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Summary The purpose of this study was to investi-
gate whether young insulin-dependent diabetic pa-
tients still develop peripheral nerve dysfunction
when using modern multiple insulin injection ther-
apy and to elucidate if this correlated with various
disease parameters. Seventy-five patients, 7 to
20 years old with a duration of diabetes of more than
3 years, and 128 age-matched healthy control sub-
jects underwent bilateral studies of median, pero-
neal, and sural nerves. Presence of diabetes lowered
motor conduction velocity (p < 0.0001), sensory con-
duction velocity (p <0.0001) and sensory nerve ac-
tion potential (p <0.05) in all examined nerves. The
mean change in conduction velocity induced by dia-
betes was —4.8 m/s in the peroneal nerve, 3.3 m/s in
the median motor nerve, —2.6 m/s in the sural nerve
and -2.4 m/s in the median sensory nerve. Fifty-se-
ven percent of the patients had abnormal conduction

(values outside 95 % predictive interval) which was
seen most often in the motor nerves, especially in
the peroneal nerve (41 %) followed by the median
nerve (24 %). In multiple regression analysis, long-
term poor metabolic control and increased body
length correlated with nerve dysfunction identified
in most examined parameters. Three patients had
signs or symptoms suggestive of neuropathy. It is con-
cluded that despite modern multiple insulin injection
therapy, with reasonably good metabolic control,
nerve dysfunction is still common in children and ad-
olescents with insulin-dependent diabetes mellitus.
Risk factors are increased height and long-term poor
metabolic control. [Diabetologia (1995) 38: 685-692]

Key words Insulin-dependent diabetes mellitus, chil-
dren, neuropathy, nerve conduction velocity, glyc-
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Peripheral neuropathy is a common complication of
insulin-dependent diabetes mellitus (IDDM) [1],
which increases in frequency with the duration of dis-
ease [2-4] and is uncommon in children [5]. Although

Received: 3 October 1994 and in revised form: 2 December
1994

Corresponding author: Dr. L. Hyllienmark, Department of
Clinical Neurophysiology, University Hospital, S-58185 Lin-
koping, Sweden

Abbreviations: IDDM, Insulin-dependent diabetes mellitus;
MIT, multiple insulin injection therapy; MCV, motor nerve
conduction velocity; CMAP, compound muscle action poten-
tial; DML, distal motor latency; SCV, sensory nerve conduc-
tion velocity; SNAP, sensory nerve action potential.

unproven, we assume that overt neuropathy with
symptoms is preceded by a subclinical form which is
important to detect and describe. Electrophysio-
logical studies of nerve conduction velocity are prob-
ably our most sensitive tools to quantify early abnor-
malities [6-8]. Such studies exist in paediatric pa-
tients on conventional treatment [9-22] but not in pa-
tients on modern multiple insulin injection therapy
(MIT). The benefits of using MIT with tight metabol-
ic control on diabetic late complications have been
clearly shown [23-26]. The aim of the present study
was to ascertain whether young IDDM patients us-
ing MIT still develop peripheral nerve dysfunction
and to elucidate if this correlated with various dis-
€ase parameters.



686

L. Hyllienmark et al.: Subclinical nerve dysfunction

Table 1. Clinical characteristics of the patients studied and subjects who dropped out of the study

IDDM patients (n = 75)

Dropouts (n = 6)

Age (years)?

Height (cm)?

Gender (male/female)

Age of onset (years)?
Duration of diabetes (years)?
HBA, /year (%)*
Anti-GAD positive (%) 27
Fasting C-peptide positive (%) 18

46/29

15.4 £3.6 (7-20)
164 % 17.1 (122-197)

73+3.7 (1.1-16.1)
82+35(3.3-174)
7.0 1.1 (4.8-11.1)

16.0+ 1.4 (14-17)
167 +8.8 (157-183)
15

72+48 (1.1-11.7)
8.8+5.8(32-16.4)
7.4+0.9 (6.6-8.7)
33

17

® Data are shown as mean + SD (range)

Subjects and methods

Subjects. All 83 IDDM children and adolescents more than
7 years of age attending the Paediatric Clinic, University Hos-
pital, Linkoping, Sweden who had a duration of disease of
more than 3 years were considered for participation in the
study. Two patients were excluded; one 15-year-old boy with
Mb Down and one 16-year-old girl with severe scleroderma.
Six patients did not want to participate in the study which re-
sulted in a final study population of 75 subjects (Table 1).
Each patient attended once, undergoing the clinical examina-
tion and the peripheral nerve tests. All patients were treated
with either multiple injection therapy (4-7 daily doses of insu-
lin) or treated with insulin pump.

Laboratory examinations. Capillary blood glucose was mea-
sured in 46 patients just before the nerve conduction examina-
tion using the hexokinase method with Accutrend mini
(Boehringer Mannheim, Mannheim, Germany). Data on
glycated haemoglobin (HbA,/HbA, ) were collected retro-
spectively from the medical records for each patient and the
mean for each year (about four values) was calculated and
then the mean for the whole period of disease (long-term me-
tabolic control). Ion exchange chromatography with a mini-
column method (Quicksep; Isolab, Akron, Ohio, USA) was
used to analyse HbA; in 1980 when the method was intro-
duced. From 1984 an HPLC-method (Auto A, HA 8110,
Boehringer Mannheim) was used, first giving HbA | and from
1986 HbA,.. Since 1993 a DCA 2000 is used. The normal
range for the HbA, -method in use from 1986-1993 was 3.2~
6.0%, and the normal ranges for the other methods corre-
spond well with this interval when transformed [27]. Fasting
serum C-peptide [28] was examined in blood collected within
a year of the examination. Residual C-peptide was defined as
more than 0.05 nmol/l. The physiological range was 0.35-0.85
nmol/l, mean 0.53 nmol/l [29]. The duration when the pa-
tients had C-peptide secretion was defined as from the time
when insulin treatment was started to the time when fasting
C-peptide values were below 0.05 nmol/l in two consecutive
measurements. Presence of GAD antibodies (GAD-ab) was
evaluated with an immunoprecipitative method [30] and val-
ues exceeding 0.055 GAD-units were regarded as a positive
test.

Neurophysiological examinations. Studies were performed
with a standard technique using surface electrodes [31]. Mo-
tor nerve conduction velocity (MCV), compound muscle ac-
tion potential (CMAP) and distal motor latency (DML)
were determined bilaterally in the median and peroneal
nerves. Sensory nerve conduction velocity (SCV) and sen-
sory nerve action potential (SNAP) amplitude were deter-

mined bilaterally in the median and sural nerves. Complete
nerve conduction studies were performed in all diabetic sub-
jects except two who were examined in both arms but only
in one leg. In one patient the data from one arm were dis-
carded, since he was in the recovery phase after breaking
that arm. The examination was performed in a warm room
(21-23°C). The arms and legs of all patients were warmed
with heat pads for at least 10 min prior to the nerve conduc-
tion measurements, in order to obtain skin temperatures
around 34 °C. All patients were examined by the same experi-
enced technician.

Clinical evaluation and examination. A standard direct inquiry
was made for heredity of neurological disease, presence of dis-
ease known to influence peripheral nerve function and typical
symptoms of neuropathy modfied after Dyck et al. [32]. The
tendon reflexes were examined in quadriceps and gastrocne-
mius bilaterally, and if absent also in biceps, triceps and
brachioradialis bilaterally, and the vibration sense was tested
in the big toe bilaterally with a 128 Hz tuning fork. These tests
were all made by one of the authors (LH). The study was
done according to the Helsinki Declaration of 1975, and ap-
proved by the Ethical Committee, Faculty of Health Sciences,
Link6p.

Statistical analysis

Multiple regression analysis with height (H) and limb tempera-
ture was used to test the influence of diabetes on MCV, SCV,
CMAP, SNAP and DML. Individual values were defined as
abnormal when they were outside the calculated 95 % pre-
dicted intervals ( = 2SD} in the data from the control subjects.
All nerve conduction data are described in relation to the
height of the diabetic patients and the control subjects. Con-
duction parameters in healthy children and adolescents are
calculated using the following formulae: median MCV =
52.6+0.043 xH, peroneal MCV =62.1-0.065 x H, median
SCV =46.9 + 0.073 x H, sural SCV =555+0.004 xH, log
(median SNAP) = 1.40 + 8.0 x 10° x H, log,,(sural SNAP) =
1.66-3.5x 10° x H and median DML =1.26+ 9.5 x 102 x H.
The value of each conduction parameter in each diabetic pa-
tient minus the corresponding value in control subjects of the
same height was taken as a measure of nerve dysfunction and
was tested against disease parameters using correlation analy-
sis and multiple regression. Effects were judged to be non-sig-
nificant when p > 0.05.
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Fig.1a~-d Effect of diabetes on motor (MCV) and sensory
nerve conduction velocity (SCV) as a function of height in
400 nerves from 203 children and adolescents (O healthy con-
trol subjects, @ IDDM patients). Solid line shows data

Resuits

Clinical evaluation and glycaemic control. No patient
had a history of neurological or metabolic disease be-
sides diabetes, of alcohol abuse or was taking any
medicine known to influence peripheral nerve func-
tion. One diabetic woman, 20 years old smoked
more than 5 cigarettes per day. Two patients re-
ported possible symptoms associated with neuropa-
thy. One boy, age 15, reported reduced sensation in
the fingertips occasionally, and another boy, age 14
complained of his hands falling asleep now and then.
Tendon reflexes were present in all but one patient
(a 20-year-old male) who had absent bilateral re-
flexes in the gastrocnemius, quadriceps and biceps
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from healthy control subjects using linear regression {equation
given in Methods) and the broken lines show 95 % predictive
intervals. (a) median MCV, (b) peroneal MCV, (¢) median
SCV, (d) sural SCV

brachii muscles. He had had diabetes for 17 years,
his mean HbA, was 9.3 %. No patient had ketonuria
within the last 14 days prior to examination and none
was in a period of extremely poor metabolic control
according to recent HbA, values, measuring
7.2+1.2 (SD)% with a range 4.7-10.3 %.

Effect of diabetes on nerve conduction. Presence of
diabetes lowered MCV  (p<0.0001), SCV
(p <0.0001) and SNAP (p < 0.05) in each examined
nerve and DML in the median nerve was prolonged
(p <0.05) (Fig.1a—d). DML in the peroneal nerve
and CMAP in the median and peroneal nerves were
not influenced by the presence of diabetes. The
mean value of the change induced by diabetes was
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Table 2. Skin temperatures over nerve segment (°C)

Nerve IDDM patients

(n =148)

Control subjects
(n=254)

Median MCV?*  33.6+ 1.1 (31.0-36.5) 33.3% 1.1 (30.3-36.3)
Peroneal MCV® 33,5+ 1.2 (31.0-36.3) 332 % 1.2 (30.5-36.7)
Median SCV* 343 £0.92 (32.0 - 36.5) 33.7 £ 1.1 (31.1-36.6)
Sural SCV*  34.0+13 (31.8-37.0) 33.6+13 (30.5-36.5)

@ Data are shown as mean = SD (range)

—3.3 m/s in median MCV, —4.8 m/s in peroneal MCV,
2.4 m/s in median SCV, 2.6 m/s in sural SCV,
2.4 uV in median SNAP, -1.5 uV in sural SNAP and
0.08 ms in median DML. The skin temperature was
slightly higher in the patients than in the control sub-
jects (Table 2). Measurements in the control group
have shown that higher skin temperature is related
to higher conduction velocity (unpublished data) but
the data shown in Figure 1 have not been adjusted
for temperature differences.

In 32 (43 %) out of 75 examined patients MCV,
SCV, SNAP in all examined nerves and median
DML bilaterally were within the normal range. Only
one abnormal parameter (on right or left side, or bi-
laterally) was detected in 14 (19 %) patients. Two
parameters were abnormal in 17 (23 %) patients,
three parameters were abnormal in six (8 %), four
parameters in four (5 %), and five parameters were
abnormal in two patients. No patient had abnormal
values in more than five parameters. The peroneal
MCV was most frequently affected, showing abnor-
mal values in 61 (41 %) out of 148 examined nerves.
The percentages of abnormal parameters were 24 %
in median MCV, 7% in median SCV, 6% in sural
SCV, 5% in each of median DML, median SNAP
and sural SNAP. Thirty-three (44 %) of the 75 pa-
tients had abnormal peroneal MCV on at least one
side, and in 32 % median MCV was abnormal, in
15 % median SCV, in 9 % median SNAP, in 8 % sural
SCV, in 8% sural SNAP and in 7% of the patients
median DML was abnormal on at least one side.

Effect of metabolic control. Table 3 shows how nerve
dysfunction defined as height compensated deviation

L. Hyllienmark et al.: Subclinical nerve dysfunction

from the reference value (see Methods) correlated to
different parameters. Long-term poor metabolic con-
trol correlated with nerve dysfunction identified in
the peroneal MCV (p <0.0001) (Fig.2), median
MCV (p <0.05), median SCV (p <0.05), sural SCV
(p < 0.05), median SNAP (p < 0.05) and sural SNAP
(p <0.05). Poor metabolic control during the last
year (mean of about four values of HbA, ) corre-
lated with dysfunction of the median and peroneal
MCYV, although not as strongly as the long-term poor
metabolic control. Metabolic control during the last
months (present HbA, value) correlated with dys-
function in the peroneal and median MCV and med-
ian and sural SNAP. For sural SNAP this correlation
was stronger than with the long-term poor metabolic
control. Blood glucose measured in connection with
the nerve conduction examination was 9.1 mmol/l
(mean, range 4.0-17.8 mmol/l). High blood glucose
at examination correlated with nerve dysfunction
identified in the peroneal MCV (p <0.001) (Fig.3),
sural SNAP (p <0.001), median MCV (p <0.05),
median SCV (p < 0.05), median SNAP (p < 0.05) and
sural SCV (p < 0.05). Dysfunction identified in med-
ian SNAP sural SCV and sural SNAP correlated
more with high blood glucose at examination than
with long-term poor metabolic control.

Influence of height, age, age of onset, diabetes dura-
tion, and C-peptide. Although the normal influence
of height on nerve conduction has been considered it
is evident in Figure 1 that nerve dysfunction was
more common in tall children and adolescents. Ta-
ble 3 shows that increased height of the patient corre-
lated with nerve dysfunction in median MCV
(p <0.0001), peroneal MCV (p < 0.0001), sural SCV
(p < 0.0001), median SCV (p <0.05), median SNAP
(p < 0.05) and sural SNAP (p < 0.05). Nerve dysfunc-
tion was also correlated to the age of the patient in
three of the measured conduction parameters (med-
ian MCV, peroneal MCV and sural SCV). However,
these correlations were not as pronounced as for
height (see Table 3). Dysfunction in median and per-
oneal MCV was correlated to older age of onset
(p < 0.05). Duration of disease was only correlated

Table 3. Correlation (r) between nerve dysfunction and patient parameters

Nerve Long- HbA,, HbA,, Blood Duration Presence  Duration Height Age Age of
term last year lastvalue glucose of diabe-  of C-pep- of C-pep- n=148 n=148 onset
HbA,, n=148 n=148 n=92 tes tide tide n=148
n=148 n=148 n =146 n=143
Median MCV ~ -0.25° -0.22° -0.24¢ -0.24°  -0.20° -0.02 -0.23° -037¢ 037 -0.17°
Median MDL 0.08 0.03 0.08 0.01 -0.11 -0.06 0.04 0.09 0.05 0.15
Peroneal MCV  -0.42*  -0.33° -0.38° ~036°  —0.10 -0.04 —-0.18° -033* -033* -0.21°
Median SCV —-0.22¢ -0.06 -0.15 -022¢ -0.06 -0.07 -0.14 -0.22¢ 015 -0.09
Median SNAP -0.18°  -0.14 —0.18¢ -0.21¢ -0.08 0.10 -0.11 -0.23¢ -0.10 -0.04
Sural SCV -0.16° -0.08 -0.10 —0.25¢ -0.15 0.01 —0.08 -0.38 -028 -0.12
Sural SNAP -0.18° —0.09 -0.23¢ -0.34° 0.04 0.02 -0.21° -0.19¢  -0.06 -0.10

2 p < 0.0001; ©p <0.001; ©p<0.05
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Fig.2 Nerve dysfunction identified in peroneal MCV as a func-
tion of long-term metabolic control (defined in Methods) in
148 nerves from 75 patients with IDDM. Solid line obtained
from linear regression analysis according to equation y = 4.2~
1.3x, = 0.42. Dotted line shows expected value from healthy
control subjects and dashed line lower limit for 95 % predic-
tive interval
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Fig.3 Nerve dysfunction identified in peroneal MCYV as a func-
tion of blood-glucose at examination in 92 nerves from 46 pa-
tients with IDDM. Solid line obtained from linear regression
analysis according to equation y = -2.6-0.31x, r = 0.36. Dotted
line shows expected value from healthy control subjects and
dashed line lower limit for 95 % predictive interval

with decrease in median MCV (p <0.05). Neither
presence of GAD-ab nor the sex of the subject corre-
lated with nerve dysfunction.

Detectable levels of C-peptide were found in 67 of
72 patients at diagnosis (mean 0.19 nmol/l, range

689
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Fig.4 Nerve dysfunction identified in median MCV as a func-
tion of duration of C-peptide in 143 nerves from 72 patients
with IDDM. Solid line obtained from linear regression analy-
sis according to equation y = ~2.1-0.30x, r = 0.23. Dotted line
shows expected value from healthy control subjects and
dashed line lower limit for 95 % predictive interval

0.02-0.63 nmol/l) and after 2-3 years diabetes dura-
tion in 26 of 72 patients. At the neurophysiological
examination 13 of 73 patients had detectable levels
of circulating C-peptide. Five patients had levels
from 0.06-0.11 nmol/l, 6 patients had levels of 0.12—
0.34 nmol/l and only two patients had values within
the physiological range. Neither presence of remain-
ing C-peptide secretion nor number of years without
C-peptide secretion correlated with nerve function.
However, there was a weak correlation (p < 0.05) be-
tween nerve dysfunction identified in median and
peroneal MCV and sural SNAP and the number of
years with detectable C-peptide secretion (Fig.4).
This was further analysed in the multiple regression.

Multiple regression. In order to perform a multiple re-
gression analysis any possible correlation between
long-term HbA,,, blood-glucose at examination,
height, number of years with C-peptide secretion, du-
ration of disease and age of onset was examined.
Both age of onset and duration of disease correlated
to height (p <0.0001) so they were not included in
the multiple regression analysis. Of the remaining
parameters there was a correlation between high
blood glucose at examination and long-term poor
metabolic control (r=0.37, p <0.0001). Blood glu-
cose at examination was only examined in 60 % of
the patients and therefore it was excluded in the fur-
ther analysis. Height and number of years with C-
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peptide secretion did not correlate to each other or to
long-term poor metabolic control so they were in-
cluded in the multiple regression analysis. Increased
height had a stronger negative effect on nerve func-
tion than long-term poor metabolic control in med-
tan MCV and SCV, sural SCV and SNAP and median
SNAP. Long-term poor metabolic control had a
stronger effect only in peroneal MCV. Number of
years with C-peptide secretion was still associated
with nerve dysfunction in median MCV and sural
SNAP (p <0.05) but not in peroneal MCV. An indi-
cation of the strength of the regression model are
the r* values which were: 0.28 for peroneal MCV,
0.22 for median MCV, 0.17 for sural SCV, 0.10 for
median SCV and sural SNAP, and 0.08 for median
SNAP.

Correlation between nerve conduction parameters.
Dysfunction of peroneal MCV indicated dysfunction
also in the other parameters of nerve conduction.
Peroneal MCV correlated with median MCV
(r=0.60, p<0.0001), median SCV (r=030,
p <0.001), sural SCV (r=046, p<0.0001), sural
SNAP (r=0.19, p <0.05), median DML (r=-0.22,
p <0.05) and median SNAP (r = 0.16 NS).

Discussion

The most important findings of this study are (1) that
despite modern MIT-treatment with reasonably good
metabolic control nerve dysfunction is still common
in an unselected group of children and adolescents
with IDDM (2) that a decrease in conduction veloc-
ity is more common in motor than in sensory nerves,
and (3) that poor metabolic control and high body
length are independent risk factors for nerve dysfunc-
tion. It is noteworthy that only 3 of the 75 patients
had any signs or symptoms of neuropathy.

A decrease in both MCV and SCV has previously
been demonstrated in children and adolescents with
IDDM [14, 16, 21]. However, this is the first study in
which all patients have received MIT-treatment.
Since in Sweden all children and adolescents with dia-
betes within a geographic region attend the same hos-
pital clinic this material is unselected. There were
very few drop-outs, and their clinical data did not dif-
fer from those of the remaining group. Therefore, our
results are based on a representative population of
children and adolescents with IDDM.

Abnormality was most clearly seen in the peroneal
nerves where the decrease in MCV was largest and
most common, followed by a decrease in median
MCV. Sensory nerve conduction (SCV and SNAP)
was less often affected. This distribution is similar to
the one found in adult patients with diabetic neuropa-
thy [8, 33, 34] and in children with IDDM [16, 21].
Earlier studies in adults with overt diabetic neuropa-
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thy have suggested that sensory nerve fibres are af-
fected before motor fibres [33, 35]. However, this is
not corroborated by our results indicating that in
large myelinated fibres which are studied with the
present neurographic techniques, motor fibres are af-
fected before sensory fibres. Since the present study
was performed in young IDDM patients before neu-
ropathic symptoms have evolved, it should give a bet-
ter picture of the early stages of nerve dysfunction in
these fibre types.

An association between decreased MCV or SCV
and poor metabolic control in young patients with
IDDM has been demonstrated in several investiga-
tions [14, 16, 17, 21, 36, 37]. In the present study we
have distinguished the influence of long-term poor
metabolic control, and found nerve dysfunction to
correlate more to this factor than to the most recent
HbA, -values. Of special interest was the finding
that high blood glucose at examination showed such
a strong correlation to nerve dysfunction. The corre-
lation coefficients (r) were actually higher than the
corresponding values for long-term poor metabolic
control in median and sural SNAP and sural SCV. It
is at present difficult to draw any conclusion from
this finding because of the high correlation between
high blood glucose at examination and long-term
poor metabolic control. Since it has been shown that
MCYV can improve after improved metabolic control,
both in adults [38] and adolescents [39, 40], it may be
that neuropathy is prevented by the introduction of
MIT [25]. Our findings in MIT-treated patients with
a mean diabetes duration of 8.2 years indicate that
very low mean HbA, -values (about 6 %) are re-
quired to prevent nerve dysfunction. On the other
hand, mean HbA, -values over 9% we invariably
related to nerve dysfunction.

Height seems to be an independent risk factor for
development of neuropathy in both young [21, 41]
and adult IDDM patients [42-44]. It is difficult to dis-
cern height as a risk factor since the normal values of
nerve conduction change with height and since there
is a correlation between height and other parameters
such as duration of disease and age of onset. Our
height compensated data confirmed that increased
height is an independent risk factor. Height compen-
sation may explain why we did not find gender to be
a risk factor which contrasts with earlier studies [21,
44]. The negative effect of height on nerve function
may be related to the increase in length of the nerve
fibres, since in diabetic polyneuropathy nerve fibers
lose function according to their length [45] and the
deficits begin, and are more intense distally [45-47].
One possible mechanism for this may be an impair-
ment of axonal transport demonstrated in streptozo-
tocin-diabetic rats [48].

The possible effect of C-peptide on nerve function
was examined in several ways (presence of circulating
C-peptide, duration with and without C-peptide). We



L. Hyllienmark et al.: Subclinical nerve dysfunction

did not find any beneficial effects and could not con-
firm previous reports [13, 43]. It should be noted
that only two patients had circulating C—peptide le-
vels within the physiological range and the levels in
most of the patients may have been too low to be ef-
fective. Late age of diabetes onset correlated to
nerve dysfunction, but since age of onset correlated
strongly to height we believe that increased height ex-
plains this finding. As shown earlier both in peripher-
al somatic [49] and autonomic nerves [50] absence of
GAD-ab does not prevent nerve dysfunction.

From this study we conclude that despite modern
MIT-treatment with good metabolic control nerve
dysfunction is still common in an unselected material
of children and adolescents with IDDM. The most
important risk factors were increased height and
long—term poor metabolic control whereas duration
of diabetes plays a less important role than earlier re-
ported [10-12, 14-16, 41].
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