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Abstract
AIM
To evaluate the impact of pioglitazone pharmacotherapy 
in median nerve electrophysiology in the carpal tunnel 
among type 2 diabetes patients.

METHODS
The study was executed in patients with type 2 diabetes, 
treated with oral drugs, categorized under pioglitazone 
or non-pioglitazone group (14 in each group), and 
who received electrophysiological evaluation by nerve 
conduction velocity at baseline and 3 mo.
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RESULTS
At 3 mo, pioglitazone-category had inferior amplitude 
in sensory median nerve [8.5 interquartile range (IQR) 
= 6.5 to 11.5) vs  non-pioglitazone 14.5 (IQR 10.5 to 
18.75)] (P  = 0.002). Non-pioglitazone category displayed 
amelioration in amplitude in the sensory median nerve 
[baseline 13 (IQR = 9 to 16.25) vs  3 mo 8.5 (IQR = 6.5 
to 11.5)] (P  = 0.01) and amplitude in motor median 
nerve [baseline 9 (IQR = 4.75 to 11) vs  3 mo 6.75 (IQR = 
4.75 to 10.25)] (P  = 0.049); and deterioration of terminal 
latency of in motor ulnar nerve [baseline 2.07 (IQR = 1.92 
to 2.25) vs  3 mo 2.16 (IQR = 1.97 to 2.325)] (P  = 0.043). 
There was amelioration of terminal latency in sensory 
ulnar nerve [baseline 2.45 (IQR = 2.315 to 2.88) vs 3 mo 
2.37 (IQR = 2.275 to 2.445) for pioglitazone group (P = 
0.038).

CONCLUSION
Treatment with pioglitazone accentuates probability of 
compressive neuropathy. In spite of comparable glycemic 
control over 3 mo, patients treated with pioglitazone 
showed superior electrophysiological parameters for the 
ulnar nerve. Pioglitazone has favourable outcome in nerve 
electrophysiology which was repealed when the nerve 
was subjected to compressive neuropathy.

Key words: Pioglitazone; Adipocytes; Diabetes mellitus; 
Neuropathy; Carpal tunnel
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Core tip: Significant findings of the study: (1) Non-
pioglitazone group showed favourable outcome in 
amplitude in the sensory and motor median nerve, and 
aggravation of terminal latency of motor ulnar nerve; and 
(2) Pioglitazone group showed favourable outcome of 
terminal latency in sensory ulnar nerve. What this study 
adds: (1) Pioglitazone has beneficial effect on nerve 
electrophysiology; and (2) The beneficial effect is nullified 
by the higher risk of compressive neuropathy conferred. 
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INTRODUCTION
The carpal tunnel is a fibro-osseous space in the wrist, 
bound anteriorly by the transverse carpal ligament and 
posteriorly by the pisiform and tubercle of scaphoid in the 
proximal part; and the tubercle of trapezoid and hook of 
hamate in the distal part[1]. Nine digital flexor tendons 
and the motor and sensory divisions of the median nerve 
pass through it, which also contains small amounts of 

adipose tissue. Pioglitazone, a peroxisome proliferator 
activator receptor gamma (PPAR-γ) agonist, is an oral 
antidiabetic agent. In recent years, however, the use 
of pioglitazone is somewhat decreasing in patients with 
type 2 diabetes due to its adverse effects including 
edema, heart failure, bone fractures and the possible risk 
for bladder cancer. Animal studies have demonstrated 
the conversion of pre-adipocytes to adipocytes under 
the influence of pioglitazone, although the mechanisms 
continue to remain elusive[2,3]. In confined spaces like the 
orbit, this action has been known to cause compressive 
symptoms in a subgroup of patients. The incidence is 
higher when there is associated thyroid disease[4]. The 
algorithms available for clinical and electro-diagnostic 
evaluation of carpal tunnel syndrome (CTS) continue 
to evolve. After assessment by standard tests (viz. 
“distal median motor latency”, “antidromic sensory 
recording from median nerve”), CTS can be diagnosed 
and classified by severity from “extreme” to “mild”[5]. 
For the “distal median motor latency” test, “onset motor 
latency > 4.2 milliseconds is abnormal”, so also is a 
“compound muscle action potential (CMAP) amplitude 
< 5 mV”[6]. Extreme CTS cases are further evaluated 
by motor comparison study. In positive cases, needle 
electromyography is imperative[5]. 

Accordingly, CTS can be electro-diagnostically grou-
ped into 5 grades, as follows: “Grade 1 - Very mild CTS - 
normal standard tests and abnormal comparative tests; 
Grade 2 - Mild CTS - abnormal sensory with a normal 
motor response; Grade 3 - Moderate CTS - abnormal 
median sensory and motor response; Grade 4 - Severe 
CTS -absence of sensory response and abnormal distal 
motor latency; Grade 5 - Extreme CTS - absence of 
median motor and sensory responses”[7,8].  

We felt that as the carpal tunnel was a closed space 
with the presence of fatty tissue, it was possible that 
treatment with pioglitazone could decelerate nerve 
conduction of the median nerve. In order to generate 
this hypothesis we measured “terminal latency” and 
“amplitude” of the motor and sensory divisions of the 
median nerve over a fixed distance spanning the wrist 
and covering the carpel tunnel in patients of type 2 
diabetes. This was done at baseline and after 3 mo in 
two matched groups of type 2 diabetes patients, one on 
treatment with pioglitazone and the other without.

MATERIALS AND METHODS
A single centre, prospective, comparative case-series 
was studied between June 2012 and September 2012 
at a tertiary care institute in Kolkata. The study subjects 
comprised of patients with type 2 diabetes mellitus aged 
between 18 and 65 years attending the diabetic clinic, 
treated with oral anti-diabetic agents and complying to 
undergo electrophysiological testing by nerve conduction 
velocity (NCV) study at two time points, once at the 
baseline and later at a gap of 3 mo. Female patients 
were eligible to participate if they were non-pregnant 
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and willing to adopt standard contraceptive methods 
over the next 6 mo. The exclusion criteria were clinical 
evidence of neuropathy or nephropathy, poor control of 
diabetes as defined by a glycated hemoglobin (HbA1c) 
over 9% (75 mmol/mol); current treatment with insulin 
or likelihood of insulin treatment over the next 6 mo; 
electrophysiologically evident CTS, contraindication to 
pioglitazone use; myocardial infarction in the last 6 mo; 
and presence of other causes of CTS like rheumatoid 
arthritis, untreated hypothyroidism and pregnancy. For 
the median nerve, distal motor latency of Abductor 
pollicis brevis was measured by stimulating 3 cm above 
distal wrist crease. For the ulnar nerve Distal motor 
latency of Abductor digiti minimi was measured by 
stimulating 3 cm above distal wrist crease with elbow 
flexed at 90°. NCV evaluation was performed at baseline 
and 3 mo. The authors feel that NCV evaluation at 3 
mo increases the sensitivity of diagnosing early and 
asymptomatic CTS.

The electro-diagnostic criteria for CTS used in our 
study were as follows: (1) Distal median motor latency 
> 4.2 ms; (2) Difference between distal motor latency 
of median and ulnar nerve > 1.1 ms; (3) Difference 
between distal sensory latency of median nerve and 
ulnar nerve > 0.2 ms; (4) Difference between median 
and ulnar sensory latency on stimulating fourth digit and 
recording from wrist at equal distance > 0.2 ms; (5) 
Difference between median and ulnar sensory latency 
on stimulating thumb and recording from wrist at equal 
distance > 0.4 ms; and (6) Palm wrist conduction: 
Difference between median and ulnar sensory latency 
across 8 cm > 0.4 ms.

After a run in period of 1 mo, the HbA1c was 
reassessed. Those with HbA1c over 7.5% (58 mmol/mol) 
were excluded from further study. The patients had 
their diabetes controlled on oral agents and belonged to 
either pioglitazone (Group 1) or non-pioglitazone group 
(Group 2) depending on whether they were receiving 
the drug as a part of their current therapy. Patients 
with electrophysiological evidence of CTS on NCV were 
excluded from further study (n = 34) and were labeled 
as Group 3. The remaining patients, 14 each in Groups 
1 and 2, were requested to continue their usual diabetes 
treatment and were seen in the clinic every 6 wk, when 
fasting and 2 h post prandial blood sugar (FBS and 
PPBS) were checked and a clinical evaluation performed. 
At the end of 3 mo, HbA1c level was re-estimated.  The 
NCV study was repeated at the end of 3 mo. All the 
electrophysiology studies were done by the same 
observer who was not aware of the treatment status, 
and the parameters studied were terminal latency and 
amplitude in the motor component of left median nerve 
between the elbow and the wrist (L-M-motor-ew-TL and 
L-M-motor-ew-Amp), and also the sensory component 
of the same (L-M-sensory-TL and L-M-sensory-Amp); the 
terminal latency and amplitude in the motor component 
of left ulnar nerve across the wrist (L-U-motor-aw-TL and 
L-U-motor-aw-Amp), and also the sensory component of 
the same (L-U-sensory-TL and L-U-sensory-Amp).

Data have been summarized by routine descriptive 
statistics, and key proportions expressed with their 
95%CI. Since the number of patients in each group was 
14, non-parametric tests have been used for both inter-
group and intra-group comparisons of all parameters 
studied. Numerical variables were compared between 
groups by Mann-Whitney U test. Categorical variables 
were compared between groups by Fisher’s exact test. 
χ 2 test for trend analysis was used where applicable. 
Median values [with interquartile range (IQR)] of age, 
all parameters of electrophysiological assessment in 
NCV and HbA1c over time were analyzed for statistically 
significant change by Wilcoxon matched pairs signed 
rank sum test. Median FBS and PPBS values over time 
were assessed for statistically significant change by 
Friedman’s analysis of variance (ANOVA) with “Dunn’s 
multiple comparison test” as post hoc test. All analyses 
were two-tailed and P < 0.05 was considered statistically 
significant. Statistical Version 6 (Tulsa, Oklahoma: 
StatSoft Inc., 2001) and GraphPad Prism version 4 
(San Diego, California: GraphPad Software Inc., 2005) 
software were used for analysis. The statistical review of 
the study was performed by a biomedical statistician.

RESULTS
Data of all the 28 patients without electrophysiological 
evidence of CTS on NCV were analyzed. As illustrated in 
Table 1, demography, duration of diabetes and baseline 
characteristics was comparable in the two groups[9]. 

At the end of 3 mo, Group 1 patients had higher 
median amplitude in the sensory component of left 
median nerve [Group 2 8.5 (IQR = 6.5 to 11.5) vs 
Group 1 14.5 (IQR 10.5 to 18.75)] (P = 0.002) (Figure 
1). There was improvement in median amplitude in the 
sensory component of left median nerve [Baseline 13 
(IQR = 9 to 16.25) vs 3 mo 8.5 (IQR = 6.5 to 11.5)] for 
Group 2 patients) (Figure 1). In the same group, there 
was improvement in median amplitude in the motor 
component of left median nerve [baseline 9 (IQR = 4.75 
to 11) vs 3 mo 6.75 (IQR = 4.75 to 10.25)] (P = 0.049) 
(Figure 2). Higher amplitude indicated greater delay in 
nerve conduction[9].

The HbA1c values at the end of 3 mo were com-
parable between groups (P = 0.809), but the piog-
litazone group showed improvement {baseline value: 
7.1% (54 mmol/mol) [IQR = 6.2% (44 mmol/mol) 
- 7.8 % (62 mmol/mol)] to 3 mo value: 6.3% (45 
mmol/mol) [IQR = 6% (42 mmol/mol) - 6.8% (51 
mmol/mol)]} (P = 0.002). The FBS and PPBS values 
were comparable between Groups 1 and 2 at all time-
points (data on file, not shown). There was worsening 
of median terminal latency of the motor component of 
left ulnar nerve [baseline 2.07 (IQR = 1.92 to 2.25) vs 
3 mo 2.16 (IQR = 1.97 to 2.325) for Non pioglitazone 
group] (P = 0.043) (Figure 3). There was improvement 
of median terminal latency in the sensory component 
of left ulnar nerve [baseline 2.45 (IQR = 2.315 to 2.88) 
vs 3 mo 2.37 (IQR = 2.275 to 2.445) for pioglitazone 
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group] (P = 0.038) (Figure 4). Higher terminal latency 
indicates greater delay in nerve conduction. None of the 
patients developed symptoms of CTS at the end of 3 
mo[9].

DISCUSSION
Pioglitazone is widely used in the pharmacotherapy of 
type 2 diabetes mellitus. Luciferase reporter assay has 
confirmed that pioglitazone stimulates preadipocyte 
multiplication by augmenting S and G(2)/M cell-cycle entry 
by amplifying the effect of PPARγ on cyclin-dependent 
kinase inhibitors by engaging 3T3-L1 preadipocytes, 
especially with p16(Ink4a) (p16) centered[2]. Preclinical 
studies show that pioglitazone produces an increase 
in subcutaneous adipocyte surface and whole body 
adipocity[10,11]. Although mature visceral adipocytes have 

a greater propensity to proliferate than subcutaneous 
adipocytes, it is the latter that proliferates following 
pioglitazone treatment[12,13].

Preadipocyte cell lines like  3T3-L1 and 3T3 F442A  
manifest miniscule quantum of PPAR-γ, but markers 
of late differentiation, such as aP2, PEPCK, and CAAT/
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Figure 1  Amplitude in sensory component of Left Median nerve at baseline 
and 3 mo (Shaded bar: Pioglitazone arm; White bar: Non pioglitazone arm). 
aP = 0.496, cP = 0.002 (Mann-Whitney U Test); fP = 0.01 (Wilcoxon matched pairs 
signed rank sum test). L-M-sensory-Amp: Amplitude in sensory component of Left 
Median nerve.
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Figure 2  Amplitude in motor component of Left Median nerve in the segment 
between elbow and wrist at baseline and 3 mo (Shaded bar: Pioglitazone; 
White bar: Non pioglitazone arm). aP = 0.049, cP = 0.964 (Wilcoxon matched 
pairs signed rank sum test). L-M-motor-ew-Amp: Amplitude in motor component of 
Left Median nerve in the segment between elbow and wrist.
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Figure 3  Terminal Latency in motor component of Left Ulnar nerve across 
wrist at baseline and 3 mo (Shaded bar: Pioglitazone; White bar: Non 
pioglitazone arm). aP = 0.043, cP = 0.055 (Wilcoxon matched pairs signed rank 
sum test). L-U-motor-aw-TL: Terminal Latency in motor component of Left Ulnar 
nerve across wrist.

Table 1  Baseline demographic and clinical summary of the 
study subjects

Pioglitazone 
(n  = 14)

Non-pioglitazone 
(n  = 14)

P  value

Gender (male:female) 7 (50%):7 (50%) 6 (42.86%):8 (57.14%) 1
Age (yr) 42 (35.5-52.5) 46 (42.75-51.75) 0.333
Diabetes duration (yr) 2 (1-5) 5.5 (2.75-10.25) 0.072
L-M-motor-ew-TL 3.5 (3-4) 3 (3-4) 0.756
L-M-motor-ew-Amp 6.5 (4.75-10.25) 9 (4.75-11) 0.431
L-M-sensory-TL 2 (2-3) 3 (2-3) 0.575
L-M-sensory-Amp 12 (9.75-26.5) 13 (9-16.5) 0.496
L-U-motor-aw-TL 3 (2-3) 2 (2-3) 0.264
L-U-motor-aw-Amp 5 (4-5.5) 5 (4-7) 0.796
L-U-sensory-TL 2 (2-2) 2 (2-2) 0.317
L-U-sensory-Amp 13.5 (9-19) 14 (7.75-17.25) 0.679
HbA1c 7.1 (6.2-7.8) 6.6 (6.25-7.25) 0.654

Values are stated as median (interquartile range). Counts are provided 
for gender distribution. P values in the last column are from intergroup 
comparison by Fisher’s exact test (for gender), Mann-Whitney U test 
(for other variables). L-M-motor-ew-TL: Terminal latency in the motor 
component of left median nerve between the elbow and the wrist; L-M-
motor-ew-Amp: Amplitude in the motor component of left median nerve 
between the elbow and the wrist; L-M-sensory-TL: Terminal latency in the 
sensory component of left median nerve between the elbow and the wrist; 
L-M-sensory-Amp: Amplitude in the sensory component of left median 
nerve between the elbow and the wrist; L-U-motor-aw-TL: Terminal 
latency in the motor component of left ulnar nerve across the wrist; L-U-
motor-aw-Amp: Amplitude in the motor component of left ulnar nerve 
across the wrist; L-U-sensory-TL: Terminal latency and amplitude in the 
motor component of left ulnar nerve across the wrist; L-U-sensory-Amp: 
Amplitude in the motor component of left ulnar nerve across the wrist; 
HbA1c: Glycated hemoglobin.
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enhancer binding protein (C/EBP a) is preceded by 
PPAR-γ[14,15]. Thiozolidinediones (TZD), Wy-14643 and 
ETYA assist the transformation of preadipocytes into 
adipocytes[16-19]. Lipid-laden fibroblasts show high PPAR-γ 
expression in diverse fibroblastic lineage (e.g., NIH-3T3, 
BALB/c-3T3, Swiss-3T3)[20]. Adipocyte deposition is a 
well established pathology in certain metabolic disorders 
like obesity and it has been shown in pre-clinical studies 
that PPAR activators promote differentiation of G8 
myoblastic cells or transfected C2C12 myoblasts into 
adipocytes[21-23].  Similarly, TZD can differentiate bone 
marrow stromal cells into adipocytes, analogous to 
inappropriate adipogenesis that can occur in canine 
bone marrow[24,25]. The c-Cbl-associated protein (CAP) 
potentiates the phosphorylation of cCbl protooncogene 
in mature adipocytes, and its expression is accentuated 
by TZD[26,27]. 

A multitude of mechanisms have been put forward 
as the foundation of diabetic polyneuropathy, and 
therapeutic trials have evaluated the polyol pathway, the 
advanced glycation end product, protein kinase C, poly 
ADP-ribose polymerase, and aldose reductase[28,29]. The 
main pathophysiology is an escalation in hyperglycemia 
induced oxidative stresses and the impairment of anti-
oxidative mechanisms in diabetic polyneuropathy[30]. 
TZDs can attenuate oxidative stresses and inflammatory 
responses[31]. Based on these effects, the neuroprotective 
potential of TZD treatment was investigated in an 
animal model. These reports explain the neuroprotective 
effect of TZD by diverse effects of PPAR c agonist like 
TNF-α inhibition and IL-6, suppressed protein kinase 
C (PKC) activity with diminished PKC-alpha in addition to 
insulin sensitization[32-35]. 

In spite of these available data, the clinical impact 
of this effect of pioglitazone in human subjects has 
not been studied in detail. Anecdotal data exist about 
compressive symptoms produced by pioglitazone in the 
orbit[4].  A search undertaken by us in “PubMed” using 

keywords viz. “pioglitazone”, “carpal tunnel”, “compressive 
neuropathy” yielded no published studies on the effect of 
pioglitazone therapy on the carpal tunnel. Our study was 
conceived to address this lacuna in medical literature.

In this case series we evaluated the electro-
physiological changes in the left median nerve in the 
carpal tunnel, in two groups, one receiving pioglitazone 
and the other not. Both groups received other oral 
antidiabetic agents, had similar baseline characteristics 
and achieved similar glycemic control. The ulnar nerve 
passes superficial to the tunnel in the Guyon’s canal, so 
the left ulnar nerve was also evaluated to assess, the 
effect of metabolic changes on neural electrophysiology 
outside the carpal tunnel. It is well known that there 
is significant association between electrophysiological 
parameters and metabolic control in diabetes[36]. The 
FBS, PPBS and HbA1c were also studied in both the 
groups to assess whether the changes in diabetes 
control had an impact on the electrophysiological results 
in the groups.

We found that a majority, 34 out of 62 (54.84%) 
of the patients with type 2 diabetes, who underwent 
NCV testing, although asymptomatic, had electro-
physiologically proven CTS. This was in conformity 
to earlier studies, that demonstrated similarly high 
prevalence of asymptomatic CTS among patients with 
diabetes[12]. 

There was improvement in the amplitude in both 
motor and sensory components of the median nerve 
in the non-pioglitazone group at 3 mo. The latter also 
had electrophysiologically better amplitude in the sen-
sory component of the median nerve compared to 
pioglitazone group. In the non-pioglitazone group, 
there was worsening of terminal latency in the motor 
component of the ulnar nerve, and improvement in the 
terminal latency of the sensory component in the piog-
litazone group. Pioglitazone has favourable effect on 
nerve electrophysiology which was repealed when the 
nerve was exposed to compressive neuropathy.

This study had its share of limitations. The sample 
size is 28 and the observation period was limited to 3 
mo in this open label study. However it does generate 
the hypothesis that patients on pioglitazone are at risk 
of compressive neuropathy, the pathogenesis of which 
is established. We were intrigued by the finding that 
in spite of comparable glycemic control over 3 mo, 
patients treated with pioglitazone showed superior 
electrophysiological parameters for the ulnar nerve. 
The high prevalence of asymptomatic CTS in Indian 
patients, as found by us, is a novel finding. We are yet 
to encounter a similar result in published literature. 
Further studies, ideally randomized controlled trials, are 
needed to establish the role of pioglitazone in diabetic 
neuropathy and test our hypothesis.
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amounts of adipose tissue. In preclinical studies, pioglitazone, a peroxisome 
proliferator activator receptor gamma agonist, has been shown to convert pre-
adipocytes to adipocytes, although the mechanisms continue to remain elusive. 
This action has been known to cause compressive symptoms in confined 
spaces like the orbit in a subgroup of patients. As the carpal tunnel was a 
closed space with the presence of fatty tissue, it is possible that treatment with 
pioglitazone could cause delay in the nerve conduction of the median nerve. In 
order to generate this hypothesis the authors measured terminal latency and 
amplitude of the motor and sensory components of the median nerve over a 
fixed distance spanning the wrist and covering the carpel tunnel in patients of 
type 2 diabetes, at baseline and after 3 mo, in two matched groups of type 2 
diabetes patients, one on treatment with pioglitazone and the other without. 

Research frontiers
Pioglitazone has been shown to augment pre-adipocyte proliferation, 
possibly as a result of cell cycle promoting effect through downregulation 
of p16(lnk4a) via PPAR. Pioglitazone has also been shown to produce an 
increase in subcutaneous adipocyte surface. Preclinical studies in rodents 
have demonstrated that pioglitazone increases whole body adipocity. Although 
mature visceral adipocytes have a greater propensity to proliferate than 
subcutaneous adipocytes, it is the latter that proliferates following pioglitazone 
treatment. In spite of these available data, the clinical impact of this effect of 
pioglitazone in human subjects has not been studied in detail. Anecdotal data 
exist about compressive symptoms produced by pioglitazone in the orbit.  A 
search undertaken by us in “PubMed” using keywords viz. “pioglitazone”, “carpal 
tunnel”, “compressive neuropathy” yielded no published studies on the effect of 
pioglitazone therapy on the carpal tunnel. The study was conceived to address 
this lacuna in medical literature.

Innovations and breakthroughs
A  majority, 34 out of 62 (54.84%) of the patients with type 2 diabetes, who 
underwent NCV testing, although asymptomatic, had electrophysiologically 
proven carpal tunnel syndrome. This was in conformity to earlier studies, that 
demonstrated similarly high prevalence of asymptomatic CTS among patients 
with diabetes. There was improvement in the amplitude in both motor and 
sensory components of the median nerve in the non-pioglitazone group at 3 
mo. The latter also had electrophysiologically better amplitude in the sensory 
component of the median nerve compared to the pioglitazone group. In the 
non-pioglitazone group, there was worsening of terminal latency in the motor 
component of the ulnar nerve, and improvement in the terminal latency of the 
sensory component in the pioglitazone group. Pioglitazone thus appeared to 
have a beneficial effect on nerve electrophysiology which was nullified when the 
nerve was exposed to entrapment neuropathy. However it does generate the 
hypothesis that patients on pioglitazone are at risk of compressive neuropathy, 
the pathogenesis of which is established. The authors were intrigued by the 
finding that the ulnar nerve showed better electrophysiological parameters 
in patients who received pioglitazone, although the glycemic control of these 
patients was similar to those not on pioglitazone. The high prevalence of 
asymptomatic CTS in Indian patients, as found by the authors, is a novel 
finding. The authors are yet to encounter a similar result in published literature. 
Further studies, ideally randomized controlled trials, are needed to establish the 
role of pioglitazone in diabetic neuropathy and test the authors’ hypothesis.

Applications
The study generates the hypothesis that patients on pioglitazone are at risk of 
compressive neuropathy, the pathogenesis of which is established. The high 
prevalence of asymptomatic CTS in Indian patients, as found by the authors, is 
a novel finding. Further studies, ideally randomized controlled trials, are needed 
to establish the role of pioglitazone in diabetic neuropathy and test the authors’ 
hypothesis.

Terminology
L-M-motor-ew-TL: Terminal latency in the motor component of left median nerve 
between the elbow; L-M-motor-ew-Amp: Amplitude in the motor component of 
left median nerve between the elbow and the wrist; L-M-sensory-TL: Terminal 
latency in the sensory component of left median nerve between the elbow 
and the wrist; L-M-sensory-Amp: Amplitude in the sensory component of left 
median nerve between the elbow and the wrist; L-U-motor-aw-TL: Terminal 

latency in the motor component of left ulnar nerve across the wrist; L-U-motor-
aw-Amp: Amplitude in the motor component of left ulnar nerve across the wrist; 
L-U-sensory-TL: Terminal latency in the sensory component of left ulnar nerve 
across the wrist; L-U-sensory-Amp: Amplitude in the sensory component of left 
ulnar nerve across the wrist. 

Peer-review
This is an interesting and well-performed study that reports novel findings 
regarding the effects of pioglitazone on peripheral nerves and on carpal tunnel 
syndrome pathogenesis in patients with type 2 diabetes mellitus. The methods 
are appropriate and the results are clearly presented.
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