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Abstract
Background Neuropad is a novel indicator test for sudomotor dysfunction,
which has not been validated as a screening tool in a population-based study.
This study aimed to evaluate the utility of Neuropad as a screening tool for
distal symmetric polyneuropathy among elderly subjects with diabetes and
pre-diabetes in the general population.
Methods Eligible subjects aged 61–82 years (n = 940) from the KORA F4
survey were examined, 201 of whom had diabetes and 231 had pre-diabetes
(WHO 1999 criteria). Polyneuropathy was deﬁned by the Michigan Neuropathy
Screening Instrument (MNSI) score >3.
Results Polyneuropathy was diagnosed in 60 (29.9%) subjects with diabetes
and in 45 (19.5%) subjects with pre-diabetes, respectively (p = 0.013). The
sensitivity and negative predictive value of Neuropad (reading time: 10 min)
for the diagnosis of polyneuropathy were moderately high, reaching 76.7% and
78.1% in subjects with diabetes and 57.8% and 76.5% in those with pre-diabetes,
respectively. Conversely, the speciﬁcity and positive predictive value for the
diagnosis of polyneuropathy were rather low: 35.5% and 33.6% in diabetic
individuals and 33.3% and 17.3% in subjects with pre-diabetes, respectively.
Use of the >2 cut-off and MNSI combined with monoﬁlament examination did
not improve the diagnostic performance of Neuropad.
Conclusions In the elderly general population with diabetes and pre-diabetes,
Neuropad has reasonable sensitivity but rather low speciﬁcity for the diagnosis of
polyneuropathy. It is a useful simple and inexpensive tool to screen for and to
exclude polyneuropathy as desired, while its low speciﬁcity implies that a longer
reading time merits consideration. Copyright © 2012 John Wiley & Sons, Ltd.
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Introduction
Distal symmetric polyneuropathy affects approximately one third of the population with diabetes [1], but it may also be encountered in pre-diabetic subjects
with impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) [2–4].
In clinical practice, diagnosis is based on simple clinical tests such as pin-prick
sensation, vibration perception (using a 128-Hz tuning fork) or 10-g monoﬁlament pressure sensation [1]. Neuropad is a novel indicator test assessing
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sudomotor function on the basis of a colour change from
blue to pink [5]. The test has been shown to yield high
sensitivity and moderate speciﬁcity for polyneuropathy
[5–9]. However, the diagnostic performance of Neuropad
in earlier works was only examined in patients from
diabetes clinics and not in a population setting. To the best
of our knowledge, the indicator test has been used for the
diagnosis of polyneuropathy neither in subjects with prediabetes nor in the elderly population. Thus, the aim of
the present study was to assess the utility of Neuropad for
the diagnosis of polyneuropathy among elderly subjects
with diabetes and pre-diabetes from the general population.

Materials and methods
The present data are based on the KORA (Cooperative
Health Research in the Region of Augsburg) F4 Study
(2006–2008): this was a follow-up of the KORA S4 study,
a population-based health survey conducted between
1999 and 2001. In brief, a total sample of 6640 subjects
was drawn in a two-stage cluster sample from the target
population consisting of all German residents of the region
aged 25 to 74 years. Of the randomly selected 6640
subjects, 4261 (64.2%) participated in the S4 baseline
study, 3080 of whom participated in the KORA F4 study
(response: 79.6%). The present study focused on 2656 subjects aged 55–74 years from the S4 survey, who were living
in the region of Augsburg, Germany, in 1999 [10,11]. Of
these, 1653 participated and 1353 had an oral glucose tolerance test (OGTT) at baseline. This cohort was re-examined
between 2006 and 2008 (F4 survey) [11]. Included were
1129 subjects, 189 of whom were excluded because of neurological diseases, leaving 940 subjects available for examination. The investigations were carried out in accord with
the Declaration of Helsinki and included written informed
consent from all participants. All study methods were
approved by the ethics committee of the Bavarian Chamber
of Physicians (Munich, Germany).
After an overnight fast of at least 10 h, all non-diabetic
participants underwent a standard 75-g OGTT [10,11].
Newly diagnosed diabetes, IFG, IGT and normal glucose
tolerance (NGT) were deﬁned according to the 1999 World
Health Organization diagnostic criteria [12]. Information
on sociodemographic variables, lifestyle and risk factors
was gathered during a standardized interview. All participants underwent an extensive standardized medical examination, as described in more detail elsewhere [10,11].
Subjects were classiﬁed as having diabetes on the basis of
self-reported physician diagnosis of diabetes or use of antidiabetic medication. Subjects without diabetes were evaluated by an OGTT. The latter identiﬁed subjects with IFG,
IGT and newly diagnosed diabetes [12]. Subjects with
new diagnosis of diabetes were grouped together with
those having known diabetes. Subjects with IFG and IGT
comprised the pre-diabetic group. In total, 487 subjects
had NGT, 209 had diabetes and 244 had pre-diabetes. The
present study assessing the diagnostic utility of Neuropad
Copyright © 2012 John Wiley & Sons, Ltd.
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focused on subjects with diabetes and pre-diabetes. After
exclusion of eight subjects with diabetes and 13 subjects
with pre-diabetes because of incomplete data on polyneuropathy, 201 subjects with diabetes and 231 with pre-diabetes
were available for analysis. The former included 53 subjects
with new and 148 subjects with known diabetes. The latter
included 45 subjects with IFG, 146 subjects with IGT and
40 subjects with combined IFG/IGT. Of the 487 subjects
with NGT, 471 had complete data for analysis.
Polyneuropathy was diagnosed by the Michigan
Neuropathy Screening Instrument (MNSI) [13]. This is a
standardized and recently validated [14] examination of
feet appearance, presence or absence of ulceration, ankle
reﬂexes and vibration perception at the hallux using a
graded 128-Hz Reidel-Seiffer tuning fork [13]. Interpretation of tuning fork results was based on age-dependent
normal values previously published [15]. A cut-off point
of MNSI > 3 was used to obtain maximum speciﬁcity and
positive predictive value (PPV) for the diagnosis of
polyneuropathy [14,16]. We also used the MNSI cut-off
2, according to the original proposal [13].
In addition, patients were examined by using 10 g
Semmes Weinstein monoﬁlament (SWMF) (Twin Tip
GmbH, Heinsberg, Germany). Examination was performed
on the dorsal surface of the distal phalanx of the hallux.
The SWMF was pressed against the skin surface until it
buckled, and the participant was asked to report whether
he or she felt the pressure. Application was repeated
ten times on each foot. Normal response was deﬁned as
>8/10 correct answers and abnormal response as ≤8/10
correct answers [17]. The SWMF was included in the
MNSI, which was then called MNSI-MF (MNSI including
additional SWMF examination). Two cut-off scores were
examined: MNSI-MF > 2 and MNSI-MF > 3. In addition,
the diagnostic performance of Neuropad against the
SWMF per se, deﬁned as abnormal results bilaterally, was
examined.
NeuropadW (Trigocare GmbH, Wiehl, Drabenderhöhe,
Germany) examination was carried out, as previously
described [5], by operators who were blinded to subjects’
neuropathy status. The indicator test was applied on a
callus-free area between the ﬁrst and second metatarsal
head on the plantar aspect of the foot. The result was read
at 10 min (normal = complete colour change from blue to
pink; abnormal = no/incomplete colour change) [5].
Statistical analysis was carried out with SPSS 19
(Statistical Package for Social Sciences, Chicago, IL).
Normally distributed continuous variables were analysed
by t test. Qualitative variables were compared by Fisher’s
exact test. Sensitivity, speciﬁcity, PPV, negative predictive
value (NPV), positive likelihood ratio (LR+), negative
likelihood ratio (LR ) and accuracy of Neuropad for the
diagnosis of polyneuropathy were calculated by standard
formulae against the two cut-off scores of MNSI and
MNSI-MF as well as against SWMF. The correlation
between Neuropad result and pain score was examined
by using Spearman’s rank correlation coefﬁcient. The
level of signiﬁcance for two-sided testing was set
uniformly at a = 0.05.
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Table 2. Percentages of subjects with polyneuropathy according
to the MNSI scores and cut-offs used

Results
The demographic and clinical data of the diabetic and prediabetic groups studied are shown in Table 1. Subjects with
diabetes had a signiﬁcantly higher body mass index, waist
circumference, triglyceride, uric acid and HbA1c values,
as well as fasting and post-load plasma glucose levels
and signiﬁcantly lower cholesterol, LDL cholesterol and
HDL cholesterol levels. Paraesthesias and numbness
were also signiﬁcantly more frequent in the diabetic group
(all p < 0.05). The percentage of regular smokers was
signiﬁcantly higher, and that of physically active subjects
was lower in the diabetic group (both p < 0.05). No signiﬁcant differences between the groups were noted for age,
sex, systolic and diastolic blood pressure, creatinine levels,
alcohol consumption, vibration perception threshold,
MNSI, MNSI-MF and pain intensity. One subject with diabetes but none with pre-diabetes had foot ulceration. Two
subjects with pre-diabetes and one with diabetes had
Charcot neuro-osteoarthropathy.
In subjects with NGT, prevalence of polyneuropathy
(MNSI > 3) was 17.2% (p = 0.104 vs. pre-diabetes,
p < 0.0001 vs. diabetes). The percentages of pre-diabetic
and diabetic subjects with polyneuropathy according to
the two MNSI scores and cut-offs used are presented in
Table 2. In both the diabetic and pre-diabetic groups, the
rates of polyneuropathy were highest, when the MNSIMF score > 2 was used and lowest when the MNSI score
3 was used. While no signiﬁcant differences in the

MNSI > 2
MNSI-MF > 2
MNSI > 3
MNSI-MF > 3

Pre-diabetes

Diabetes

n (%)

n (%)

72 (31.2)
81 (35.1)
45 (19.5)
50 (21.6)

74
86
60
69

(36.8)
(42.8)
(29.9)
(34.3)

p
value
0.223
0.113
0.013
0.004

MNSI, original Michigan Neuropathy Screening Instrument; MNSIMF, MNSI including 10 g monoﬁlament.

percentages of polyneuropathy between the groups were
noted for the MNSI > 2 and MNSI-MF > 2 deﬁnitions,
the prevalence of polyneuropathy was signiﬁcantly higher
in the diabetic versus pre-diabetic group when using the
cut-off >3 for both MNSI and MNSI-MF (p < 0.05).
Abnormal Neuropad results were obtained in 342 subjects
(72.6%) with NGT, in 150 subjects with pre-diabetes
(64.9%) and in 137 subjects with diabetes (68.2%).
The diagnostic performance of the Neuropad using the
different deﬁnitions of polyneuropathy in the diabetic and
pre-diabetic groups is summarized in Table 3. The sensitivity
and NPV of Neuropad for the diagnosis of polyneuropathy
were moderately high in subjects with diabetes, ranging
from 74.4% to 76.7% and from 65.6% to 78.1%, respectively, and slightly lower in individuals with pre-diabetes,
ranging from 57.8% to 68.1% and from 65.4% to 76.5%,
respectively. There were no apparent differences in
sensitivity and NPV between the various deﬁnitions of

Table 1. Demographic and clinical characteristics of the subjects with pre-diabetes and diabetes studied

n
IFG/IGT/IFG + IGT (%)
New DM/known DM (%)
Age (years)
Sex (% male)
BMI (kg/m²)
Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Cholesterol (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Triglycerides (mg/dL)
Creatinine (mg/dL)
Uric acid (mg/dL)
HbA1c (%)
Plasma glucose 0 min (mg/dL)
Plasma glucose 120 min (mg/dL)
Alcohol consumption (g/day)
Regular smokers (%)
Physically active (%)
VPT (tuning fork) right great toe
VPT (tuning fork) left great toe
MNSI (original)
MNSI (with monoﬁlament)
11-Point pain rating scale
Pain (n, %)
Paraesthesias (n, %)
Numbness (n, %)

Pre-diabetes

Diabetes

231
19.5/63.2/17.3
—
71.5  5.2
53.7
29.1  4.3
99.2  11.7
131  18.9
75.3  10.2
223  40.6
142  36.0
54.4  14.0
139  67.6
0.96  0.24
5.7  1.3
5.7  0.3
104  11.2
153  25.5
14.0  16.2
2.8
49.8
5.6  1.9
5.7  1.7
2.2  1.4
2.4  1.6
2.3  2.3
22 (9.5%)
18 (7.8%)
22 (9.5%)

201
—
26.4/73.6a
71.8  5.5
58.2
31.1  4.8
104.5  11.8
132  20.5
74.0  11.0
206  40.4
127  34.3
50.1  11.4
162  124
0.99  0.25
6.1  1.5
6.6  0.9
132  34.4
211  36.4
13.5  21.5
7.0
38.6
5.4  1.7
5.6  1.7
2.4  1.5
2.6  1.8
2.5  2.5
24 (11.9%)
29 (14.4%)
33 (16.4%)

p value
—
—
—
0.636
0.382
<0.001
<0.001
0.866
0.203
<0.001
<0.001
0.001
0.016
0.190
0.005
<0.001
<0.001
<0.001
0.780
0.046
0.020
0.466
0.424
0.263
0.132
0.231
0.438
0.030
0.042

Data are mean  SD or %;
MNSI: Michigan Neuropathy Screening Instrument; VPT, vibration perception threshold.
a
Diabetes duration: 9.1  8.5 years.
Copyright © 2012 John Wiley & Sons, Ltd.
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Table 3. Sensitivity, speciﬁcity, positive and negative predictive values (PPV, NPV), positive and negative likelihood ratios
(LR+, LR ) of Neuropad for the different deﬁnitions of polyneuropathy in pre-diabetes and diabetes

Pre-diabetes
MNSI > 2
MNSI-MF > 2
MNSI > 3
MNSI-MF > 3
MF
Diabetes
MNSI > 2
MNSI-MF > 2
MNSI > 3
MNSI-MF > 3
MF

Sensitivity
[% (95% CIa)]

Speciﬁcity
[% (95% CIa)]

LR+

LR

68.1 (57.9)
65.4 (55.8)
57.8 (44.5)
58.0 (45.4)
50.0 (26.4)

36.5 (30.1)
35.3 (28.8)
33.3 (27.6)
33.1 (27.4)
34.1 (28.8)

1.1
1.0
0.9
0.9
0.8

75.7 (66.1)
74.4 (65.5)
76.7 (66.0)
75.4 (65.4)
75.0 (54.4)

36.2 (29.1)
36.5 (29.0)
35.5 (28.8)
35.6 (28.7)
32.6 (26.8)

1.2
1.2
1.2
1.2
1.1

PPV
[% (95% CIa)]

NPV
[% (95% CIa)]

Accuracy
[% (95% CIa)]

0.9
1.0
1.3
1.3
1.5

32.7 (26.3)
35.3 (28.8)
17.3 (12.4)
19.3 (14.2)
4.7 (2.2)

71.6 (62.2)
65.4 (55.8)
76.5 (67.5)
74.1 (64.9)
91.4 (84.4)

46.3 (40.8)
45.9 (40.3)
38.1 (32.8)
38.5 (33.2)
35.1 (29.9)

0.7
0.7
0.6
0.7
0.8

40.9 (33.8)
46.7 (39.4)
33.6 (26.9)
38.0 (31.0)
10.9 (6.9)

71.9 (61.2)
65.6 (54.7)
78.1 (67.9)
73.4 (62.9)
92.2 (84.3)

50.7 (44.7)
52.7 (46.7)
47.8 (41.8)
49.3 (43.2)
36.8 (31.1)

MNSI, Michigan Neuropathy Screening Instrument (original description without 10 g monoﬁlament); MNSI-MF, MNSI including 10 g
monoﬁlament.
a
Lower bound of 95% conﬁdence interval.

polyneuropathy. In contrast, the speciﬁcity and PPV for the
diagnosis of polyneuropathy were relatively low in the
diabetic group, ranging from 35.5% to 36.5% and from
33.6% to 46.7%, respectively, and even lower in the prediabetic group, ranging from 33.1% to 36.5% and from
17.3% to 35.3%, respectively. The lowest speciﬁcity and
PPV were noted in the pre-diabetic group for the >3 MNSI
and >3 MNSI-MF cut-offs. The likelihood ratios and accuracy were relatively low for each of the different deﬁnitions
of polyneuropathy used.
There was no correlation between Neuropad results and
presence of symptoms or pain intensity (data not shown).

Discussion
This study is the ﬁrst to examine the utility of Neuropad for
the diagnosis of polyneuropathy in elderly diabetic subjects
from the general population. Sensitivity ranged between
74.4% and 76.7%, lower than in prior reports [5–8,18–22],
but in the same range as reported by Kamenov et al.
[23]. Speciﬁcity was also lower than previously published
[5–8,18,19,21–23], but in the same range as reported by
Spallone et al. [20]. The lower sensitivity and speciﬁcity
are attributable to the different patient series. Speciﬁcally,
we have studied elderly subjects (mean age 71.8 years) from
the general population, while previous workers have
examined younger patients (mean age ranging between
44.9 and 67.3 years) attending specialized diabetes clinics
[5–8,18–23], including young patients with type 1 diabetes
[6,19,20,22]. Similarly, accuracy (up to 52.7%) was lower
than the 63% reported by Kamenov et al. [23].
To the best of our knowledge, this is also the ﬁrst report
on the diagnostic performance of Neuropad in pre-diabetes.
There is growing interest in the diagnosis of neuropathy in
the early stages of impaired glucose metabolism [24], and
this analysis conﬁrms previous population-based observations on the presence of polyneuropathy in a substantial
proportion of subjects with pre-diabetes [3,4]. Neuropad
exhibited a modestly high sensitivity and a rather low
speciﬁcity for polyneuropathy in this group. Sensitivity,
Copyright © 2012 John Wiley & Sons, Ltd.

PPV and accuracy were lower in pre-diabetes than in
diabetes, but speciﬁcity and NPV were comparable between
the two groups.
The major strength of the study is the inclusion of
subjects from a representative general population rather
than from specialized secondary and tertiary care diabetes
clinics. Indeed, previous research has focused on selected
patients from such clinics [5–8,18–23]. Nonetheless, such
selected groups are not representative of subjects with
diabetes as encountered in real-life situations, especially in
primary care. Therefore, the diagnostic performance of
Neuropad could not be generalized to the actual diabetic
population [5–8,18–23]. A further strength is the use of
four alternative deﬁnitions of polyneuropathy to ensure
adequate validity of our ﬁndings.
The practical implications of the present study may be
outlined as follows. Neuropad can easily be used in population studies as a screening tool for polyneuropathy.
This application has been suggested by previous reports
[5–8,19,21–23], but had hitherto not been conﬁrmed by a
population study. The utility of Neuropad as a screening
tool is enhanced by its sufﬁcient sensitivity (high in diabetes, modestly high in pre-diabetes). Speciﬁcity is rather
low, without an apparent difference between diabetes and
pre-diabetes. Interestingly, Spallone et al. have shown that
prolonging the application time from 10 to 15 min resulted
in increased speciﬁcity without compromising sensitivity
[20]. In contrast, we have recently reported that prolonged
application time to 15 and 20 min did not improve the
diagnostic performance of the Neuropad in patients within
the ﬁrst year of diabetes diagnosis [25]. Whether prolonged
application might be useful in elderly patients merits
further consideration.
Of note, Neuropad likelihood ratios for polyneuropathy
were not high. In diabetes, the positive likelihood ratio
was similar to that reported by Spallone et al. [20] in a
different series, while the negative likelihood ratio was
slightly better. Accordingly, it appears that results obtained
with Neuropad would beneﬁt from further conﬁrmation or
exclusion of polyneuropathy by established diagnostic
modalities.
Diabetes Metab Res Rev 2012; 28: 692–697.
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In conclusion, Neuropad has a moderately high sensitivity for the diagnosis of polyneuropathy among subjects
with diabetes and a modestly high sensitivity for those
with pre-diabetes in the elderly general population. Its
speciﬁcity is rather low, without any difference between
diabetes and pre-diabetes. The high sensitivity suggests
that it may be used as a screening tool, while its lower
speciﬁcity implies that results would need conﬁrmation
by established diagnostic modalities.
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