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Introduction
The prevalence of type 2 diabetes and prediabetes i.e. impaired 

fasting glucose (IFG) and impaired glucose tolerance (IGT) is increasing 
in developed and developing countries [1]. Early identification and 
treatment of persons with prediabetes have the potential to reduce or 
delay the progression to diabetes [2-6]. 

Presently, diabetes and prediabetes are diagnosed by cutoff levels 
on the basis of blood glucose or HbA1c levels [7,8]. There is a need 
to diagnose subjects with high risk for diabetes at an earlier stage 
using a simple, non-invasive, sensitive, quick and inexpensive tool. 
Measurement of AUCinsulin or AUCglucose during frequently sampled oral 
glucose tolerance test (FSOGTT) has been proposed for early diagnosis 
of people at risk [9,10]. Small autonomic fiber neuropathy results in 
decreased sudomotor response and atrophy of the sweat glands. It 
can begin early in prediabetes or metabolic syndrome [11,12]. The 
American Diabetes Association suggests that sudomotor function 
assessing small fiber status should be included in the diagnostic tests for 
the detection of neuropathies in diabetes [13]. However lack of simple 
and quick method has not allowed widespread use of the sudomotor 

function as a screening tool for diabetic neuropathies. EZSCAN, a new 
device recently developed to allow a precise evaluation of sweat gland 
function based on sweat chloride concentrations has been shown to 
detect sudomotor dysfunction in people with diabetes or prediabetes 
when compared to controls [14,15].

The aim of this follow-up study performed in subjects classified 
as NGT by an initial OGTT was to determine and compare the 
performance of EZSCAN with HbA1C and fasting plasma (FPG) to 
predict future abnormalities in AUCglucose and AUCinsulin diagnosed 
during an FSOGTT performed 8 months later.

Patients and Methods

Study population

The study was done during January-July 2009 in 3 diabetes centers 
in Chennai, India. The study protocol, patient information details 
and informed consent form were approved by the Institutional Ethics 
Committee.
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Abstract
Aims: This study done in subjects with an initial normal glucose tolerance (NGT) was to assess the ability of 

EZSCAN, a new device developed to evaluate sudomotor function, to predict future abnormalities in glucose tolerance.

Methods: South Asian (Indian) subjects (n= 69, 48% male, mean age 42 ± 9 years, mean BMI 28 ± 5 kg/m2) 
diagnosed as NGT with a previous oral glucose tolerance test (OGTT, T0) underwent a frequently sampled OGTT 
(FSOGTT), 8 months later (T8). At both times EZSCAN tests were done. Using the AUCglucose and AUCinsulin measured by 
the FSOGTT, subjects were categorised as normal, high AUCinsulin or isolated high AUCglucose. Odds ratio (OR) for having 
high AUCinsulin or isolated high AUCglucose vs normal was computed by logistic regression analysis using EZSCAN risk 
classification at T0 as independent variable (<50%= normal, no risk, 50-65%= intermediate risk and >65%=high risk).

Results: At T8, 11 and 5 subjects developed impaired glucose tolerance and diabetes respectively. OR of having 
high AUCinsulin or isolated high AUCglucose in the different risk groups was 6.19 (CI 95% 1.50 – 25.48, p = 0.0116) for high 
risk vs no risk and 3.0 (CI 95% 0.98 – 9.19, p = 0.0545) for intermediate risk vs no risk. Sensitivity of EZSCAN for early 
detection of these abnormalities in glucose tolerance was 77% while it was 14% for fasting plasma glucose and 66% 
for HbA1C.

Conclusions: Assessment of sudomotor function by EZSCAN, a sensitive method when compared with the con-
ventional methods may be very useful to identify and manage subjects at risk for developing glucose intolerance. 
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Subjects who were involved in a previous study and had NGT on 
initial OGTT (Time 0, T0) were asked to participate in an 8 months 
follow-up study [15]. Out of the 158 NGT subjects 69 (44%) consented 
to participate and to undergo a FSOGTT in the 8 month follow-up 
study (Time 8 months, T8). Anthropometric measurements and blood 
pressure (once after 10 min rest in supine position) were recorded at 
T8 (Table 1). 

EZSCAN measurement 
The new EZSCAN™ device (Impeto Medical, Paris, France) is 

designed to perform a precise evaluation of sweat gland function 
based on sweat chloride concentrations using reverse iontophoresis 
and chronoamperometry [14]. Measurements are performed where 
sweat glands are most numerous on the palms of the hands and soles 
of the feet. Large area nickel electrodes are used alternatively as an 
anode or a cathode and a direct current (DC) incremental voltage ≤ 4 
volts is applied on the anode. This DC through reverse iontophoresis 
induces a voltage on the cathode and generates a current (intensity of 
about 0.2 mA) between the anode and the cathode, related to chloride 
concentration. At low active direct current, the stratum corneum of 
the skin constitutes an electrical barrier which prevents any other way 
of liquid extraction as shown in the Chizmadzhev model [16]. The 
electrochemical phenomena are measured by two active electrodes (the 
anode and the cathode) successively in the two regions, whilst the two 
other passive electrodes allow retrieval of the body potential. Contrarily 
to the methods based on impedancemetry used to evaluate the body 
composition, for example, in this method the current is a direct current 
and not an alternating one; it is based on an electrochemical reaction 
and not only on electrical properties.

The apparatus consists of two sets of electrodes for the hands 
and the feet, all of which are connected to a computer for recording 

and data management purposes (Figure 1). To conduct the test, the 
patients are required to place their hands and feet on the electrodes. 
The patients are then required to stand still for 2 minutes. During the 
test 6 combinations of 15 different low DC voltages are applied. No 
special patient preparation is required and a medical personnel training 
is short and easy. The data, namely electrochemical skin conductance 
(ESC) in hands and feet are displayed instantaneously on a standard 
PC computer in the form of a scale which classifies the subjects in three 
colors according to an increasing risk for impaired glucose metabolism 
(green, yellow, orange/red). The green color is defined as normal 
sudomotor function with no risk (scale <50%), the yellow color by a 
moderate disturbance in sudomotor function with an intermediate risk 
(scale 50-65%); orange–red=high by a high disturbance in sudomotor 
function with a high risk (scale >65%). All data were analyzed by a 
person who was blinded to other data of the participants involved in 
the study.

Laboratory assessment

All 69 participants had FSOGTT [17] at T8 with measurement of 
glucose and insulin plasma levels following a 75g glucose load. Their 
baseline demographic, anthropometric and biochemical characteristics 
(Table 1) were similar to that of subjects classified as NGT in the previous 
study and that did not want to be involved in this following study (n=89) 
[13]. Blood samples were drawn at 10 time points for 3 hours (15 min 
before, 0, 10, 25, 45, 75, 100, 120, 150 and 180 min after glucose intake). 
Plasma glucose and corresponding insulin values were measured in a 
central laboratory. Plasma glucose was measured by glucose–oxidase 
peroxidase method. Insulin was measured using chemiluminiscence 
Immunoassay (Centaur Kit, Advia Centaur) [18]. Based on glucose 
values of FSOGTT, subjects were classified as NGT (2h plasma glucose 
(2h-PG) < 7.8 mmol/l), IGT (2h-PG ≥ 7.8 mmol/l and < 11.0 mmol/l) 

                                                         2h-PG
FSOGTT Normal glucose tolerance Impaired glucose tolerance Diabetes Mellitus Total

n % n % n % n %
Normal 33 62 1 9 0 -- 34 49
High AUCinsulin 12 23 3 27 0 -- 15 22
High AUCglucose 8 15 7 64 5 100 20 29
Total 53 11 5 69

Table 1: Comparison between the 2h-PG for glucose tolerance (NGT, IGT and DM) and plasma insulin levels during FSOGTT (normal, high or low) performed at T8.

# p<0.05 for global comparison
*Measurements performed at T0 (all other measurements were performed at T8)
Normal: AUCglucose < 960 mmol/l.mn and AUCinsulin <= 75500 pmol/l.mn ; High isolated AUCglucose >= 960 mmol/ l.mnl and AUCinsulin <= 7 5500 pmol/ l.mn;  High AUCinsulin > 
75500 pmol/ l.mn
a – Compared with normal

Table 2: Characteristics of patients at T0 and T8 classified according to plasma insulin and glucose during FSOGTT at T8.

All (n=69) Normal (n=34) High AUCinsulin (n=15) High AUCglucose (n=20)
Gender, Male n (%) 32 (46%) 17 (50%) 8 (53%) 8 (40%)
AGE (yrs) 42.0 ± 9.0 40.5 ± 8.5 41.5 ± 10.3 44.9 ± 8.5
BMI (kg.m-2) 28.1 ± 5.0 27.5 ± 4.2 26.6 ± 3.9 30.2 ± 5.8
SBP (mmHg) 121.5 ± 10.6 119 ± 11.9 122.1 ± 10.0 125.6 ± 7.6
DBP (mmHg) 79.6 ± 6.4 78.4 ± 7.0 79.1 ± 6.1 82.1 ± 5.1
FPG (mmol/l)*# 4.2 ± 0.8 4.2 ± 0.7 4.9 ± 0.9 4.1 ± 0.9

2h-PG (mmol/l)* 5.6 ± 1.8 5.5 ± 0.9 5.6 ± 0.9 5.8 ± 0.9

HbA1C (%)*# 5.9 ± 0.5 5.7 ± 0.4 5.7 ± 0.5 6.2 ± 0.6a

Total cholesterol* mg/dl 192.1 ± 32.5 186 ± 32.1 189 ± 37.5 204.5 ± 27.1
HDL-C* mg/dl 44.2 ± 9.1 43.9 ± 9.1 41.6 ± 11.7 46.6 ± 6.4
LDL-C* mg/dl 123.7 ± 32.4 115.6 ± 34 125.3 ± 30.8 136.1 ± 27.9
Triglycerides* mg/dl 153.6 ± 85.5 150.6 ± 82.4 146.7 ± 87.6 163.9 ± 92.5
1st degree family history of diabetes n (%) 63 (91%) 30 (88%) 13 (87%) 20 (100%)
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or diabetes mellitus (DM) (fasting plasma glucose (FPG) > 7 mmol/l 
and/or 2h-PG ≥ 11.0 mmol/l). According to glucose and insulin AUC0-

120 min as measured during FSOGTT (area under the curve between 0 and 
120 min), subjects were classified in three groups: normal (AUCglucose 
< 960 and AUCinsulin <= 75500), high AUCinsulin (AUCinsulin > 75500) or 
high isolated AUCglucose (AUCglucose ≥ 960 and AUCinsulin ≤75500). HbA1C 
was measured at T0 by HPLC (BIORAD). Fasting serum lipids (total 
cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-C) 
and low-density lipoprotein cholesterol (LDL-C) were measured at T0 
by standard enzymatic procedures. 

Statistical analyses

Results for quantitative variables are shown as mean ± SD. Group 
means were compared by analysis of variance. Chi-square test was 
used for the comparisons of proportions. Logistic regressions were 
used to analyse the relation between the 2h-PG and the different 
levels of FSOGTT diagnosis at T8. The fit of the model was good and 
convergence criteria were met. As a rule, a p-value < 0.05 was regarded 
as statistically significant. The statistical analysis was done using R 2.9.2 
with ROCR package [19,20].

Results 
Among the 69 subjects all NGT at T0, 11 were classified as IGT 

and 5 as patients with diabetes according to the FSOGTT at T8 (Table 
1). Among the 53 subjects still classified as NGT at T8, 12 had high 
AUCinsulin and 8 had high isolated AUCglucose during FSOGTT (Table 1).

None of the three most widely used parameters to screen for 
diabetes (FPG, HbA1c, 2h-PG) was significantly different between 
patients with normal or high AUCinsulin groups, while only FPG and 
HbA1c values were significantly higher in patients with high AUCglucose 
when compared to normal (Table 2). There was no significant difference 
in 2h-PG values between the 3 groups.

Comparing the results of the EZSCAN at T0 with the FSOGTT 
at T8, 81% of the subjects with an abnormal 2h-PG (11 with impaired 
glucose tolerance and 5 with diabetes) had a score >50%. Therefore, 
the sensitivity of EZSCAN to detect future IGT or diabetes according 
to 2h-PG performed 8 months later was 81%. Among the 26 subjects 
with a EZSCAN score <50% at T0, 88% were still NGT according to 
the 2h-PG at T8. 73% of the 15 subjects with score >65% had high 
AUCglucose or high AUCinsulin 8 months later while 69% of the subjects 
with <50% reading had normal AUCglucose or AUCinsulin (Table 3). The 
Odds Ratios (OR) to have high AUCglucose or high AUCinsulin 8 months 
later in the different EZSCAN classification groups were 6.19 for 
orange + red vs green (CI 95% 1.50 – 25.48, p = 0.0012), and 3.0 for 
yellow vs. green (CI 95% 0.98 – 9.19, p = 0.055). 

The diagnostic sensitivity for predicting high AUCglucose or high 
AUCinsulin from FSOGTT 8 months later for EZSCAN (cut off 50% on 
the scale), FPG (>5.6mmol/l), and HbA1c (>5.7%) were 77%, 14% and 
66% respectively while the corresponding specificities were 53%, 94% 
and 41%. 

Discussion 
This prospective study performed in subjects classified as NGT by 

an initial OGTT showed that EZSCAN, a simple noninvasive test for 
assessment of sudomotor function was able to predict IGT or DM 8 
months later with a sensitivity of 81%. Its sensitivity to predict high 
values for AUCglucose or AUCinsulin was 77% while it was 14% and 66% for 
FPG or HbA1c.

The high conversion rate of NGT subjects to IGT or DM: 16 out 
of 69 subjects (23%) observed in a short period of 8 months might be 
explained by the fact that south Asians have rapidly rising prevalence 
of diabetes [21,22]. Indian Diabetes Prevention Programme – 1 (IDPP-
1) had shown a rapid conversion rate for IGT to diabetes in 3 years, in 
control subjects without intervention [5]. It can be also explained by the 
recruitment of subjects from diabetes centers. More than 90 % of the 
participants had 1st degree family history of diabetes: with a high risk 
for diabetes they could have sought medical check-up in these centres. 

The classification for EZSCAN at T0 in these subjects that were 
all NGT was first compared with the fasting or 2h-PG results of the 
OGTT at T8. The glucose tolerance assessment has been shown to be 
a non reproducible test with low sensitivity for assessing the evolution 
of diabetes [23]. As high values in AUCglucose or AUCinsulin precede the 
occurrence of abnormalities detectable by classical glucose tolerance 
tests it seems important to compare EZSCAN results at T0 to AUCglucose 
or AUCinsulin at T8 [24,25]. Disturbances in sudomotor dysfunction were 
evidenced at T0 while low modification was observed in FPG or HbA1C. 
When compared to EZSCAN sensitivity of FPG to predict further 
disturbance in AUCglucose or AUCinsulin was low with high specificity, 
while sensitivity and specificity of HbA1C were a little smaller. Several 
studies performed with different methods have shown that sudomotor 
dysfunction due to small-fiber injury may develop early in diabetes and 
can be detected even in persons with IGT [11, 12]. Neural impairment 

EZSCAN score 
at T0

EZSCAN score at T8 FSOGTT at T8
>65% 50-65% <50% High AUCgluocse or AUCinsulin Normal

>65% 15 15 0 0 11 4
50-65% 28 10 14 4 21 7
<50% 26 6 9 11 8 18

Table 3: Results of EZSCAN follow-up.

Figure 1: General presentation of EZSCAN. Hands and feet electrodes with 
the master unit. Subjects are only requested to stay in standing position 
during 2 min with palm of the hands and sole of the feet in contact with the 
electrodes.
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in IGT is mainly subclinical, asymptomatic characterized by small 
fiber neuropathy not detected by the classical methods used to explore 
neuropathy that assess large-fiber dysfunction [12].

The number of subjects tested in the study is small explaining 
the large CI of OR to develop abnormal AUCinsulin or AUCglucose in the 
EZSCAN risk classification groups. This is a pilot study conducted in a 
small number of patients and in a high risk ethnic population. Larger 
prospective studies with longer follow-up will help to ascertain the 
utility of this simple and easily repeatable method as a screening tool 
before long and invasive procedures like FSOGTT. 

The early identification of subjects at risk of glucose intolerance 
and abnormalities in insulin or glucose response in FSOGTT by a 
quick method, easily understandable by the patient thanks to color risk 
classification can provide an opportunity to start an early intervention 
with lifestyle modifications to prevent diabetes and cardiovascular 
diseases.
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