77+10 348
SDNN, msec
Exenatide | 43+25 43+32 40426 -1.1+28
0.59 0.12 0.80 0.68
Glargine | 50+48 30+13 38+24 -12.1+53
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Variable | Baseline | P | 12 months | P | 18 months | P | Difference: Baseline to 18 months | P
RMSSD, msec
Exenatide | 28+21 34+35 32+36 4.9+40.2

0.83 0.03 0.63 0.56
Glargine | 31+40 1546 27+21 -3.3+44.4
LF/HF ratio
Exenatide | 4.5+3.8 4.8+4.6 4.945.7 0.845.1

0.11 0.29 0.93 0.10
Glargine | 11.1+17.2 6.746.7 5.0+£3.6 —6.0+17.3
Valsalva ratio
Exenatide | 1.4+0.5 1.440.3 1.310.2 -0.4+11

0.98 0.91 0.13 0.63
Glargine | 1.3+0.3 1.4+0.3 14104 -0.19+0.9
E/I ratio
Exenatide | 1.2+0.3 1.1+0.1 1.1+0.1 -0.06+0.3

0.99 0.07 0.13 0.21
Glargine | 1.2+0.3 1.1+0.03 1.1+0.04 -0.09+0.27

Data are presented as mean +SD)

HR: heart rate, SDNN: standard deviation of normal RR interval, RMSSD: root mean square difference of successive RR interval, LF: low
frequency power, HF: high frequency power, E:| ratio: expiration inspiration ratio.
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Table 3

Adverse events reported by subjects during the study.

Event Exenatide (N=22) | Glargine (N = 24)
Accident/Trauma 1 5
Fracture left leg 0 1
Fracture, Right Foot 0 1
Jones fracture left foot 0 1
Laceration finger 0 1
MVA cervical fracture 1 0
Fracture wrist 0 1
Cardiovascular 2 7
CABG, 2 vessel 0 1
Atrial fibrillation 0 1
Bilateral ankle cellulitis 0 1
Chest pain 0 1
CHF exacerbation 1 1
NSTEMI 0 1
Pedal edema 1 0
Atrial fibrillation 0 1
Dental 2 0
Bleeding post dental work 1 0
Dental infection 1 0
Endocrine/Metabolic 5 1
Severe hypoglycemia 0 1
Neuroendocrine tumor 1 0
Serum creatinine increase 1 0
Hypothyroid 1 0
Thyroidectomy 1 0
Gastrointestinal 6 4
Cholelithiasis 1 0
Diarrhea 1 0
Diverticulitis 1 1
Epigastric pain nausea 0 1
Lipasemia 1 0
Incarcerated ventral hernia 0 1
Intractable N/V with fever 0 1
Nausea 2 0
Vomiting 1 0
Persistent nausea 1 0
Hematologic 0 1
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Event Exenatide (N=22) | Glargine (N = 24)

Thalassemia B Minor 0 1

Infection skin or soft tissue 2 7

Toe Infection 1 1

Infection, skin 0 1

LE cellulitis 0 2

Left athletes foot 1 0

Left toe cellulitis 0 2

Plantar ulcer and cellulitis 0 1

Mood/Psychological 0 2

Depression 0 2

Musculoskeletal 1 5

Back pain 1 0

Ganglion cyst right knee 0 1

Knee pain 0 1

Plantar fasciitis 0 2

Right knee pain 0 1

Neurological 0 6

CTS 0 1

Dizziness 0 1

Headache after fall 0 1

Left arm numbness 0 1

Lightheadedness 0 1

Neuropathic pain, worsened 0 1

Pregnancy 1 0

Renal 1 0

Nephrolithiasis 1

Respiratory 3 10

Asthma exacerbation 0 1

Cold 1 0

Hospitalization - bronchitis 0 2

Idiopathic pulmonary fibrosis 0 1

Pneumonia 0 1

Pulmonary embolism 1 0

Sinusitis 0 1

Status asthmaticus 0 1

strep throat/ear infection 0 1

Upper Respiratory tract Infection 1 2

Skin/Dermatologic 1 0

Squamous cell carcinoma 1 0
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Event Exenatide (N=22) | Glargine (N = 24)

Surgical Procedure 0 6

Ingrown toenail extraction -bilaterally 0 1

Left toe amputation 0 1

Basal cell carcinoma 0 1

Nasal septal repair 0 1

Gastric bypass 0 1

Scheduled surgery 0 1
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