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Abstract

The aim of this study was to examine the reproducibility of the
new indicator test for sudomotor function (Neuropad®) in type
2 diabetic patients. The study included 142 type 2 diabetic pa-
tients (70 men) with a mean age of 67.3 £7.6 years and a mean
diabetes duration of 14.2 £ 6.3 years. Sudomotor function was as-
sessed by means of colour change in the indicator test. Each pa-
tient was examined twice. Moreover, inter-observer variability
was assessed in 60 patients (35 patients with sudomotor dys-
function, 25 patients without sudomotor dysfunction). In the
right foot, a highly significant (r=0.91, p=0.001) correlation
was observed between time until complete colour change of the
test on the first (910.7 £ 431.6 seconds) and second examination
(935.8 £440.1 seconds). In the left foot, a highly significant
(r=0.89, p=0.001) correlation was observed between time until
complete colour change of the test on the first (911.6 £ 430.3 sec-

onds) and second examination (940.5 +441.2 seconds). Repro-
ducibility was excellent both in patients with sudomotor dys-
function (p=0.001) and in those without sudomotor dysfunction
(p=0.001). Agreement in diagnosis of sudomotor dysfunction
between the two examinations was 98%. Inter-observer repro-
ducibility was excellent (p =0.001), both in patients with sudo-
motor dysfunction and in those without sudomotor dysfunction.
Intra- and interobserver Coefficient of Variance ranged between
41% and 5.1%. Conclusions: These results indicate that repro-
ducibility of the new indicator test for sudomotor function is ex-
cellent in type 2 diabetic patients with or without sudomotor
impairment.
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Introduction

Peripheral neuropathy remains one of the most frequent compli-
cations of diabetes mellitus (La Cava, 2002; Perkins and Bril,
2003; Petit and Upender, 2003; Duby et al., 2004; Boulton,
2004Db). It is linked to the pathogenesis of foot ulcers and con-
tributes to a considerable increase in mortality (Boulton et al.,
1998; Reiber et al., 1999; Boulton, 2004 a; Boulton, 2004 b; Ed-
monds, 2004). Sudomotor dysfunction, that is diminished sweat

production in the diabetic foot as a manifestation of neuropathy,
renders the skin very sensitive to trauma and thus significantly
contributes to the pathogenesis of foot ulceration (Reiber et al.,
1999; Low, 2003; Boulton, 2004a). However, sudomotor dys-
function has so far been the Cinderella of diabetic complications.
This is attributable to the fact that tests required for evaluation of
sweat production have been too complicated to be used in every-
day clinical practice (Low, 2003; Vinik et al., 2003).
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More recently, a new indicator test (Neuropad®) has been intro-
duced, which very easily measures sweat production on the basis
of a colour change from blue to pink (Zick et al., 2003). The new
test has been reported to yield results that show good correlation
with severity of peripheral neuropathy (Papanas et al., 2005).
Nonetheless, there is no data on the reproducibility of the new
test. Therefore, the aim of the present study was to examine the
reproducibility of this new indicator test in the evaluation of su-
domotor dysfunction in patients with type 2 diabetes mellitus.

Materials and Methods

This study included 142 type 2 diabetic patients (70 men, 72
women) with a mean age of 67.3 + 7.6 years and a mean diabetes
duration of 14.2 £ 6.3 years. Patients were recruited from the Sec-
ond Department of Internal Medicine of Democritus University
of Thrace, Greece and from the Diabetic Department of the Gen-
eral Hospital of Alexandroupolis, Greece. The study was ap-
proved by the institutional ethics committee and all patients
gave their informed consent.

Sudomotor dysfunction was assessed by means of the new indi-
cator test (Neuropad®) (Zick et al., 2003; Papanas et al., 2005).
Each patient was examined by the same physician (NP) on two
separate visits. On each visit, patients were allowed to rest in
constant room temperature (25°C) for 10 minutes after they
had taken off their socks and shoes. Indicator tests were applied
to both soles at the level of the 1st-2nd metatarsal heads. Time
until complete colour change of the test from blue to pink was
recorded (Papanas et al., 2005). Time until colour change was
measured in seconds with an exactitude of 10 seconds. Complete
colour change of the test in both feet within 600 seconds was
considered normal response. Sudomotor dysfunction was de-
fined as time until complete colour change of the test exceeding
600 seconds in at least one foot (Zick et al., 2003; Papanas et al.,
2005).

Inter-observer variability was assessed in 60 patients (35 pa-
tients with sudomotor dysfunction, 25 patients without sudo-
motor dysfunction). These were also examined by a second
physician (KP), who was blinded to the results of the examina-
tion by the first physician. The same room was used for examina-
tion by both physicians.

Moreover, in each of 20 patients (10 patients with sudomotor
dysfunction and 10 patients without sudomotor dysfunction)
Neuropad was applied 10 times by the first and 10 times by the
second physician. For each patient, we calculated intra- and in-
ter-observer Coefficient of Variance (CV %) of time until complete
colour change on examination by the first and by the second
physician. CV % was calculated by the formula: CV % = SD/
% x 100 (SD = Standard Deviation; X = average of measurements).

Exclusion criteria were as follows: age < 17 years or > 75 years,
peripheral arterial occlusive disease, other potential causes of
neuropathy (end-stage renal failure, alcohol abuse, Vitamin B,
depletion, malignancy), thyroid disease, drugs (corticosteroids,
antihistaminic and psychoactive drugs, which may affect sweat-
ing), peripheral nerve lesions (traumatic lesions, plexus paresis,
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Fig.1 Time until complete colour change of the test in the right foot
(1st examination: 910.7+431.6sec, 2nd examination: 935.8+
440.1 sec, r=0.91, p=0.001) and in the left foot (1st examination:
911.6+430.3sec, 2nd examination: 940.5+441.2sec, r=0.89,
p=0.001). On each examination, time until colour change showed a
highly significant correlation between the two feet (r=0.96,
p=0.001).

1™ examination

spinal root compression, herpes zoster, polyradiculopathy), skin
diseases (neurodermatitis, psoriasis, scleroderma, allergy to
metals, Raynaud syndrome, hyperhidrosia, acrocyanosis).

Statistical analysis was performed using SPSS (Statistical Package
for Social Sciences) 11.0. Time until complete colour change of
the test was a quantitative variable with normal distribution.
Paired t-test was used to compare time until complete colour
change of the test on each examination, as well as time until
complete colour change of the test assessed by the two indepen-
dent physicians. Data were expressed as mean * Standard Devia-
tion (X £ 1SD). Statistical significance was defined at a level of 5%
(p<0.05).

Results

In the right foot, a highly significant (r=0.91, p=0.001) correla-
tion was observed between time until complete colour change
of the test on the first (910.7 + 431.6 seconds) and second exami-
nation (935.8 +440.1 seconds). In the left foot, a highly signifi-
cant (r=0.89, p=0.001) correlation was observed between time
until complete colour change of the test on the first
(911.6 £430.3 seconds) and second examination (940.5 +441.2
seconds). On each examination, time until colour change showed
a highly significant correlation between the two feet (r=0.96,
p=0.001). These results are depicted in Fig.1.

In each foot, further analysis investigated the correlation be-
tween time until complete colour change of the test on the first
and second examination both in patients with sudomotor dys-
function and in those without sudomotor dysfunction. Results
are summarized in Table 1.
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Table 1 Time until complete colour change of the indicator test (Neuropad®) on each patient examination, according to the presence or ab-

sence of sudomotor dysfunction

Foot examination Time until complete colour change (seconds, mean + SD) Correlation coefficient ~ p value
1st examination 2nd examination

Right foot 1160.8+241.5 1179.6+262.4 r=0.91 p=0.001

(with sudomotor dysfunction, n=101)

Right foot 327.8+117.6 343.1+£120.1 r=0.89 p=0.001

(without sudomotor dysfunction, n=41)

Left foot (with sudomotor dysfunction, 1161.4+245.1 1180.8+250.2 r=0.9 p=0.001

n=101)

Left foot 326.7+115.9 3449+117.8 r=0.89 p=0.001

(without sudomotor dysfunction, n=41)

______________________________________________________________________________________________________________________________|
Table 2 Time until complete colour change of the indicator test (Neuropad®) in the right and left foot, assessed by the two physicians

Foot examination Time until complete colour change (seconds, mean + SD) Correlation coefficient p value
1st physician 2nd physician

Right foot (total, n=60) 880.7£351.5 900.6+376.5 F=0.9 p=0.001

Right foot 1250.7+249.5 1269.8+255.8 r=0.91 p=0.001

(with sudomotor dysfunction, n=35)

Right foot 300.9+120.5 316.7+116.7 r=0.9 p=0.001

(without sudomotor dysfunction, n=25)

Left foot (total, n=60) 877.3+358.3 902.3+360.1 r=0.92 p=0.001

Left foot 1248.7+247.6 1271.2+230.1 r=0.89 p=0.001

(with sudomotor dysfunction, n=35)

Left foot 301.8+111.5 317.4£121.3 r=0.92 p=0.001

(without sudomotor dysfunction, n=25)

Sudomotor dysfunction was diagnosed in 101 out of 142 (71.1%)
patients on first examination and in 99 out of 142 (69.7%) pa-
tients on second examination. Thus, agreement in diagnosis of
sudomotor dysfunction between the two examinations was 98 %.

A highly significant correlation was found between time until
complete colour change of the test, assessed by the two observ-
ers (p=0.001). This correlation was demonstrated both in pa-
tients with sudomotor dysfunction and in those without sudo-
motor dysfunction, as shown in Table 2. Sudomotor dysfunction
was diagnosed in 35 out of 60 patients diagnosed by the first
physician and in 34 out of 60 patients by the second physician,
with a 97.1% agreement between the two physicians.

In patients with sudomotor dysfunction, intra-observer CV %
ranged between 4.2% and 5.1% (right foot) and between 4.1%
and 5% (left foot), while inter-observer CV% ranged between
4.3% and 4.9% (right foot) and between 4.3% and 4.9% (left foot)
(Table 3). In patients without sudomotor dysfunction, intra-ob-
server CV % ranged between 4.1% and 4.8% (right foot) and be-
tween 4.1% and 4.7 % (left foot), while inter-observer CV% ranged
between 4.3% and 4.7 % (right foot) and between 4.2% and 4.5%
(left foot) (Table 3).

Discussion

This study investigated the reproducibility of the new indicator
test for sudomotor function (Neuropad®) in patients with type 2
diabetes mellitus. Patients were examined on two separate visits.
On each visit, time until complete colour change of the test from
blue to pink was recorded (Papanas et al., 2005). In the right foot,
a highly significant (r=0.91, p=0.001) correlation was observed
between time until complete colour change of the test on the
first and second examination. Similar results were obtained in
the left foot. Hence, the test showed very good reproducibility
in both feet.

Further analysis examined the influence of sudomotor dysfunc-
tion on the reproducibility of the test. In each foot, it was shown
that the significant correlation between time until complete col-
our change of the test on first and second examination was ob-
served both in patients with sudomotor dysfunction (p=0.001)
and in those without sudomotor dysfunction (p = 0.001). Accord-
ingly, the excellent reproducibility of the test was not dependent
on the presence of sudomotor dysfunction.
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Table 3 Intra- and inter-observer CV % in patients with sudomotor
dysfunction (patients 1-10) and without sudomotor dys-
function (patients 11 -20)

Pat.  Right foot CV% Left foot CV%
no.
intra-observer inter- intra-observer inter-
observer observer
1st 2nd 1st 2nd
exam.  exam. exam.  exam.
1 4.5% 4.6% 4.6% 4.3% 4.5% 4.4%
2 4.2% 4.4% 4.3% 4.5% 4.1% 4.3%
3 4.4% 4.3% 4.3% 4.5% 4.6% 4.6%
4 4.8% 4.6% 4.7% 4.8% 4.4% 4.6%
5 4.2% 4.6% 4.4% 4.4% 4.2% 4.3%
6 4.3% 4.7% 4.5% 4.6% 4.3% 4.4%
7 4.5% 4.7% 4.6% 5% 4.8% 4.9%
8 4.7% 5.1% 4.9% 4.8% 5% 4.9%
9 4.7% 4.3% 4.5% 4.6% 4.4% 4.5%
10 4.7% 4.4% 4.5% 4.3% 4.5% 4.8%
11 4.3% 4.6% 4.4% 4.6% 4.3% 4.4%
12 4.6% 4.8% 4.7% 4.7% 4.3% 4.5%
13 4.7% 4.5% 4.6% 4.3% 4.4% 4.4%
14 4.3% 4.4% 4.4% 4.4% 4.6% 4.5%
15 4.4% 4.1% 4.3% 4.3% 4.7% 4.5%
16 4.5% 4.7% 4.6% 4.6% 4.3% 4.5%
17 4.4% 4.6% 4.5% 4.5% 4.3% 4.4%
18 4.6% 4.5% 4.6% 4.3% 4.5% 4.4%
19 4.5% 4.2% 4.4% 4.1% 4.3% 4.2%
20 4.3% 4.3% 4.3% 4.2% 4.4% 4.3%

Sudomotor dysfunction was diagnosed in 101 out of 142 (71.1%)
patients on first examination and in 99 out of 142 (69.7%) pa-
tients on second examination. This finding is in accord with two
prior studies (Zick et al., 2003; Papanas et al., 2005). There was
excellent agreement (98%) in the diagnosis of sudomotor dys-
function between the two examinations. Consequently, the indi-
cator test was very reliable in diagnosing sudomotor dysfunc-
tion.

Additionally, a highly significant correlation was found between
time until complete colour change of the test, assessed by the
two observers (p=0.001). This significant correlation was ob-
served both in patients with sudomotor dysfunction (p =0.001)
and in those without sudomotor dysfunction (p =0.001). Agree-
ment in the diagnosis of sudomotor dysfunction between the
two physicians was excellent (97.1%). As a result, the test showed
very good inter-observer reproducibility, irrespective of sudomo-
tor dysfunction.

Intra- and inter-observer Coefficient of Variance (CV %) ranged
between 4.1% and 5.1% in patients with sudomotor dysfunction
and between 4.1% and 4.8% in those without sudomotor dys-
function. These good CV % are explicable on the basis of the
chemical nature of the test. Indeed, blue Cobalt (II) Chloride be-

comes pink Cobalt (II) Chloride Hexahydrate, the end-product
being extremely stable, without being influenced by light and
temperature (Budavari et al., 1996; Young, 2003). This chemical
reaction does not require patients’ or examiners’ co-operation,
in contrast to clinical examination and quantitative sensory test-
ing (Bax et al., 1996; Boulton, 2004 b).

The clinical implication of our findings is that the new indicator
test may reliably be used to evaluate sudomotor function in type
2 diabetic patients. We have previously demonstrated that the
test exhibits very good intra-individual reproducibility between
right and left foot (Papanas et al., 2005). The highly significant
(p=0.001) correlation between results in right and left foot was
found again in the present study. More importantly, it was
shown for the first time that the test yielded results which were
highly reproducible on re-examination. Additionally, there was
excellent inter-observer reproducibility. Given that reproducibil-
ity of diagnostic tests is of paramount importance in the evalua-
tion of diabetic neuropathy, both somatic and autonomic (Valen-
si etal., 1993; Bax et al.,, 1996; Kempler, 2003), the findings of the
present study suggest an important role for the new test in de-
tecting sudomotor dysfunction. Accurate evaluation of sudomo-
tor function would be consistent with the recommendation of
the San Antonio Consensus on diabetic neuropathy, which sug-
gested incorporation of sudomotor examination in the overall as-
sessment of neuropathy (American Diabetes Association and
American Academy of Neurology, 1988). This reproducibility
even allows us to speculate that the new indicator test might be
used to assess whether sudomotor function deteriorates over
time and, thus, it might prove of value in the regular evaluation
of diabetic complications during patient follow-up. However,
prospective studies are needed to address this issue.

In conclusion, the new indicator test for sudomotor function ap-
pears to have excellent inter-observer and intra-observer repro-
ducibility in type 2 diabetic patients. Reproducibility is not de-
pendent on the presence of sudomotor dysfunction. These find-
ings suggest that the indicator test yields reliable results. Cer-
tainly, further studies are needed to verify the reproducibility of
the test, as well as to evaluate its potential role in the prospective
evaluation of diabetic complications.

References

! American Diabetes Association and American Academy of Neurology.
Consensus statement: Report and recommendations of the San Anto-
nio conference on diabetic neuropathy. Diabetes 1988; 37: 1000-
1004

2 Bax G, Fagherazzi C, Piarulli F, Nicolucci A, Fedele D. Reproducibility of
Michigan Neuropathy Screening Instrument (MNSI). Diabetes Care
1996; 19: 904-905

3 Boulton AJM, Gries FA, Jervell ]. Guidelines for the diagnosis and out-
patient management of diabetic peripheral neuropathy. Diabet Med
1998; 15: 508 -514

4 Boulton AJM, Kirsner RS, Vileikyte L. Neuropathic diabetic foot ulcers.
N Engl ] Med 2004 a; 351: 48-55

5> Boulton JAM. The diabetic foot: from art to science. The 18th Camillo
Golgi lecture. Diabetologia 2004 b; 47: 1343 -1353

6 Budavari S, O’Neil M], Smith A, Heckelman PE, Kinneary JF (eds). The
Merck Index. An Encyclopaedia of Chemicals, Drugs and Biologicals.
12th edn. New Jersey: Merck Research Laboratories, 1996: 2503

Papanas N et al. Reproducibility of the ... Exp Clin Endocrinol Diabetes 2005; 113: 577 -581



7 Duby JJ, Campbell RK, Setter SM, White JR, Rasmussen KA. Diabetic
neuropathy: an intensive review. Am | Health Syst Pharm 2004; 61:
160-173

8 Edmonds ME. The diabetic foot, 2003. Diabetes Metal Res Rev 2004;
20 (Suppl 1): S9-S12

9 Kempler P. Autonomic neuropathy: a marker of cardiovascular risk. Br
] Diabetes Vasc Dis 2003; 3: 84-90

10 La Cava EC. Your nerves. Neuropathy affects more than 50 percent of
people with diabetes. Here’s what you can do to prevent it. Diabetes
Forecast 2002; 55: 67 -69

11 Low PA. Sudomotor function. In: Gries FA, Low PA, Cameron NE, Zieg-
ler D (eds). Textbook of Diabetic Neuropathy. Stuttgart: Georg Thieme
Verlag, 2003: 274-278

12 Papanas N, Papatheodorou K, Christakidis D, Papazoglou D, Giassakis
G, Piperidou H, Monastiriotis C, Maltezos E. Evaluation of a new indi-
cator test for sudomotor function (Neuropad®) in the diagnosis of pe-
ripheral neuropathy in type 2 diabetic patients. Exp Clin Endocrinol
Diabetes 2005; 113: 1-4

13 Perkins BA, Bril V. Diabetic neuropathy: a review emphasizing diag-
nostic methods. Clin Neurophysiol 2003; 114: 1167 - 1175

14 Petit WA Jr, Upender RP. Medical evaluation and treatment of diabetic
peripheral neuropathy. Clin Pediatr Med Surg 2003; 20: 671-688

15 Reiber GE, Vileikyte L, Boyko EJ, del Aguila M, Smith DG, Lavery LA,
Boulton AJM. Causal pathways for incident lower-extremity ulcers in
patients with diabetes from two settings. Diabetes Care 1999; 22:
157-162

16 Valensi P, Attali JR, Gagant S. Reproducibility of parameters for assess-
ment of diabetic neuropathy. The French Group for Research and
Study of Diabetic Neuropathy. Diabet Med 1993; 10: 933-939

17 Vinik Al, Maser RE, Mitchell BD, Freeman R. Diabetic autonomic
neuropathy: Technical review. Diabetes Care 2003; 26: 1553 -1579

18 Young JA. Cobalt (II) chloride hexahydrate. ] Chem Edu 2003; 80: 610

19 Zick R, Schéper T, Deeters U. Periphere diabetische Neuropathie. Die
SchweiBsekretion am Fufd messen. Klinikarzt 2003; 32: 192-194

Papanas N et al. Reproducibility of the ... Exp Clin Endocrinol Diabetes 2005; 113: 577 -581




