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Evaluation of a New Indicator Test for Sudomotor
Function (Neuropad®) in the Diagnosis of
Peripheral Neuropathy in Type 2 Diabetic Patients

Abstract

Sudomotor neuropathy is associated with reduction of plantar
sweating and contributes to the pathogenesis of diabetic foot ul-
cers. The aim of the present study was to evaluate the new indi-
cator test for sudomotor function (Neuropad®) in the diagnosis of
peripheral neuropathy among type 2 diabetic patients. This
study included 104 type 2 diabetic patients (51 men) with a
mean age of 64.2+5.6 years and a mean diabetes duration of
12.8 £3.7 years. Peripheral neuropathy was diagnosed by means
of the Diabetic Neuropathy Index (DNI). Sudomotor neuropathy
was assessed by means of colour change in the indicator test. Pe-
ripheral neuropathy was diagnosed in 71 patients (68.3%). Sudo-
motor neuropathy was diagnosed in 67 patients (94.4%) with pe-
ripheral neuropathy and in 10 patients (30.3%) without periph-
eral neuropathy (p=0.0001). Compared with DNI, sensitivity of
the indicator test for diagnosing peripheral neuropathy was
94.4% and specificity was 69.7%. Overall prevalence of neurop-

athy was higher using the indicator test (77 patients, 74.0%) than
using the DNI (71 patients, 68.3%). Time until complete colour
change of the indicator test was 23.8 +6.7 min in patients with
peripheral neuropathy and 7.7 + 1.2 min in patients without pe-
ripheral neuropathy (p = 0.001). Among patients with peripheral
neuropathy, time until complete colour change of the indicator
test was 14.2 £ 1.9 min in those with a DNI value between 2.5
and 4.5, while it was 32.8 + 2.6 min in those with a DNI value be-
tween 5 and 8 (p =0.003). Conclusions: Use of the new indicator
test has a very high sensitivity in detection of diabetic peripheral
neuropathy. Sudomotor dysfunction can be demonstrated in a
considerable part of patients with normal clinical examination.
Time until complete colour change of the indicator test is asso-
ciated with severity of peripheral neuropathy.
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Introduction

Peripheral neuropathy is one of the most common chronic com-
plications of diabetes mellitus and leads to considerable increase
in morbidity (La Cava, 2002; Perkins and Bril, 2003; Petit and Up-
ender, 2003; Pittenger and Vinik, 2003; Podwall and Gooch,
2004; Duby et al., 2004). It is of crucial importance in the patho-

genesis of foot ulcers (Litzelman et al., 1997; Boulton et al., 1998;
Jude and Boulton, 1999; Mason et al., 1999; Reiber et al., 1999). A
neglected component of peripheral neuropathy is sudomotor
neuropathy, which results in reduced sweating and dry, sensitive
skin with a propensity towards callus and fissure formation (Rei-
ber et al., 1999; Boulton, 2003).
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Numerous tests of sudomotor function have been devised (Rei-
ber et al., 1999; Boulton, 2003). The most important tests include
the quantitative sudomotor axon reflex (QSART), the sweat im-
print, the thermoregulatory test and the sympathetic skin re-
sponse (Low, 2003; Vinik et al., 2003). Studies using these tests
have shown that sudomotor neuropathy develops early in dia-
betic patients and can therefore be demonstrated even in asymp-
tomatic patients with normal clinical examination and nerve
conduction study (Kennedy and Navarro, 1989; Caccia et al.,
1991; Braune and Horter, 1996 Not in references M; Shimada
et al.,, 2001; Hoeldtke et al., 2001). Nevertheless, these tests are
not generally available, because they require expensive equip-
ment and trained personnel (Low, 2003; Vinik et al., 2003).

More recently, a new indicator test (Neuropad®) has been intro-
duced, which measures sweat production on the basis of a colour
change from blue to pink (Zick et al., 2003). This new test is an
easy-to-perform measure of the sudomotor component of pe-
ripheral neuropathy. However, its contribution to the diagnosis
of peripheral neuropathy has not been investigated in any other
study. Therefore, the aim of the present study was to evaluate
this new indicator test in the diagnosis of peripheral neuropathy
among type 2 diabetic patients.

Materials and Methods

This study included 104 patients (51 men, 53 women) with type
2 diabetes mellitus. Mean age was 64.2 + 5.6 years and mean dia-
betes duration was 12.8 3.7 years. These patients were recruit-
ed from the Diabetic Department of the General Hospital of Ale-
xandroupolis, Greece and from the Second Department of Inter-
nal Medicine of Democritus University of Thrace, Greece. The
control group comprised 20 healthy volunteers (< 40 years old).
The study was approved by the institutional ethics committee
and all patients gave their informed consent.

Exclusion criteria were peripheral arterial occlusive disease, as
well as chronic alcohol abuse, thyroid disease, Vitamin B;, deple-
tion, lumbar spine disorders or any other cause of peripheral
neuropathy.

Peripheral neuropathy was diagnosed by means of the Diabetic
Neuropathy Index (DNI), as proposed by the University of Michi-
gan (Feldman et al., 1994; Bax et al., 1996). The DNI is a standard-
ized examination of feet appearance (deformity, dry skin, callus,
infection and fissures), neuropathic ulceration, Achilles tendon
reflexes and vibration perception at great toe using a 128 Hz tun-
ing fork. This examination is applied separately to each foot. Ab-
normal findings are added to form the DNI score (normal score
<2, worst score: 8) (Feldman et al., 1994). In the present study
patients with a DNI score higher than 2 were considered to have
peripheral neuropathy. Peripheral neuropathy was considered
moderate in patients with a DNI score between 2.5 and 4.5 and
severe in those with a DNI score between 5 and 8.

Sudomotor neuropathy was assessed by means of the new indi-
cator test (Neuropad®) (Zick et al., 2003). Patients were allowed
to rest in constant room temperature (25 °C) for 10 min after they
had taken off their shoes and socks. Indicator tests were applied
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to both soles at the level of the 1st-2nd metatarsal heads and
were left until complete colour change from pink to blue. Com-
plete colour change of the test in both feet within 10 min was
considered normal response. Patients in whom colour change of
the indicator test was completed after 10 min in at least one foot
were considered to have sudomotor neuropathy.

Statistical analysis was performed by 2 test (using Yates’ correc-
tion for 2 x 2 contingency tables) for qualitative variables. Quan-
titative variables had normal distribution and were compared
using t-test, ANOVA and least significant difference test. Data
were expressed as mean * 1 Standard Deviation (X = 1 SD). Statis-
tical significance was defined at a level of 5% (p <0.05).

Results

Peripheral neuropathy was diagnosed in 71 patients (68.3%). Su-
domotor neuropathy was diagnosed in 67 patients with periph-
eral neuropathy (94.4%) and in 10 patients (30.3%) without pe-
ripheral neuropathy (p =0.0001), as shown in Table 1. Compared
with DNI, sensitivity of the indicator test for diagnosing periph-
eral neuropathy was 94.4% and specificity was 69.7%. Overall
prevalence of neuropathy was slightly (p = 0.44, NS) higher using
the indicator test (77 patients, 74.0%) than using the DNI (71 pa-
tients, 68.3%).

In all persons examined time until complete colour change of the
test in the right sole did not differ from time until complete col-
our change in the left sole (p = 0.99, Table 2). Colour change of the
indicator test was completed within 10 min in 19 volunteers
(95%). Time until complete colour change of the indicator test
in healthy volunteers and in diabetic patients with or without
peripheral neuropathy is shown in Fig.1. Time until complete
colour change of the test in patients with moderate vs. severe pe-
ripheral neuropathy is shown in Fig. 2.

Discussion

This study evaluated the sudomotor component of peripheral
neuropathy in type 2 diabetic patients using the new indicator
test (Neuropad®). Peripheral neuropathy was clinically diag-
nosed by means of DNI (Feldman et al., 1994; Bax et al., 1996).

Table 1 Sudomotor neuropathy in diabetic patients with or without
peripheral neuropathy

Patients With Without Statistical
peripheral peripheral evaluation
neuropathy neuropathy

With sudomotor 67 (94.4%) 10 (30.3%) p=0.0001

neuropathy (x*=44.8)*

Without sudomotor 4(5.6%) 23 (69.7%) p=0.0001

neuropathy (x>=44.8)"

Total 71 33 104

* p value refers to the difference between patients with peripheral neuropathy and
those without peripheral neuropathy
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Table 2 Time until complete colour change of the indicator test in
right vs. left foot

Time until complete colour change of the test (minutes)

Persons Right foot Left foot Statistical
examined evaluation
Controls 4.6+£0.7 4.6+0.6 p=0.99
Patients with- 7.7+£1.2 7.6+1.2 p=0.99
out peripheral
neuropathy
Patients with 23.8£6.7 23.9+6.4 p=0.98
peripheral
neuropathy
23.8
25 7
)
= p=0.0002
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Fig.1 Time until complete colour change of the test in healthy volun-
teers (4.6+0.7 min), in diabetic patients without peripheral neurop-
athy (7.7 £ 1.2 min) and in diabetic patients with peripheral neuropathy
(23.8+ 6.7 min), p=0.0002. * vs. ** p=0.033, *vs. *** p=0.0001, **
vs. *** p=0.001.
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Patients with severe
neuropathy (n=32)

Patients with moderate
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Patient Group
Fig.2 Time until complete colour change of the test in diabetic pa-

tients with moderate (14.2 = 1.9 min) vs. severe peripheral neuropathy
(32.8+2.6 min), p=0.003.
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Frequency of peripheral neuropathy was 68.3 %. Prevalence of di-
abetic peripheral neuropathy is known to differ considerably, ac-
cording to type of patients studied and diagnostic criteria (Pirart,
1978 a; Pirart, 1978b; Ziegler et al., 1987; the DCCT Research
Group, 1988; Maser et al., 1989; Young et al., 1993; Ahroni et al.,
1994; Dyck et al., 1997; Forrest et al., 1997; Fedele et al., 1997;
Boulton, 1998). Fedele et al. used the DNI as a screening test in
an epidemiological study and reported that 32.3% of patients
had neuropathy (Fedele et al., 1997). The higher prevalence of
neuropathy in our study as compared to Fedele et al. may be at-
tributed to the fact that we included a smaller number of pa-
tients and recruited patients who were attending the Diabetic
Department or were hospitalized. Therefore, our results are not
representative of the epidemiology of neuropathy in a diabetic
population.

Sudomotor neuropathy was diagnosed in 94.4% of patients with
peripheral neuropathy and in 30.3% of those without peripheral
neuropathy. This difference was highly significant (p=0.0001).
Compared with DNI, sensitivity of the indicator test for diagnos-
ing peripheral neuropathy was 94.4% and specificity was 69.7%.
Specificity was only 69.7%, because sudomotor dysfunction was
also diagnosed in 30.3% of patients with normal DNI score. This
is probably due to the fact that sudomotor dysfunction develops
early in the course of diabetes and can be detected even in pa-
tients with normal clinical examination and nerve conduction
study (Kennedy and Navarro, 1989; Caccia et al., 1991; Braune
and Horter, 1996M Not in references M; Shimada et al., 2001;
Hoeldtke et al., 2001). Our results are in accordance with those
of Zick et al. (2003). However, we used a more homogeneous
group of patients, enrolling exclusively type 2 patients. Besides,
we employed the standardized and validated DNI score for a
more precise diagnosis of peripheral neuropathy.

Prevalence of diabetic neuropathy was insignificantly higher us-
ing the indicator test than using the DNI. We therefore believe
that the indicator test may prove sensitive in detection of pa-
tients at high risk for diabetic foot complications. The fact that
the difference in prevalence did not attain statistical significance
is perhaps attributable to the small number of patients. Larger
prospective studies are needed to investigate the contribution
of Neuropad® to detection of high-risk patients and prevention
of foot ulcers.

Time until complete colour change of the indicator test differed
significantly between diabetic patients with peripheral neurop-
athy, diabetic patients without peripheral neuropathy and
healthy volunteers. Time until complete colour change was sig-
nificantly higher in diabetic patients with peripheral neuropathy
than in those without peripheral neuropathy. It was significantly
lower in healthy volunteers than in either group of diabetic pa-
tients (with or without peripheral neuropathy). These results
are in agreement with the study by Zick et al. (2003).

Furthermore, time until complete colour change in the present
study was examined in relation to the DNI score. Analysis
showed that time until complete colour change was significantly
higher in patients with severe peripheral neuropathy (DNI score
between 5 and 8) than in those with moderate peripheral neuro-
pathy (DNI score between 2.5 and 4.5). Consequently, the indica-
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tor test was a reliable diagnostic tool not only of the presence but
also of the severity of peripheral neuropathy. This result suggests
that the indicator test may find a novel use in clinical practice,
helping to quantify the reduction of sweat production due to
neuropathy and thus - indirectly - the risk for foot ulceration.
This is particularly important, since application of the test is easy
and interpretation of results does not require patient coopera-
tion. The easy applicability of the test in our study, even in pa-
tients of low educational level, was in contrast to vibration per-
ception (as included in the DNI score).

Moreover, time until complete colour change of the test did not
differ between the two soles. This association was demonstrated
in all persons examined, regardless of the presence of diabetes
and regardless of the diagnosis of peripheral neuropathy. Thus,
the test showed very good intra-individual reproducibility. This
finding offers further evidence that the test is a reliable index of
sudomotor function per se and is independent of minor local skin
factors which may be different in one foot. Further studies might
examine if the test can consistently be applied to one foot only,
which is expected to reduce cost and time needed for the proce-
dure.

In conclusion, use of the new indicator test has a very high sensi-
tivity in diagnosis of peripheral neuropathy among type 2 dia-
betic patients. Sudomotor dysfunction can even be demonstrat-
ed in a considerable part of patients with normal clinical exami-
nation. Furthermore, time until complete colour change of the
test may be used to assess severity of peripheral neuropathy.
Therefore, the new indicator test may prove useful in detection
of patients at high risk for diabetic foot complications.
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