Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

3

Dove

ORIGINAL RESEARCH

Effect of rosuvastatin on diabetic polyneuropathy:
a randomized, double-blind, placebo-controlled

Phase lla study

Jaime Hernandez-Ojeda
Luis Miguel Roman-Pintos
Adolfo Daniel Rodriguez-
Carrizalez

Rogelio Troyo-Sanroman
Ernesto German Cardona-
Munhoz

Maria del Pilar Alatorre-
Carranza

Alejandra Guillermina
Miranda-Diaz

Departamento de Fisiologia,
Centro Universitario de Ciencias
de la Salud, Universidad de
Guadalajara, Jalisco, México

Correspondence: Alejandra Guillermina
Miranda-Diaz

Instituto de Terapéutica Experimental y
Clinica, Centro Universitario de Ciencias
de la Salud, Universidad de Guadalajara,
Av La Paz No 2758, Col Arcos Sur,

CP 44150, Guadalajara, Jalisco, México
Tel +52 33 1058 5200 ext 33658

Fax +52 33 3617 3499

Email kindalex | @outlook.com

This article was published in the following Dove Press journal:
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy
4 September 2014

Number of times this article has been viewed

Background: Diabetic neuropathy aftects 50%—-66% of patients with diabetes mellitus.
Oxidative stress generates nerve dysfunction by causing segmental demyelinization and axonal
degeneration. Antioxidants are considered to be the only etiologic management for diabetic
polyneuropathy, and statins such as rosuvastatin increase nitric oxide bioavailability and reduce
lipid peroxidation. The aim of this study was to evaluate the antioxidant effect of rosuvastatin
in diabetic polyneuropathy.

Methods: We conducted a randomized, double-blind, placebo-controlled Phase Ila clinical
trial in patients with type 2 diabetes and diabetic polyneuropathy (DPN) stage =1b. We allo-
cated subjects to two parallel groups (1:1) that received rosuvastatin 20 mg or placebo for
12 weeks. Primary outcomes were neuropathic symptom score, disability score, and nerve
conduction studies, and secondary outcomes were glycemic control, lipid and hepatic profile,
lipid peroxidation, and nerve growth factor beta (NGF-f3) levels.

Results: Both groups were of similar age and duration since diagnosis of diabetes and DPN.
We observed improvement of DPN in the rosuvastatin group from stage 2a (88.2%) to stage 1b
(41.2%), improvement of neuropathic symptom score from 4.5+2 to 2.4+1.8, and significant
(P=0.001) reductions of peroneal nerve conduction velocity (from 40.81+2.2 to 42.1+1.6 seconds)
and lipid peroxidation (from 25.412 to 12.2+4.0 nmol/mL), with no significant change in gly-
cemic control or B-NGF.

Conclusion: The severity, symptoms, and nerve conduction parameters of DPN improved after
12 weeks of treatment with rosuvastatin. These beneficial effects appear to be attributable to
reductions in lipid peroxidation and oxidative stress.

Keywords: rosuvastatin, diabetic polyneuropathy, nerve conduction, oxidative stress, nerve
growth factor beta

Introduction

According to the World Health Organization, approximately 346 million people world-
wide have diabetes mellitus (DM).! Diabetic polyneuropathy (DPN) is a heterogeneous
disease that involves various parts of the nervous system and produces a variety of
clinical symptoms.? DPN is the most common complication of DM? and its prevalence
ranges between 50% to 66% in patients with the disease.* A composite score has been
developed to diagnose DPN, based on clinical manifestations and nerve conduction
studies. The neuropathic symptom score (NSS) and neuropathic impairment score (NIS)
collect a series of neurological data used for the clinical diagnosis, and a score =2
is considered positive for DPN.> Nerve conduction studies involve electrical stimula-
tion of a peripheral nerve and the neuromuscular junction to evaluate nerve latency,
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amplitude, and velocity,® and a test is deemed to be positive
if there is a difference of two or more standard deviations in
two distinct parameters observed in two or more nerves.’

Hyperglycemia damages cells by increasing oxidative
stress through formation of advanced glycation end-products,
which are responsible for covalent attachment to proteins
and structural changes in nerve cells.®® Hyperglycemia
also affects nerve conduction via axonal degeneration and
segmental demyelinization, leading to loss of functional
myelin nerve fibers.'™!" Another physiopathologic pathway
leading to nerve dysfunction consists of alterations in syn-
thesis and/or expression of neurotropic factors, such as nerve
growth factor beta (NGF-f) and tissue growth factor 1.'2

Use of antioxidants in DM is controversial, but could be
considered because they may be effective in reducing the risk
of developing microvascular complications.'® Antioxidants
can counteract the effects of reactive oxygen species and lipid
peroxides (LPO), thereby restoring the balance between the
processes of myelinization and demyelinization induced by
oxidative stress.'* Rosuvastatin decreases cholesterol levels
by inhibiting hydroxymethylglutaryl-coenzyme A reductase;
however, some pleiotropic effects have been proposed, includ-
ing improvement of endothelial function, increased bioavail-
ability of nitric oxide, " stabilization of atherosclerotic plaque
and as a potent systemic antioxidant.'®!” Statins also reduce
reactive oxygen species via vascular nicotinamide adenine
dinucleotide phosphate oxidase and antagonize the pro-
oxidant effects of angiotensin Il and endothelin-1.'® Further,
rosuvastatin reduces oxidation of low-density lipoprotein.'*2°
Therefore, we evaluated the effects of rosuvastatin in patients
with DPN.

Patients and methods
Study design and population

We performed a randomized, double-blind, placebo-
controlled, parallel-group, Phase Ila clinical trial with an
allocation ratio of 1:1. We selected patients who lived in
Guadalajara or its surrounding areas from primary care clin-
ics, by invitation via public forums for patients with DM, and
telephone calls to patients in the database held by our research
unit. Management of glycemia and blood pressure was left
to their usual physicians, and adjustments to this regard were
made based on clinical guidelines during the study. Male and
female patients with type 2 DM were eligible for inclusion
if they were aged 35-80 years, had a glycated hemoglobin
level <12% and DPN stage =2b, and were able to provide
signed informed consent. We excluded patients with other
types of neuropathy (alcohol, autoimmune, hereditary,

inflammatory, drug-induced, vitamin deficiency-related);
pregnant and nursing women; those who had used antioxi-
dant therapy in the 3 months before randomization; those
who had previously been treated with a statin or those who
strictly required immediate statin use; and those who could
not understand instructions due to educational or physical
limitations. Patients could withdraw from the study at any
time if they wished and were removed if any severe adverse
reaction or critical illness occurred.

Primary outcomes were regression of clinical DPN stage
and improvement in NSS, NIS, and nerve conduction studies.
The investigator responsible for giving the bottle of study
medication to the study patients was trained by a neurologist
to obtain information through anamnesis and physical exami-
nation for calculation of the aforementioned scores according
to Dyck et al.’ Nerve conduction studies were performed
according to American Association of Electrodiagnostic
Medicine guidelines,? recording latency, duration, amplitude,
and motor nerve conduction velocity from the fibular, tibial,
median, and ulnar nerves, and sensitivity parameters from the
sural, median, and ulnar nerves. Secondary outcomes were
changes in LPO and B-NGF.

The sample size was calculated based on peroneal nerve
conduction velocity for DPN stage 1b (41£3 m/sec), with a
difference of 3 m/sec for the experimental group, a confidence
interval of 95%, and power of 80%. A coinvestigator ran-
domized patients in two-member blocks to rosuvastatin 20
mg or placebo using a computer-generated list previously
established by a statistician. The study medications were
matched for color, taste, and size by a pharmacist, and
sealed in dark containers each containing 30 pills. Another
researcher handed each bottle of study medication to the
patient and instructed them to take their allocated medication
once a day before their evening meal. To ensure adherence,
each subject was required to write down the time and date
they took the medication, and was instructed not to double
any doses. Patients were also asked to describe any adverse
events in the same diary. We scheduled one visit per month
until completion of the study, at which time we performed
a pill count, reviewed their diary, and recorded any adverse
events potentially related to the study drug. Patients, their
health care providers, and all the study investigators were
blinded.

Lipid peroxidation products

Serum LPO levels were measured using an FR12® assay
kit (Oxford Biomedical Research Inc., Oxford, MI, USA)
according to the manufacturer’s instructions. In this assay,
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the chromogen reagent reacts with malondialdehyde and
4-hydroxyalkenals to form a stable chromophore. First,
200 pL of serum with 455 UL of N-methyl-2-phenylindole
in acetonitrile (reagent 1) was diluted with ferric acid
in methanol. Samples were agitated, after which 105 uL
of methanesulfonic acid was added, followed by incu-
bation at 45°C for 60 minutes and centrifugation at
12,791 rpm for 10 minutes. Next, 200 uL of the superna-
tant was added and absorbance was measured at 586 nm.
The standard curve pattern with known concentrations of
1,1,3,3-tetramethoxypropane in Tris-HCI was used.

B-NGF levels were determined by enzyme-linked immu-
nosorbent assay (DY 256 kit, R&D Systems, Inc., Minneapolis,
MN, USA). First, 100 uL of serum was added to the antibody,
which was diluted to 2 pg/mL phosphate-buffered saline.
After several steps, comprising addition of reactants, several
washing and incubating periods, a 2 N H,SO, solution was
added to stop the reaction. Finally, the plate was read at a
wavelength of 450 nm and reported in pg/mL.

Statistical analysis

The results for quantitative variables are expressed as the
mean * standard deviation. The Mann—Whitney U test
was used for between-group analysis, and Wilcoxon tests
were used for values recorded before and after treatment.
Qualitative parameters are reported as percentages, using
the chi-squared or Fisher’s Exact test for intergroup and
intragroup analysis. A P-value =0.05 was considered
to be statistically significant, with a confidence interval
0f 95%.

Ethical considerations

The study was performed in accordance with the updated
Declaration of Helsinki (2000) and in agreement with local
and national laws. Coded numbers were assigned to ensure
patient confidentiality. The protocol and procedures for
informed consent were reviewed and approved by the ethics
and research committee at Centro Universitario de Ciencias
de la Salud de la Universidad de Guadalajara. The study is
registered at clinicaltrials.gov (NCT01622777).

Results

There were no statistically significant differences in demo-
graphic characteristics between the two groups at baseline.
The mean patient age in the rosuvastatin group was
57.6%7 years versus 57£10 years in the controls (P=0.809).
The majority of the study participants were women (82.4%
in the rosuvastatin group versus 88.2% in the control

group; P=0.628). Time since diagnosis of type 2 DM in the
rosuvastatin group was 9.716.3 years versus 8.1£5.6 years
in the control group (P=0.325). Time since diagnosis of
DPN was 19.3+18.4 months in the rosuvastatin group versus
18.8+14.1 months in the control group (P=0.727). Treatment
for diabetes was not modified during the study period, and
the responsibility for glycemic control remained with the
family physician. In the rosuvastatin group, 5.9% were
managed with glyburide, 41.2% with metformin/glyburide,
5.9% with insulin, and 47.1% with a combination of insulin
and oral antidiabetic agents. In the control group, 35.3%
were treated with glyburide, 11.8% with metformin, 29.4%
with metformin/glyburide, 5.9% with insulin, and 17.6%
with insulin/oral antidiabetic agents (P=0.085). Descriptive
analysis showed that most patients in the rosuvastatin group
and most of those in the control group had sensorimotor
neuropathy (88.2% and 94.1%, respectively; Table 1).

Clinical evaluation

At baseline, 88.2% of patients in the rosuvastatin group
had DPN stage 2a and 11.8% had stage 2b. At the end of
treatment, 41.2% of patients were at stage 1b, 52.9% had
stage 2a, and 5.9% had stage 2b (P=0.030). In the control
group, 64.7% had DPN stage 2a and 35.3% had stage 2b at
baseline; after intervention, 11.8% had stage 1b, 70.6% had
stage 2a, and 17.6% had 2b, with no significant difference
before and after treatment (P=0.122). NSS was reduced by
half in the study and control groups, with no statistically
significant between-group differences (4.512 at baseline
versus 2.411.8 at the final observation for the rosuvastatin
group and 4.4+ 1 versus 2.4%1.5, respectively, for the control

Table | Treatment of diabetes mellitus

Rosuvastatin Placebo P-value
(n=17) (n=17)
Sex
Male 3 17.6% 2 11.8% 0.628
Female 14  82.4% 15 88.2%
Diabetes treatment
Glyburide | 5.9% 6 35.3% 0.085
Metformin 0 0.0% 2 11.8%
Glyburide + metformin 7 412% 5 29.4%
Insulin | 5.9% | 5.9%
Insulin + other oral 8 47.1% 3 17.6%
antidiabetic agents
Symptomatic treatment
Anti-inflammatory drugs 0 0.0% 2 11.8%  0.15
None 17 100% 15 882%

Notes: More women than men were included in the study; 47.1% of patients
were managed with insulin and oral hypoglycemic agents, followed by glyburide +
metformin. The selection of patients in both groups showed homogeneity.
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group). The baseline NIS was 7.412.1 and after treatment was
7.5%4.6 in the rosuvastatin group, with respective values of
8.314.9 and 8.444.7 in the control group, and no significant
between-group or pre-post treatment differences (Table 2).

Nerve conduction studies were similar in both groups at
baseline, with improvement of peroneal nerve conduction at
the end of treatment in the rosuvastatin group (P<<0.038).
A slight (albeit not statistically significant) improvement was
also seen in median nerve conduction velocity and popliteal
amplitude. There were no differences in the controls before
and after treatment (Table 3).

Lipid peroxidation and nerve growth

factor beta levels

The baseline serum LPO level was 25.41+2 nmol/mL in the
rosuvastatin group and 17.6+14.5 nmol/mL in the control
group (P=0.13), and mean levels were 12.2+4.0 nmol/L
and 26.613.6 nmol/mL, respectively, after treatment, with
a significant (P=0.001) reduction in the rosuvastatin group.
The mean baseline B-NGF level was 64.4422.6 pg/mL in the
rosuvastatin group and 65.8%+16.5 pg/mL in the control group,
and was unchanged after intervention (66.8+25.4 pg/mL on
rosuvastatin versus 66.5+26.7 pg/mL for controls; P=0.9).

Metabolic parameters

Patients were hyperglycemic at baseline and at the end of treat-
ment in both groups. Mean fasting glucose was 193.1+80.1
mg/dL at baseline and 199.3+85.5 mg/dL at the end of the
study in the rosuvastatin group (P=0.2), and was 192.5+83.2
mg/dL at baseline versus 220.1£83.2 mg/dL at the end (P=0.9)
in controls. Glycated hemoglobin in the rosuvastatin group

Table 2 Stage, type, and degree of diabetic neuropathy

Rosuvastatin P-value Placebo P-value
(n=17) (%) (n=17) (%)
Baseline Final Baseline Final
Stage
b 0.0 412  0.03 0.0 1.8 0.2
2a 88.2 52.9 64.7 70.6
2b 11.8 5.9 353 17.6
Type
Motor 11.8 235 0.1 59 176 03
Sensory 0.0 0.0 0.0 0.0
Mixed 88.2 76.5 94.1 83.4
Degree
Mild 52.9 706 0.04 64.7 70.6 0.7
Moderate 41.2 17.6 29.4 23.5
Severe 59 11.8 59 59

Notes: Patients with diabetic neuropathy treated with rosuvastatin showed
a significant improvement in stage and degree of diabetic neuropathy; in the
placebo group, there was no significant change in stage, type, or degree of diabetic
neuropathy. The values in bold are statistically significant.

was 8.8%12.4% at baseline and 9.4%1.5% after treatment
(P=0.2); respective mean values in the placebo group were
9.3%=+2.8% and 9.9%=+2.5% (P=0.8).

As expected, there was a significant reduction in lipid
parameters after treatment in the rosuvastatin group but not
in the control group. Transaminases and bilirubin remained
unchanged in both groups before and after intervention. No
drug adverse reactions were reported (Table 4).

Discussion

The importance of estimating the severity of DPN accord-
ing to nerve conduction studies and neurologic findings was
exposed in the joint meeting of the 19th annual Diabetic
Neuropathy Study group of the European Association for the
study of Diabetes (NEURODIAB) and the 8th International
Symposium on Diabetic Neuropathy in Toronto, Canada,
October 13-18, 2009. The reason for this approach lies in the
existence of subclinical DPN and difficulties in quantifying
neuropathic symptoms despite standardized questionnaires
developed for this purpose.?? Recently, an association between
use of statins and peripheral neuropathy has been suggested;
however, the evidence for this relationship comes from cross-
sectional studies which are susceptible to multiple biases,
nerve conduction studies were not analyzed, and no subclas-
sification for specific statins has been reported.??* On the
other hand, a retrospective cohort from 2004—2008 reported
a significant association between statin use and diminished
risk of lower extremity amputation, a known complication of
DPN.% Further prospective trials including nerve conduction
studies have to be performed to establish significant proof in
this regard, since only weak evidence has been proposed, and
there are still many controversial findings.

There was a reduction in NSS of up to 50% in both
groups; however, neuropathic pain is a subjective param-
eter described by the patient, and improvement could be
due to a subjective perception in response to receiving a
therapeutic intervention. We observed an increase in per-
oneal nerve conduction velocity after 16 weeks of treatment,
whereas the NATHAN (Neurological assessment of thioc-
tic acid in diabetic neuropathy) 1 trial (ClinicalTrials.gov
identifier NCT00977483 ) was unable to show improve-
ment of nerve conduction studies after 4 years of treatment
with alpha-lipoic acid, which is probably explained by the
mechanism of action of alpha-lipoic acid with regard to small
nerve fibers, which are not measurable by electrodiagnostic
studies.” The reason for our findings could be the short-term
nature of the trial, and treatment should be extended at least
for a year to confirm the ability of rosuvastatin to improve
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Table 3 Nerve conduction studies

Nerves Rosuvastatin (n=17) P-value Placebo (n=17) P-value
Baseline Final Baseline Final
Leg
Amplitude (1V) 14.0+9.7 15.6+5.8 0.1 19.8+8.8 19.4+13.3 0.9
Latency (msec) 2.9+0.6 3.0£0.5 0.6 3.1:0.4 3.340.7 0.7
Peroneal
Ankle width (mV) 4.1£2.2 3.8+2.1 0.9 3.3£2.0 3.54+2.3 0.8
Amplitude at fibula (mV) 3.2%1.9 4.1+2.4 0.8 3.6£2.3 4.0+2.0 0.2
Conduction velocity (m/sec) 40.8+2.2 42.1%1.6 0.03 41.2+4.4 41.9+4.5 0.5
Tibial
Amplitude ankle (mV) 5.3+3.3 6.9+5.3 0.4 7.545.1 8.5+4.6 0.7
Amplitude in popliteal fossa (mV) 34424 4.8+4.4 0.08 5.7+4.8 6.41+3.9 0.2
Conduction velocity (m/sec) 41.845.7 43.1£5.9 0.5 40.4+4.2 41.0+4.6 0.2
F-wave latency (msec) 48.246.5 49.0£7.7 0.5 47.8+4.9 47.6£5.4 0.9
Arm
Median
Amplitude on wrist (UV) 23.6+9.2 24.548.5 0.5 25.5+17.3 30.5+17.7 0.3
Elbow breadth (uV) 14.4+7.2 12.5+6.4 0.4 16.249.1 16.4+10.7 0.8
Conduction velocity (m/sec) 49.3+5.2 50.1+4.4 0.08 51.2+4.5 50.4£7.5 0.6
Ulnar
Amplitude on wrist (mV) 8.1£2.7 8.0+2.2 0.8 8.2+2.4 8.7+2.6 0.4
Amplitude below the elbow (mV) 7.4+42 6.612.2 0.7 6.9+2.5 7.1x2.7 0.7
Amplitude above the elbow (mV) 7.2453 6.6+1.9 0.5 6.7+2.0 7.0+2.4 0.6
Amplitude of armpit (mV) 7.8£1.6 7.0+3.3 0.1 7.31+4.1 6.8+3.0 0.7
Supraclavicular amplitude (mV) 6.5+2.5 5.7+2.0 0.5 59+2.6 6.3+1.7 0.5
Velocity below the wrist (m/sec) 48.9+6.2 51.216.2 0.3 49.5+6.5 50.0+6.6 0.9
Velocity below and above the elbow (m/sec) 50.6+8.5 489+11.6 0.3 50.416.1 50.0+9.2 0.2
Velocity above the elbow-armpit (m/sec) 50.4+2.7 51.6+7.0 0.5 50.8+6.5 51.946.1 0.5
Supraclavicular velocity axillary fossa (m/sec) 54.5+9.1 53.6+5.7 0.5 52.1+8.9 51.7+4.7 0.4
F-wave latency (msec) 26.5+1.7 26.312.1 0.9 26.9+3.2 27.0+3.5 0.7

Notes: There was a significant increase in conduction velocity of the peroneal nerve in the rosuvastatin group and a tendency towards significance in amplitude of the tibial
nerve in the popliteal fossa and conduction velocity of the median nerve (P<<0.08). There was no significant difference between baseline and final nerve conduction studies
in the control group. The bold P-value indicates statistical significance.

Table 4 Lipid and hepatic profile

Placebo P-value Rosuvastatin Placebo P-value
(n=17) (n=17) (n=17)
Baseline Final Final
Lipid profile
Total cholesterol (mg/dL) 219.1£25.9 0.5 152.2436.9 211.7£26.0 0.001
LDL cholesterol (mg/dL) 132.14+26.2 0.5 69.1+28.9 134.7129.4 0.001
HDL cholesterol (mg/dL) 48.418.9 0.4 45.8+11.5 45.318.0 0.8
Triglycerides (mg/dL) 192.4+88.7 0.7 166.6£71.3 156.1£73.8 0.7
Hepatic profile
GGT (UL) 57.4+44.2 0.2 58.7+70.4 43.4£35.9 0.5
Total bilirubin (U/L) 0.610.2 0.9 0.7+0.3 0.7£0.2 0.6
Direct bilirubin (U/L) 0.240.1 0.8 0.240.1 0.2+0.1 0.5
Indirect bilirubin (U/L) 0.4+0.2 0.8 0.5+0.2 0.5+0.2 0.7
Albumin (U/L) 3.8+0.3 0.1 4.7+0.6 3.910.4 0.1
ALT (U/L) 20.949.1 0.4 22.7+7.7 20.619.6 0.4
AST (U/L) 21.2+6.1 0.5 22.8+8.9 19.617.6 0.3
Alkaline phosphatase (U/L) 115.3+39.4 0.3 82.6+14.2 98.1+45.6 0.5

Notes: As expected, we found a significant decrease in total cholesterol and low-density lipoprotein cholesterol. There was no significant increase in liver enzymes, which
supports the fact that rosuvastatin is a safe drug with few adverse events. The values in bold are statistically significant.
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-glutamyl transferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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nerve conduction studies; this could also explain the reason
that only one nerve was modified. The main disadvantage
of alpha-lipoic acid is that it needs to be administered intra-
venously for the first 3 weeks to achieve the desired effect,
whereas rosuvastatin can be administered orally once a
day.2728

We observed an improvement in DPN stage for
patients on rosuvastatin, which could be partially
explained by an increase in the velocity of nerve conduc-
tion, lipidic control and decreased lipid peroxidation;
determined in the rosuvasatin group, although most
studies do not report DPN stage as an outcome. The
SYDNEY (Symptomatic diabetic polyneuropathy study) 2
trial (ClinicalTrials.gov identifier NCT00328601) reported
improvement in symptoms and NIS after 5 weeks of treat-
ment, but we did not find any such clinical benefit with
rosuvastatin, despite the ability of statins to reduce oxida-
tive stress.?’ Statins reduce production of LPO and reactive
oxygen species by increasing the bioavailability of nitric
oxide.*® Oxidative stress is involved in progression of the
microvascular complications of DM; thus, by reducing LPO,
a clinical benefit could be expected. Experimental studies in
animals suggest that the pleiotropic effects of statins could
be mediated by neuronal nitric oxide synthase and signaling
via the phosphatidylinositol 3-kinase/Akt pathway. The final
outcome may restore microcirculation.’’*? Quantification
of LPO represents an objective way of measuring oxidative
stress,* and a significant reduction was observed in the rosu-
vastatin group in our study. These findings could be related
to improvement of DPN stage, but further studies must be
done to demonstrate a correlation between LPO and clinical
findings, since our sample size was too small to meet this
objective. Intolerance of statin treatment could be explained
in part by myopathy and increased transaminases.** Adding
calcium blockers or fibrates increases the risk of this side
effect;* however, we did not find evidence that neuropathy
was made worse by statins.

There was no significant change in B-NGF levels in
either group, indicating that rosuvastatin is not effective for
modification of neurotropic factors, at least with the doses
and duration of treatment used by our study group. One of
the variables influencing nerve function is glycemic control,
probably glycemic deregulation affected the final results.

Rosuvastatin proved to be safe, as shown by many other
clinical trials, and its pleiotropic effects are apparently unre-
lated to reduction of lipid levels.*® There were few adverse
effects and there was no clinical modification on hepatic
parameters.

Clinical trials with antioxidants in patients with DPN
are limited, and there is not enough evidence to recommend
routine use of these agents; however, rosuvastatin showed
an ability to reduce oxidative stress, probably by both its
lipid-lowering effect leading to amelioration of oxidized low-
density lipoprotein and its pleiotropic effects independent of
lipid levels.*” This ability appears to improve DPN staging by
modification of nerve conduction study parameters, mostly
with regard to peroneal nerve function. Further studies are
required, given our small study population size and the fact
that our study patients were treated for only 12 weeks. Our
study has some limitations, including its small sample size,
the heterogeneity of the antidiabetic agents used, poor gly-
cemic control at baseline, and a short period of intervention.
However, our findings suggest that rosuvastatin could benefit
patients with DM by reducing the progression of microvas-
cular complications, such as DPN.
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