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OBJECTIVE — The purpose of this study was to evaluate the change in neuropathy symp-
toms and disease progression in placebo-administered patients from two 1-year studies in which
the impact of ruboxistaurin (RBX) in mild diabetic peripheral neuropathy (DPN) was tested.

RESEARCH DESIGN AND METHODS — Data from 262 placebo-administered pa-
tients from two identical phase 3, randomized, double-blind trials were combined and analyzed.

RESULTS — After 1 year, change in the neuropathy impairment score of lower limbs
[NIS(LL)] (�0.63 points; P � 0.005), vibration detection threshold (VDT) (�0.42 just notice-
able difference units; P � 0.003), and Neuropathy Total Symptom Score-6 (NTSS-6) question-
naire (�3.73 points; P � 0.001) improved, whereas some electrophysiology measures and heart
rate deep breathing (HRDB) (�0.78 beats; P � 0.003) worsened compared with baseline values.
There was a small but significant worsening of A1C (0.28%; P � 0.001), and a greater percentage
of patients were using analgesics at the end of the trials (33.6%; P � 0.003). At 1 year, the change
in NTSS-6 directly correlated with changes in NIS(LL) and VDT and inversely correlated with the
peroneal nerve conduction velocity. On logistic regression analyses, a �50% reduction in
NTSS-6 score was less likely in patients who used antihypertensive or chronic symptom medi-
cation at baseline.

CONCLUSIONS — In placebo-administered patients with mild symptomatic DPN, there
was a progressive improvement in symptoms over 12 months, whereas nerve conduction studies
and HRDB declined, and clinically significant worsening of DPN would require �1 year of
observation.
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In the Rochester Diabetic Neuropathy
Study cohort, the prevalence of dia-
betic peripheral neuropathy (DPN)

was 54% in patients with type 1 diabetes
and 45% in patients with type 2 diabetes
(1). The two main clinical consequences
of DPN, painful neuropathy and foot ul-
ceration (sometimes leading to amputa-
tion), are associated with much patient
morbidiy and mortality (2). It is well es-
tablished that lack of glycemic control
and a longer duration of diabetes are ma-
jor risk factors for the development of
DPN (3,4). In addition, a major European
prospective study has recently shown that
potentially modifiable, traditional mark-
ers of macrovascular disease such as hy-
pertension, hyperlipidemia, and smoking
are also independent risk factors for DPN
(5).

The most consistent early abnormal-
ity in DPN is an abnormality in nerve elec-
trophysiology. Clinical signs resulting
from nerve dysfunction may include loss
of light touch and pressure sensation, a
decrease in vibration detection threshold
(VDT), decreased motor strength, and
areflexia. Symptoms may or may not de-
velop with the onset of functional abnor-
malities or mild clinical impairments and
are therefore not essential for the diagno-
sis of DPN. However, it is well recognized
that pain is the most distressing symptom
of DPN and the main factor that prompts
the patient to seek medical advice (6).
There are few studies that have examined
the prevalence and progression of painful
DPN, and they report a prevalence rate
ranging from 7 to 26% (7,8). The varia-
tion in prevalence reporting reflects the
heterogeneity of the population studied,
the criteria used to define symptomatic
neuropathy, and the changes in the stan-
dard of care or alternatively the degree of
DPN symptoms or use of concomitant
therapy in that patient population.

Virtually all clinical trials involving
pain-relieving drugs have been short term
and solely evaluated changes in the symp-
toms of DPN without careful assessment
of neuropathy parameters. Thus, infor-
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mation on symptomatic improvement in
relation to underlying disease state pro-
gression over an extended period of time
is lacking. We present data from the pla-
cebo-administered patients from two
large, randomized, double-blind, identi-
cal, 12-month clinical trials to investigate
which factors may impact not only the
disease-state progression but also the
change in symptoms in patients with mild
but clinically symptomatic DPN.

RESEARCH DESIGN AND
METHODS — Two identical, phase 3,
parallel, randomized, double-blind, pla-
cebo-controlled trials were performed at
64 centers to investigate the effects of 32
mg/day of the protein kinase C� inhibitor
ruboxistaurin (RBX) mesylate compared
with placebo in patients with diabetes and
symptomatic DPN. The studies were con-
ducted according to the principles ex-
pressed in the Declaration of Helsinki.

Patients studied were �18 years with
type 1 or type 2 diabetes who had clini-
cally diagnosed sensory symptoms due to
distal symmetrical polyneuropathy. Pa-
tients needed to have mild DPN, which
included a VDT �95th percentile, a sural
sensory nerve action potential �1 �V,
and a baseline Neuropathy Total Symp-
tom Score-6 (NTSS-6) �6 points. Pa-
tients who had a VDT �23 just noticeable
difference (JND) units, an A1C value of
�12.0%, or neuropathy due to diseases
other than diabetes were excluded. As-
sessments included the NTSS-6, VDT,
neuropathy impairment score of the
lower limbs [NIS(LL)], heart rate varia-
tion during deep breathing (HRDB), and
electrophysiology measured by nerve
conduction studies.

Measurements
To evaluate symptoms of DPN, the
NTSS-6 questionnaire was used to mea-
sure frequency and intensity of neuro-
pathic sensory symptoms (numbness
and/or insensitivity, prickling sensation,
aching pain, burning pain, lancinating
pain, allodynia, and/or hyperalgesia)
(9,10). Surface stimulation and record-
ings of nerve conduction were obtained
from the sural, peroneal, and tibial nerves
of the lower extremity. Conduction veloc-
ities were calculated from these measure-
ments using standard methods (11). In
addition, the study limb was tested for
vibratory perceptions over a 30-min pe-
riod. A noninvasive detector was placed at
predetermined skin locations and the “4-
2-1 stepping” algorithm was followed.

The reading center conducted quality
control assessments before data capture
(12).

Concomitant medication use
All concomitant medication use was re-
corded on the case report form. Analge-
sics were permitted, and medications
taken for DPN symptoms were separately
noted. Chronic symptom medications
were defined as medications that are typ-
ically prescribed for the treatment of DPN
symptoms on an ongoing basis (�1
month). These drugs include anticonvul-
sants and antidepressants; some examples
include gabapentin, topiramate, amitrip-
tyline, duloxetine, and nortriptyline. For
patients who required medication to re-
lieve DPN symptoms, analgesic medica-
tions were prescribed according to the
following algorithm: week 1, aspirin,
acetaminophen, paracetamol, or aspirin-
like compounds; weeks 2–4 (if needed
and indicated), nonsteroidal anti-
inflammatory medication; weeks 5–8 (if
needed and indicated), class 4 controlled
substances such as propoxyphene or
propoxyphene combined with another
analgesic such as aspirin or acetamino-
phen; and week 9 and beyond (if needed
and indicated), codeine or codeine com-
bined with another analgesic such as as-
pirin or acetaminophen. If class 2
controlled substances were required
(with the exception of codeine), then the
study medication was discontinued.

Patients were required to have stable
glucose control before entering the study.
Patients with an A1C between 9 and 12%
at screening were required to lower their
A1C before entering the study by use of
insulin or other measures (diet and exer-
cise with or without oral antihyperglyce-
mic agents). Patients with an A1C �12%
were excluded from the study. Patients’
antihyperglycemia therapy could have
been altered at any time during the trial, in
accordance with good clinical practice and
the local standards of diabetes care.

Analyses and statistical methods
Analyses were conducted using the in-
tent-to-treat population, which includes
all randomly assigned patients. For pa-
tients missing postbaseline measure-
ments, the last observation carried
forward approach was applied by imput-
ing the last nonmissing postbaseline
value. Pearson’s correlation coefficient
was used to evaluate disease progression
within the placebo-administered patients

by correlating the change in sensory
symptoms (as measured by the NTSS-6)
with the change in NIS(LL), VDT, or elec-
trophysiological measures. Change from
baseline to end point in medication use at
baseline compared with postbaseline was
also investigated.

Stepwise logistic regression was then
conducted with the following patient
characteristics included in the model: age,
A1C, sex, origin (Caucasian versus non-
Caucasian), diabetes type, alcohol use,
tobacco use, BMI, blood pressure assess-
ments, insulin use, and baseline measures
of neuropathy. In addition, the use of the
following medications was included:
statins, antihypertensive agents, ACE in-
hibitors/angiotensin II receptor blocking
agents, and chronic symptom medica-
tions. In all stepwise logistic regression
models, the probability level to enter the
model was set to 0.3 and the probability
to remain in the model set to 0.1. The first
stepwise logistic regression included the
above factors; in addition, protocol was
forced into the model as a factor. The sec-
ond analysis was conducted in the same
manner, but age and baseline A1C were
also forced into the model, as these are
known predictors of diabetic neuropathy
disease state progression (3,4). The goal
of these analyses was to assess the likeli-
hood of clinically significant symptom
improvement while adjusting for all char-
acteristics together.

RESULTS — Of the 519 patients ran-
domly assigned at 64 centers, 262 re-
ceived placebo and 211 of the placebo-
treated patients completed the 1-year

Table 1—Patient baseline characteristics

Characteristic Placebo

n 262
Female sex 147 (56.1)
Type 1 diabetes 68 (26.0)
Age (years) 48.1 � 9.4
Caucasian 207 (79.0)
BMI (kg/m2) 30.0 � 6.5
A1C (%) 7.6 � 1.4
Used insulin 159 (60.7)
Duration of diabetes (years) 11.4 � 9.2
Duration of neuropathy (years) 2.7 � 2.8
Statin medication use 68 (26.0)
Chronic symptom medication use 38 (14.5)
Antihypertensive medication use 157 (59.9)
ACE inhibitor or ARB use 131 (50.0)

Data are means � SD or n (%). ARB, angiotensin II
receptor blocker
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study (see the online appendix for the pa-
tient disposition diagram [available at
http://dx.doi.org/10.2337/dc07-0608.)
Baseline characteristics of the placebo
group patients are presented in Table 1.
Significant symptom improvement
within each treatment group was demon-
strated as early as 1 month and was ob-
served throughout the course of 1 year
(P � 0.001 in the placebo group and P �
0.001 in the RBX group). The combined
data for the primary end point from these
two clinical trials indicated that there was
no significant difference between RBX-
treated and placebo-administered groups
for the NTSS-6 change at any point dur-
ing the 1-year trials.

At baseline, placebo-administered
patients had a mean NTSS-6 total score of
9.76 � 3.3 (mean � SD) points, NIS(LL)
score of 6.95 � 5.0 points, and VDT re-
sults of 20.43 � 2.1 JND units. The
change from baseline to end point exhib-
ited a statistically significant mean im-
provement for each of the following
parameters (Table 2): the NTSS-6 total
score (3.73 � 3.8; P � 0.001), the
NIS(LL) (0.63 � 3.4 points; P � 0.005),
and the VDT (0.42 � 2.1 JND units; P �
0.003). In contrast, the HRDB difference
(inspiration – expiration at baseline �
11.9 � 6.7 beats/min) had a statistically
significant mean worsening (0.78 � 3.9
beats/min; P � 0.003) from baseline to
the end of the 1-year study evaluation
(Table 2).

Most electrophysiology attributes nu-
merically worsened over the 1-year study
period. A statistically significant worsen-
ing was observed for peroneal motor

nerve conduction velocity (NCV), tibial
motor nerve F-wave latency, sural sen-
sory nerve amplitude, and sural sensory
peak latency (Table 2).

Although the change was small, a sig-
nificant increase in baseline to end point
A1C was observed (0.28 � 1.2%; P �
0.001). The percentage of patients using
insulin at baseline and at the end of the
study was comparable (60.7 vs. 62.2%;
P � 0.720), whereas the use of statins
slightly increased from 26.3% at baseline
to 31.7% at the end of the study (P �
0.178). However, the use of analgesic
medications did significantly increase in
the placebo-administered patients from
21.8% at baseline to 33.6% by the end of
the study (P � 0.003). Regardless of an-
algesic medication use, whether never
taken, taken at baseline, or initiated dur-
ing the trial, there was a similar degree of
improvement in the mean change from
baseline in the NTSS-6 score for placebo-
treated patients.

A change in sensory symptoms as
measured by the NTSS-6 significantly
correlated with changes in VDT (r �
0.169, P � 0.010), NIS(LL) (r � 0.166,
P � 0.010), and peroneal NCV (r �
�0.213, P � 0.001), although the corre-
lations were mild. No consistent correla-
tion was observed between change in
symptoms and change in other electro-
physiological measures in placebo-treated
patients. In addition, no statistically sig-
nificant correlation between change from
baseline in each of the individual NTSS-6
symptoms and change from baseline in
measures of neuropathy was observed.

As shown in Table 3, when the patient

characteristics were assessed in a univar-
iate fashion, a clinically significant
(�50%) reduction in NTSS-6 score was
less likely in patients who used antihyper-
tensive (65.2 vs. 52.8%; P � 0.0464) or
chronic symptom medication (18.7 vs.
8.5%; P � 0.0248) at baseline. A similar
trend was observed with the use of statins
at baseline (30.3 vs. 19.8%; P � 0.0591).
Patients who had clinically significant im-
provement in neuropathy symptoms at 1
year had lower mean baseline scores for
NTSS-6, milder neuropathy (e.g., lower
VDT, lower NIS(LL), and higher sural
sensory amplitude, peroneal NCV, and
tibial F-wave latency), lower BMI, type 1
diabetes, and lower systolic blood pres-
sure and were younger. Additionally,
there was a significant difference in the
change in peroneal NCV between patients
who had clinically significant improve-
ment in neuropathy symptoms compared
with those who did not (Table 3).

The results from the stepwise logistic
regression analysis to assess the impact of
patient characteristics on change in symp-
toms at 1 year are presented. Patients who
used antihypertensive (P � 0.025) and
chronic symptom medications (P � 0.01)
at baseline and had a higher VDT (P �
0.013) at baseline were less likely to show
improvement in symptoms. When the
stepwise logistic regression analysis was
performed with A1C and age in the model
(results not shown), patients who used
antihypertensive medications and
chronic symptom medications at baseline
were less likely to have symptom im-
provement. In addition, those with a
higher BMI and, as anticipated, because

Table 2—Baseline to end point change at 1 year in placebo-administered patients

Characteristic Baseline
Baseline to end

point improvement P value*

NTSS-6 total score (points) 9.76 � 3.3 3.73 � 3.8 �0.001
NIS�LL	 (points) 6.95 � 5.0 0.63 � 3.4 0.005
Quantitative sensory testing (JND units) 20.43 � 2.1 0.42 � 2.1 0.003

Baseline to end
point worsening

HRDB (inspiration � expiration) (beats/min) 11.92 � 6.7 0.78 � 3.9 0.003
Peroneal NCV (m/s) 43.05 � 4.9 0.38 � 2.2 0.012
Tibial F-wave latency (ms) 54.93 � 6.1 0.33 � 2.4 0.045
Sural amplitude (�V) 9.10 � 5.3 1.12 � 3.7 �0.001
Sural peak latency (ms) 3.95 � 0.49 0.058 � 0.37 0.021
A1C (%) 7.58 � 1.4 0.28 � 1.2 P � 0.001

Data are means � SD. To assess disease progression within the placebo-administered patients, changes from baseline to end point were assessed using a t test for the
following neuropathy measures: NTSS-6 total score, the NIS�LL	 score, VDT, the HRDB (heart rate difference between inspiration and expiration), and attributes of
electrophysiology (sural, peroneal, and tibial nerves). The change from baseline to end point in A1C was also investigated. *P values assess within placebo treatment
baseline to end point change.
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age and A1C were forced into the model,
older patients and those with a higher
A1C at baseline were less likely to improve.

CONCLUSIONS — Accompanying
the change in the standard of care, there
has been a decrease in the incidence,
prevalence, and progression of diabetic
microvascular complications (10,13–15).
However, the impact of improved care on
neuropathy symptoms is unclear (10,13–
15). It has also been conventionally as-
sumed that the placebo effect on pain
relief would be short-lived, lasting only
3–6 months. This has not been confirmed
by long-term, randomized, controlled tri-
als. Therefore, longer, randomized, con-
trolled trials are clearly important as
virtually all previous symptom-based tri-
als have lasted �16 weeks, and informa-
tion is lacking on the continued efficacy of
drugs currently in use for painful DPN.
This analysis addresses the evolution of
neuropathy symptoms in placebo-
administered patients with mild DPN
over 1 year. The findings of this study may
be relevant for designing future longer-
term studies. In addition, the natural his-
tory and progression of the symptoms of

DPN in relation to the underlying neurop-
athy is poorly understood (13), an issue
that is also addressed by this study.

In the patients we studied, who were
described as having mild DPN, we dem-
onstrated variable progression of signs
and symptoms. During the 1-year time
course, there was statistically and clini-
cally significant improvement in symp-
toms, signs (on neurologic examination),
and sensory testing of vibration, whereas
HRDB, a marker of autonomic neuropa-
thy and small nerve fiber function, actu-
ally worsened. It is commonly believed
that autonomic and sensory neuropathies
are progressive complications of diabetes.
We observed worsening autonomic func-
tion (HRDB), whereas sensory function
(VDT) improved. This result may be due
to a differential effect on large fiber sensa-
tion versus small fiber function. Addition-
ally, electrophysiology was uniformly and
numerically worse after 1 year but pero-
neal NCV, tibial F-wave latency, sural
peak latency, and sural sensory amplitude
were the only attributes to demonstrate a
statistically significant worsening.

In contrast with positive results ob-
served in the phase 2 trial investigating

the effect of RBX in patients with DPN
(16), the change in the NTSS-6 score was
not statistically significant when RBX and
placebo groups were compared in the two
phase 3 studies (17). However, the
change in symptoms from baseline to end
point after this 1-year period was statisti-
cally significant in this patient population
with mild DPN, regardless of treatment
group. What could have affected symp-
tom improvement in this study? Possibil-
ities including the psychological effects of
frequent study-required visits (18), a pla-
cebo effect (19), and changes in the dia-
betic and neuropathic disease states,
glucose control, and use of symptom
medication were considered. The im-
provements in symptoms as well as in the
neurological examination score and VDT
were unexpected because the patients’
regimens (both diabetes medications and
symptom medications) were stable before
the study, and symptoms had been
present for at least 6 months and as long
as 5 years before enrollment. Although
there was a slight increase in A1C at 1
year, this change could not be expected to
greatly affect the clinical course. Thus, the
most plausible explanation for the signif-

Table 3—Patient characteristics that impact clinically significant improvement in neuropathic symptoms

Characteristic
Symptom

improvement �50%
No symptom

improvement �50% P value*

Baseline NTSS-6 total score (points) 9.17 � 2.87 10.19 � 3.58 0.0168
Baseline NIS�LL	 (points) 6.45 � 4.25 7.31 � 5.41 0.1714
NIS�LL	 changes from baseline (points) �1.21 � 3.37 -0.21 � 3.41 0.0277
Baseline NIS�LL	
7 (points) 13.28 � 5.99 15.26 � 7.17 0.0219
NIS�LL	
7 change from baseline (points) 0.027 � 7.7 2.51 � 12.7 0.0969
Baseline VDT (JND units) 20.00 � 2.06 20.71 � 2.07 0.0087
VDT change from baseline (JND units) �0.582 � 2.39 �0.304 � 1.87 0.3228
Baseline peroneal NCV (m/s) 43.34 � 4.96 42.85 � 4.90 0.4273
Peroneal NCV change from baseline (m/s) 0.015 � 2.32 �0.674 � 2.15 0.0260
Baseline tibial F-wave latency (ms) 54.54 � 6.19 55.20 � 6.06 0.3939
Tibial F-wave latency change from baseline (ms) 0.285 � 2.66 0.362 � 2.21 0.8165
Baseline sural amplitude (�V) 10.19 � 5.44 8.34 � 5.13 0.0076
Sural amplitude change from baseline (�V) �1.23 � 3.55 �1.04 � 3.76 0.6985
Age (years) 46.30 � 9.15 49.28 � 9.36 0.0128
Baseline BMI (mg/kg2) 29.07 � 7.14 30.67 � 5.95 0.0528
Baseline SBP (mmHg) 124.22 � 14.21 128.26 � 15.68 0.0361
Type 1 diabetes 33 (31.1) 34 (21.9) 0.0962
Baseline chronic symptom medication use 9 (8.5) 29 (18.7) 0.0248
Baseline antihypertensive medication use 56 (52.8) 101 (65.2) 0.0464
Baseline statin use 21 (19.8) 47 (30.3) 0.0591

Data are means � SD or n (%). The patient characteristics that may predict clinically significant symptom improvement were also investigated. For these analyses,
a patient was considered to have a clinically significant symptom improvement if at least a 50% reduction in the NTSS-6 total symptom score was observed from
baseline to end of study. Each patient characteristic was initially evaluated using a univariate logistic regression model, with clinically significant improvement status
as the dependent variable and the patient characteristic as the independent variable. A patient was considered to have a clinically significant symptom improvement
if the patient had at least a 50% reduction from baseline in the NTSS-6 total symptom score. *P values were calculated using a logistic regression analysis, with the
categorical outcome (symptom improvement versus no symptom improvement) as the dependent variable and the characteristic (e.g., age) as the independent
variable. SBP, systolic blood pressure.
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icant improvement in symptoms in the
placebo-administered patients is likely to
be the “placebo effect.” The placebo effect
would include the psychological effect of
taking the medication as well as more fre-
quent interactions with a team of re-
searchers interested in the patients’ well-
being, thereby increasing the expectation
of improvement. The placebo effect is un-
likely to be explained by the increase in
analgesic medication use from baseline to
end point as placebo-administered pa-
tients who never received medications for
symptoms of DPN during the trial also
had a similar degree of improvement in
the mean change from baseline in the
NTSS-6 score. It is interesting that not
only was the improvement in symptoms
significant and progressive, but it ap-
peared to be increasing over the 1-year
time period.

Alternatively, other factors may have
influenced change or improvement of
symptoms in the patient population. We
chose a �50% improvement as a clini-
cally meaningful change (20). We used
logistic regression analysis, which identi-
fied the patients with antihypertensive
and chronic symptom medication use at
baseline and worse VDT who were less
likely to have symptom improvement.
Additionally, milder symptoms and
milder disease state at baseline, as defined
by a composite score of nerve function,
VDT, peroneal NCV change from base-
line, or baseline sural sensory amplitude
were identified as important. Finally,
younger age, lower BMI, and lower blood
pressure were associated with symptom
improvement.

Similar to our previous study and dis-
tinct from the literature in this patient
population, symptoms appeared to corre-
late positively with the neurological ex-
amination and vibration and inversely
with the worsening of electrophysiologi-
cal measures, such as peroneal NCV. Al-
though this finding may support previous
assertions that symptoms are unreliable in
assessing neuropathy disease state progres-
sion, it also brings into question the value of
other measures of neuropathic change,
such as the neurological examination.

The neurological examination, which
may or may not include a quantitative
evaluation of sensation, has long been
considered the gold standard by neurolo-
gists in making the diagnosis of DPN. The
examination has subjective components
that are not always amenable to a descrip-
tion of the presence of neuropathy or dis-
ease state progression in a strictly

quantifiable manner. Moreover, it is well
known that muscle strength (a prominent
part of the neurological examination) can-
not be fully evaluated and quantified
when pain is present. Thus, the use of
quantitative evaluation for the neurologi-
cal examination may not accurately pre-
dict the presence or degree of neuropathy
when painful symptoms are present. The
recent consensus report advocating the
use of the clinical examination as an im-
portant end point in defining the presence
of neuropathy for clinical research pur-
poses may be questionable (21).

Finally, in contrast to symptoms and
signs, electrophysiological parameters
consistently demonstrated worsening
during the course of a 1-year period. Per-
oneal NCV, tibial F-wave latency, sural
peak latency, and sural sensory amplitude
were the only tests of nerve function to
demonstrate a statistically significant
worsening, although the remaining at-
tributes were numerically worse. These
measures are relatively objective with less
variability and would thus be suitable end
points for disease state progression in
clinical trials (22). Clearly, several years of
follow-up would be required for any clin-
ically meaningful change even in electro-
physiological measures.

This study has some limitations.
These clinical trials were only 1-year stud-
ies, which may not have been long
enough to observe changes in the disease
state progression. Additionally, the trials
screened �8,500 patients for evidence of
mild DPN with loss of vibration sensa-
tion. Enrollment into the study was lim-
ited to patients with mild DPN. Hence
patients with severe symptoms and more
advanced DPN were not enrolled into the
trials. For this reason, only one of seven
patients identified as having any severity
of DPN qualified for the study. Therefore,
these patients may not be representative
of all patients with symptomatic DPN. Fi-
nally, the closer contact in a clinical trial
setting may allow for a better patient care
and glucose control, resulting in a reduc-
tion of disease state progression.

In summary, in patients with mild
symptomatic DPN followed closely in a
clinical trial, there was a significant and
progressive improvement in symptoms
over a 12-month period attributable to
the placebo effect. Intervention with RBX
during this 1-year period did not signifi-
cantly alter symptom or disease state pro-
gression. The NIS(LL) and VDT improved
from baseline to end point, whereas the
more objective measures, including most

electrophysiology attributes and the auto-
nomic nerve function (HRDB), worsened
over the course of 1 year. Finally, clini-
cally significant worsening of DPN in pla-
cebo-administered patients in a clinical
study would require �1 year of observa-
tion.

APPENDIX
The DPN Study Group: Principal In-
vestigators and Sites

Stephen Aronoff, MD, Research Insti-
tute of Dallas, Dallas, TX; Joseph C.
Arezzo, PhD, Albert Einstein College of
Medicine, Bronx, NY; Katrin Antsov, MD,
Parnu Hospital, Parnu, Estonia; Stjepan
Balic, MD, University of Zagreb, Croatia;
Ante Barada, MD, University of Zagreb,
Croatia; André Bélanger, MD, Laval Clin-
ical Research Center, Laval, Québec, Can-
ada; Timothy Benstead, MD, Centre for
Clinical Research, NS, Canada; Richard
Bergenstal, MD, International Diabetes
Center, MN ; Jürgen Beyer, MD, Johannes
Gutenberg University, Mainz, Germany;
Said Beydoun, MD, USC Univeristy Hos-
pital, Los Angeles, CA; Robert Biesbroeck,
MD, Valley Endocrine Associate, AZ; Ru-
pam Borgohain, MD, Nizam Institute of
Medical Sciences, Hyderabad, India;
Thomas Brannagan, MD, Weill Medical
College of Cornell University, Ithaca, NY;
Vera Bril, MD, University of Toronto,
Canada; Jose Cabezas Cerrato, MD, Hos-
pital Clinico Universitario de Santiago,
Santiago de Compostela, Spain; Alfred
Chachati, MD, Centre Hospitalier Hutois,
Huy, Belgium; Bruce Cleeremans, MD,
NervePro Research, Orange County, CA;
Stephen Colagiuir, MD, Diabetes Centre
Prince of Wales Hospital, Randwick, Aus-
tralia; David Coppini, MD, Poole General
Hospital, Poole, U.K.; Paresh Dandona,
MD, Diabetes & Endocrinology Center of
Western New York, Buffalo, NY; Latha
Dulipsingh, MD, New Britain General
Hospital, New Britain, CT; Peter Dyck,
MD, Mayo Clinic, Rochester, MN; Pertti
Ebeling, MD, Helsinki University Central
Hospital, Helsinki, Finland; Milda
Endziniene, MD, PhD, Kaunas Medical
University Hospital, Kaunas, Lithuania;
Samuel Engel, MD, Soundview Research
Associate, CT; Thomas Forst, MD, IKFE,
Mainz, Germany; Roy Freeman, MD, Beth
Isreal Deaconess Medical Center, Boston,
MA; Greg Fulcher, MD, Royal North
Shore Hospital, St. Leonards, Australia;
Gillian Gibson, MD, Vancouver General
Hospital, BC, Canada; Martin Gibson,
MD, Hope Hospital, Salford, U.K.; Steven
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Glyman, MD, Nevada Neurological Con-
sultants, Las Vegas, NV; Vesna Goldoni,
MD, University of Zagreb, Croatia; Robert
Hoeldtke, MD, West Virginia University,
Morgantown, WV; Reginald Hutchings,
MD, Riverside Medical Centre, PEI, Can-
ada; Lisette Jimenez, MD, San Juan,
Puerto Rico; Eddy Karnielli, MD, Ram-
bam Medical Center, Haifa, Isreal; Gint-
aras Kaubrys , MD, PhD, Vi lnuis
University Hospital, Santariskiu Clinic,
Vilnius, Lithuania; Peter Kempler, MD,
PhD, Semmelweis University, Budapest,
Hungary; John Kincaid, MD, Indiana
University, Bloomington, IN; Peter Ko-
vacs, MD, Medical University of Debre-
cen, Debrecen, Hungary; David Leonard,
MD, Morton Plant Mease Health Care,
Clearwater, FL; Tea Leppik, MD, North
Estonia Regional Hospital, Tallinn, Esto-
nia; Philip Levin, MD, MODEL Clinical
Research, Towson, MD; John Liljenquist,
MD, Rocky Mountain Diabetes and Os-
teoporosis Center, ID; Tu Lin, MD, Uni-
versity of South Carolina School of
Medicine, Columbia, SC; William Litchy,
MD, Mayo Clinic, Rochester, MN; Philip
Low, MD, Mayo Clinic, Rochester, MN;
Rayaz Malik, MD, Manchester Diabetes
Centre, Manchester, U.K.; Andrew
Mcleod, MD, Royal Shrewsbury Hospital,
Shrewsbury, U.K.; Alan Miller, MD, At-
lanta Pharmaceutical Research Center,
Atlanta, GA; V. Mohan, MD, Diabetes Re-
search Centre, Chennai, India; Maarika
Nurm, MD, Keila Rehabilitation Center,
Keila, Estonia; Richard O’Brien, Monash
Medical Centre, Clayton, Australia; Peter
O’Brien, Mayo Clinic, Rochester, MN;
Petra Ott, MD, Zentrum fuer klinische
Studien, Dresden, Germany; Alfonso
Calle Pascual, MD, Hospital Clinico San
Carlos, Madrid, Spain; Kumar Prasanna,
MD, M.S. Ramaiah Memorial Hospital,
Bangalore, India; Nadeem Rais, MD,
Chowpatty Medical Centre, Mumbai, In-
dia; A. Ramachandran, MD, Diabetes Re-
search Centre, Chennai, India; Philip
Raskin, MD, University of Texas South-
western Medical Center, Dallas, TX; Marc
Rendell, MD, Creighton Diabetes Center,
Omaha, NE; Mitchell Rubin, MD, Neurol-
ogy Consultants of Burlington County,
PA, Lumberton, NJ; Virgilio Salanga, MD,
Cleveland Clinic Florida, Weston, FL;
André Scheen, MD, PhD, University of
Liège, Belgium; Sherwyn Schwartz, MD,
Diabetes and Glandular Diseases Clinic,
San Antonio, TX; Aziz Shaibani, MD,
Nerve & Muscle Center of Texas, Hous-
ton, TX ; Jonathan Shaw, MD, Interna-
tional Diabetes Institute, Caulfield,

Australia; Richard Singer, MD, Neurology
Clinical Research, Plantation, FL; Sant
Singh, MD, Rosalind Franklin University
of Medicine and Science, North Chicago,
IL; Jorma Strand, MD, Oulun Diakonis-
salaitos, Oulu, Finland; Sigitas Stonkus,
MD, PhD, A. Navicko Outpatient Clinic,
Klaipeda, Lithuania; Rup Tandan, MD,
FRCP, University of Vermont, Burlington,
VT; Solomon Tesfaye, MD, FRCP, Royal
Hallamshire Hospital, Sheffield, U.K.;
Kristien Van Acker, MD, Willebroek, Bel-
gium; Luc F. Van Gall, MD, Edegem, Bel-
gium; Aaron I. Vinik, MD, PhD, Eastern
Virginia Medical School, Norfolk, VA;
Vincent Woo, MD, University of Mani-
toba, MB, Canada; Dennis K. Yue, MD,
Royal Prince Alfred Hospital, Camper-
down, Australia; Janez Zidar, MD, Uni-
versity Medical Centre, Ljubljana,
Slovenia; Dan Ziegler, MD, Heinrich-
Heine-Universitaet Duesseldorf, Duessel-
dorf, Germany; and Vanja Zjacic-Rotkvic,
MD, University of Zagreb, Croatia.
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