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ABSTRACT
Introduction: Conventional nerve conduction studies (NCS) are used in
the electrodiagnosis of diabetic neuropathy. The aim of our study was to
investigate diabetic small fiber neuropathy in newly diagnosed type 2
diabetes mellitus (DM) patient group by using autonomic tests.
Methods: Our study was conducted on 49 patients (24 female, 25 male)
who were newly diagnosed with type 2 DM in the last 3 months and
a control group of 25 volunteers. In addition to conventional NCS,
sympathetic skin response (SSR) and RR interval variability (RRIV) tests
were performed.
Results: The mean upper limb SSR latency of the patient group was
more prolonged than that of the control group, whereas the mean
lower limb SSR amplitude of the patient group was lower than that of
the control group (p=0.002, p<0.001; respectively). The mean resting (R)
and deep inspiration (D) RRIV values of the patient group were lower

than that of the control group (p=0.037, p<0.001; respectively). In the
patient group, the mean R-RRIV and D-RRIV values were found to
be positively correlated with the lower limb SSR amplitude (r=0.006,
r=0.011; respectively). The mean R-RRIV and D-RRIV change rate of the
patient group (D-R)/R was found to be lower than that of the control
group (p=0.002).
Conclusion: In our study, we showed that autonomic function tests were
impaired in newly diagnosed type 2 DM patients who were found not
to have diabetic polyneuropathy by standard electrophysiological study.
These findings suggest that standard electrophysiological tests are not
sufficient in the early stages of the disease.
Keywords: Neuropathy, diabetes mellitus, autonomic nervous system,
sympathetic skin response, RR interval variability
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INTRODUCTION
Diabetes mellitus (DM) is a chronic, hyperglycemic and metabolic disease
that causes complications in almost all organ systems as a result of a series
of pathological events induced by genetic and immune factors. Diabetic
neuropathy is, as other types of peripheral neuropathy, a peripheral nerve
condition that can occur at a clinical or subclinical level during the course
of DM (1). Small myelinated and unmyelinated somatic sensory fibers are
affected initially in patients with a glucose metabolism disorder, which
cause the earliest signs (2). Small fibers can be affected during the period
of reduced glucose tolerance that precedes the onset of diabetes. The aim
of the present study was to investigate diabetic small fiber neuropathy in
newly diagnosed type II DM patients using autonomic nervous system
testing, SSR and RRIV.

METHODS
The study included type II DM patients (n=49) newly diagnosed within
the previous 3 months. The control group (n=25) included age-matched
healthy volunteers without diabetes or high fasting blood glucose.
Neurological examinations were performed in all the patients and controls,
and the Neuropathy Symptom Score (NSS) was 0 in all participants. Type
II DM patients aged <18 years and >65 years, those with endocrinological
or metabolic diseases, malignancy, and cervical or lumbar radiculopathy/
plexopathy, and those that were pregnant were excluded. All the
participants provided written informed consents. Local ethics committee
of Haseki Research and Training Hospital (approval number 258/2015)
approved the study.

Highlights
•

Small fiber neuropathy is one of the earliest findings in
type II DM patients.

•

R-R interval variability can be used for the diagnosis of
small fiber neuropathy.

•

Presence of subclinical neuropathy should be
investigated in patients with type II DM

Electrophysiological Study
Conventional nerve conduction studies (NCSs) of 1 or both arms and legs
were performed in all the participants. In addition, the sympathetic skin
response (SSR) test and R-R interval variability (RRIV) test were performed.
Electrophysiological studies were performed using a Medelec Synergy
electromyography device (Medelec Synergy EMG, Oxford Instruments
Medical, Old Working, UK), and surface bar recording and bipolar surface
recording electrodes (Teca Corp.). During all testing procedures room
temperature was maintained at a mean 25°C and the participants’ skin
temperature was maintained at >33°C.
For motor conduction studies, the median nerve was stimulated at the
wrist and elbow, and the compound muscle action potential (CMAP),
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motor distal latency (MDL), and median nerve conduction velocity
between the wrist and elbow were recorded over the APB muscle. The
ulnar nerve was stimulated at the wrist, below the elbow, and above the
elbow, and CMAP was recorded over the abductor digiti minimi muscle.
Tibial motor nerve conduction study was performed by recording over
the abductor hallucis muscle, and stimulating the nerve over the internal
malleolus and popliteal fossa. Peroneal motor nerve conduction study was
performed by recording over the extensor digitorum brevis muscle, and
stimulating the nerve over the ankle, below the knee, and above the knee.
Distal latency, conduction velocity, and CMAP amplitude were evaluated
in all motor conduction studies. F-wave response was measured over the
N. ulnaris in the arms and over the N. tibialis in the legs.
For sensory conduction studies, sensory recordings were made over
the wrist by orthodromically stimulating the 2nd digit with a digital ring
electrode for the median nerve and orthodromically stimulating the
5th digit with a digital ring electrode for the ulnar nerve. For sensory
conduction study of the sural nerve the sensory action potential (SNAP)
was recorded by positioning disc electrodes behind the lateral malleolus
and applying stimulation approximately 14 cm proximal to the mid-calf.
SNAP distal and peak latencies, sensory conduction velocities, and SNAP
amplitudes were evaluated. Filtering was set in the range of 20–2000
Hz for sensory nerve studies and 2–10.000 Hz for motor nerve studies.
Sensory nerve recordings were averaged, and the mean number was
determined to be 8–10 potential.
For SSR recordings, the active electrodes were placed on the palm of
the hand and on the medial part of the sole of the foot; the reference
electrodes were placed on the back of the hand and foot dorsum.
Electrical stimulation 0.1-ms in duration with a current intensity of
1–30 mA was delivered to the limb on the same side of the recording
limb, to the median nerve in the arm, and to the tibial nerve in the leg.
Recording was unilaterally performed on the right side. Band fast filters
were set between 1 Hz and 1000 Hz, with sensitivity set to 0.5 and 1.0.
The participants were warned at least one minute intervals to prevent
habituation to the stimulation. Participants received stimulation 5 times
and the response with the highest amplitude was chosen for analysis. No
response was considered if there wasn’t a response after ≥10 recordings.
SSR latency was calculated at the region in which the first potential was

Table 1. Age and gender distribution in the patient and control groups

Gender

Male
Female

Age (years)

Patient (n=49)
n
%
25
51.0
24
49.0
49.2±8.7
50

Control (n=26)
n
%
12
46.2
14
53.8
48.4±7.3
46

P
0.688
0.697

*p<0.05; n: Number

separated by the isoelectric line, where SSR amplitude was calculated
from peak to peak.
RRIV was evaluated at rest and during deep inspiration. Active and
reference recording electrodes were placed on the right and left thumbs.
The sweep velocity was set to 100–200 µs/div, the sensitivity was set to
200–50 µV/div, and the frequency band was set to 10–100 Hz. Using the
trigger mode, the sweep velocity and trigger sensitivity were adjusted
so that 2 QRS complexes could be observed on the screen, and the first
QRS complex was considered the trigger potential. The mean temporal
variation of the second QRS complex, as compared to the first QRS
complex, was considered RRIV. In all, 20 traces were recorded and
overlapped. In total, 5 groups consisting of 20 traces were recorded at
rest, and 2 groups were recorded during deep inspiration. RRIV was
calculated as the percentage of the mean R-R interval value, as follows:
[(RRmax – RRmin)/RRmean]×100. The RRIV% change rate was calculated
for each patient as follows: [(inspiration RRIV – resting RRIV)/resting
RRIV]×100

Statistical Analysis
SPSS for Windows v. 15.0 (SPSS, Inc., Chicago, IL) was used for statistical
analysis. Descriptive statistics are given as number and percentage for
categorical variables, and mean ± standart deviation (SD) and median for
numerical variables. Student’s t test was used to compare 2 independent
groups when numerical variables were normally distributed, and the
Mann-Whitney U test was used when numerical variables were not
normally distributed. Spearman’s correlation analysis was used to
analyze correlations between the numerical variables due to the lack of
parametric test conditions. Rates in the groups were compared using the
Chi-square test. The level of statistical significance was set at p<0.05.

RESULTS
Mean age of the patients was 49.2±8.7 years, whereas it was 48.4±7.3
for the controls (Table 1). There were no abnormalities in NCS results.
There weren’t any significant differences in gender or age distribution
between the patient and control groups. In the patient group the mean
fasting blood glucose level was 161.6±53.4 mg dL and mean HBA1C
was 8.4±2.1%. In 2 patients, SDR response could not be obtained in the
lower extremities. SSR and RRIV results are shown in Table 2. Mean SSR
latency in the arm was significantly longer (p=0.002) and SSR latency in
the leg was significantly shorter (p<0.001) in the patient group than in the
control group. Mean resting and inspiration RRIV values in the patient
group were significantly lower than in the control group (p=0.037 and
p<0.001, respectively). In the patient group there was a significant positive
correlation between mean resting and inspiration RRIV, and mean SSR
amplitude for the leg (rho=0.006 and rho=0.011, respectively) (Table 3).
The mean resting-inspiration RRIV% change in the patient group was
significantly lower than in the control group (p=0.002) (Table 4).

Table 2. Comparison of electrophysiological studies of the autonomic nervous system in the patient and control groups

Patient
SSR Arm
SSR Leg
RRIV

Control

Mean

Median

Mean

Median

P

Latency

1442.3±218.5

1455

1367.5±80.9

1370

0.002*

Amplitude

1890.8±1068.2

1696

2600.8±2158.7

1571

0.755

Latency

2024.0±562.6

2100

2015.0±277.1

2010

0.308

Amplitude

913.5±525.9

864

1791.9±1064.4

1508.5

<0.001*

Resting

11.1±6.0

10

13.4±5.2

14.4

0.037*

Inspiration

15.7±7.6

13.2

22.7±5.7

23.1

<0.001*

*p<0.05; RRIV: R R interval variability; SSR Arm: Sympathetic skin response in the arm; SSR Leg: Sympathetic skin response in the leg.
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Table 3. The correlation between SSR with RRIV in the patient group

Patient Group
RRIV

Resting
Inspiration

SSR Arm Latency
rho
p
0.194
0.182
0.108
0.459

SSR Arm Amplitude
rho
p
-0.243
0.093
-0.259
0.073

SSR Leg Latency
rho
p
-0.092
0.529
-0.106
0.469

SSR Leg Amplitude
rho
Rho
0.387
0.006*
0.359
0.011*

*p<0.05; RRIV: R R interval variability; SSR Arm: Sympathetic skin response in the arm; SSR Leg: Sympathetic skin response in the leg

Table 4. Comparison of the resting-inspiration RRIV% change rate** in the patient
and control groups

Resting-inspiration RRIV% change
Group

Mean±SD

Min.-Max.

Median

P

Patient

47.6±30.8

1.7–147.1

40.4

0.002*

Control

85.9±58.5

10.7–228.2

64.6

*p<0.05; **Resting-inspiration; RRIV% change: equation: [(Inspiration RRIV – resting
RRIV)/resting RRIV]×100; RRIV: R R interval variability, SD: standart deviation;
min: Minimum, max: Maximum

DISCUSSION
A prolonged high blood glucose level in diabetic patients is known to
cause diabetic neuropathy. Small myelinated and unmyelinated somatic
sensory fibers are the first type of fiber to be damaged in a glucose
metabolism disorder. Damage to these small fibers can also occur during
the period of reduced glucose tolerance before the onset of diabetes
(2). Large fiber neuropathy can be electrophysiologically detected by
standard conduction studies; however, small fiber neuropathy can be
easily overlooked using conventional electrophysiological testing. Many
researchers have reported RRIV and SSR changes in patients with diabetic
polyneuropathy; however, to the best of our knowledge the literature
does not include any studies on autonomic involvement/small fiber
involvement in diabetic patients without polyneuropathy. A study that
included clinically proven autonomic involvement in type II DM patients
reported that QT dispersion was an electrophysiological marker (3). In
addition, many studies have shown that SSR and RRIV are valuable tests
for identifying autonomic involvement in diabetic patients with sensorymotor polyneuropathy (4).
Unlike earlier studies, the present study included type II DM patients
without evident polyneuropathy. Conventional NCSs were performed in
the present study’s patients newly diagnosed as type II DM in the previous
3 months and those found to have polyneuropathy were excluded from
the study. The presence of small fiber neuropathy was investigated
based on SSR and RRIV values in the present study and the findings
were compared to those in the control group. In numerous studies SSR
was observed to be a sensitive test of autonomic functioning; however,
there is no consensus on which parameter should be considered in the
evaluation of SSR. Studies that compared SSR amplitude and latency
values in diabetic patients and controls reported variable findings;
some reported that only SSR loss should be considered as an abnormal
finding, while others suggest an amplitude and/or latency difference of
>50% is considered abnormal. In the present study, SSR loss in type II
DM patients was only 4%, most likely because those with polyneuropathy
were excluded. Mean SSR latency for the arm in the patient group was
significantly longer than it was in the control group, whereas mean SSR
amplitude for the leg in the patient group was lower than it was in the
control group. The present findings are in agreement with earlier reports;
however, to the best of our knowledge, the present study is the first to
investigate these parameters in both arms and legs (5–7). As diabetic
polyneuropathy is a length-dependent condition, we think that the
observed difference in amplitude in the legs is a more reliable finding.

Since the 1970s, heart rate variability has been used to identify autonomic
neuropathy in diabetic patients (8). Some studies have shown that RRIV,
which is measured via 24-h Holter rhythm monitoring, is a sensitive
and reliable method for evaluating cardiac autonomic dysfunction (9).
In other recent studies it was reported that RRIV is a good marker for
glycemic control and follow-up in patients with type 1 DM and type II DM
(10–12). Subsequently, it was observed that RRIV decreases during rest
and deep inspiration in patients and healthy controls, and the decrease
is greater in neuropathic patients with autonomic dysfunction than in
those without autonomic dysfunction. That study also reported that the
RRIV difference (D-R) and rate (D/R) at rest and during deep inspiration
did not differ between patients and controls (13). In the present study
we devised a novel equation based on this approach that we think is a
better mathematical formula (RRIV change rate=(D-R/R) × 100). Using
this novel equation, it was observed that the mean rate of increase in the
patient group was significantly lower than it was in the control group.
Moreover, the mean resting and inspiration RRIV change rates in the
patient group were positively correlated with the SSR amplitude for the
leg. These findings indicate that the resting-inspiration RRIV change rate
is consistent with the SSR studies in terms of neuropathy.

CONCLUSION
The present study’s findings show that SSR and RRIV are good
electrophysiological markers of small fiber neuropathy in newly
diagnosed type II DM patients.

This manuscript is presented as an oral presentation in National Neurology Congress, 54th
in Antalya, November 30th 2018.
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