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Abstract:

® In order to assess the prevalence of diabetic lpergb neuropathy in diabetic

patients 105 type 2 diabetic patients aged (528} ykars, 54 males and 51 females
were investigated.

This study considered the diagnosis of periphesaropathy and it was made when
two or more of the following three abnormalitieBabetic neuropathy symptom,
diabetic neuropathy examination and nerve condadiodies were present.

Prevalence of peripheral neuropathy in diabeatiepts was 76.19 %

It has been found that age, HbAlc % and duratiordiabetes mellitus (DM)

significantly effect the prevalence of peripheralropathy (P < 0.05), while
gender, body mass index, therapeutic regimen ofddil lipid profile (total serum

cholesterol, high density lipoprotein, low densitipoprotein and fasting

triglyceride) not effect the prevalence of periiereuropathy (P > 0.05).

Keywords: Type 2 diabetes mellitus, Peripheral neuropathyy&eonduction study
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Introduction:

Diabetes mellitus is a chronic disease thatiacarhen the pancreas does not produce
enough insulin, or when the body cannot effectivaBe the insulin it produces.
Hyperglycaemia is a common effect of uncontrolledbdtes and over time leads to
serious damage to many of the body's systems, ialipethe nerves and blood
vesselsy)

More than 220 million people worldwide have ditds. Type 2 diabetes comprises
90% of people with diabetes around the world, anlhigely the result of excess body
weight and physical inactivity,

Diabetes mellitus (DM) is a common cause of penigheeuropathy worldwide. In

different studies, the incidence of neuropathy imbdtic patients varies from 10 to 50
percent; a wide variability, is related to the laxfkconsistent criteria for the definition
of peripheral neuropathy,.

Peripheral neuropathy is a common microvasatganplication of diabetes. Diabetic
neuropathy is recognized by the American Diabetessogiation (ADA) as “the
presence of symptoms and/or signs of peripheratendysfunction in people with
diabetes after the exclusion of other cauggs”.

As with other microvascular complications,e thisk of developing diabetic
neuropathy is proportional to both the magnitudd daration of hyperglycemia, and
some individuals may possess genetic attributes daffact their predisposition to
developing such complications.

The precise nature of injury to the peripheeives from hyperglycemia is not known
but is likely related to mechanisms such as padygmumulation, injury from advanced
glycation end products (AGEs), and oxidative stfgss

Peripheral neuropathy in diabetes may manifesteveral different forms, including
sensory, focal/multifocal, and autonomic neuropehi

Clinical manifestations of peripheral neuropathy:

Diabetic polyneuropathy is primarily a symmedticsensory neuropathy, initially
affecting the distal lower extremities. With disegzrogression, sensory loss ascends
and, when reaching approximately mid-calf, appearsthe hands. This gradual
evolution causes the typical "stocking-glove" sepstoss. This pattern reflects
preferential damage according to axon length; éhgest axons are affected first. Motor
involvement with frank weakness occurs in the saatéern, but only later and in more
severe casgs.

The earliest signs of diabetic neuropathy are lfsgibratory sensation and altered
proprioception reflect large-fiber loss, and impant of pain, light touch and
temperature secondary to loss of small fibers.

Diagnosis of diabeticperipheral neuropathy:

The assessment of patients with diabetic netinggaegins with a detailed neurologic
and medical, history and examination and continuiéls electrodiagnostic studies. Up
to this date nerve conduction studies (NCS) renthér most reliable, accurate and
sensitive measure of peripheral nerve functionabetic neuropathy

Nerve conduction studies (NCS) are the mostitemand specific DPN
detection methogy The information is extremely detailed to the extiat the cellular
pathology of a patient's neuropathy is usually wiedi best by physiological testing
rather than by biopsy.
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Nerve conduction velocity (NCV) alteration magtrbe concordant with signs and
symptoms of DN It is generally agreed that DN should not be disgl on the basis
of one symptom, sign, or test alone: a minimumaaf abnormalities (symptoms, signs,
nerve conduction abnormalities, quantitative sgngests, or quantitative autonomic
tests) is recommended,

Nerve conduction can be measured orthodromi¢pHysiological direction of nerve
conduction) or antidromically (opposite to the phimgical direction). Motor and
sensory nerve action potentials can be measuredghrskin electrodes if the nerve is
sufficiently superficial. It is more common (ancchaically easier) to measure motor
nerves by picking up electrical activity from theisale it innervates.

Electrodiagnostical findings in peripheral nqaathymay include:

1. Decreased conduction velocity in demyelinating ropathies (decreased motor
conduction velocity in motor demyelinating neurdpes and decreased sensory
conduction velocity in sensory demyelinating neatbpes).

2. Decreased amplitude of the CMAP or SNAP in axomalropathies (decreased
CMAP amplitude in motor axonal neuropathies andrelesed SNAP amplitudes in

sensory axonal neuropathigs).

Patients and Methods:
Study population:

This study involved 105 type 2 diabetic patien#,ndales and 51 females, aged 35—
60 years with a mean of (52 + 7.8) years.

The patients were randomly selected from diabainic for research and treatment of
diabetes mellitus in the Al-Sader Medical City ih-ANajaf city.

All patients were informed about the aim of stady and the technique of nerve
conduction test and they were convinced to pasdteipin this study then the
electrophysiological tests of peripheral nervesengwne at the unit of neurophysiology
in Al-Sader Medical City in Al — Najaf city.

In this study we evaluate the effect of manyaldes (age, gender, BMI, duration
and control of DM, therapeutic regimen of DM, dimid profiles) on the development
of peripheral neuropathy.

The diagnosis of diabetic peripheral neuropatg made when two or more of the
following three abnormalities were present; symarh diabetic neuropathy, signs of
diabetic neuropathy and positive nerve conductiadiss.

It was difficult to find uniform normal values dICS for selected nerves because of
different distances and different sites of stimolatwere used in different studies and
the resulting normal values were different alsooaginigly. Also in this study we did
search for symmetrical polyneuropathy and cannqgiede on adjacent nerve or
contralateral nerve as standard value.

For reference normal values, this study dependgsae) because their technique is
more similar to the technique used in this study rfeeasurement of the selected
parameters.

Materials:

Micromed System-plus EMG machine was used for elpblysiological analysis of
sensory and motor nerve fibers conduction studibs system includes eight channels
preamplifiers and built-in two isolated stimulatevih separate jacks.
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The stimulus intensity can be manually adjug@®89 mA), and the evoked responses
can be displayed on the monitor, on which four cedscan be displayed at the same
time. The machine also contains an audio-amplifieich helps to localize the site of
stimulation of the nerve in case of the NCS.

For sensory nerve conduction study (SNCS), agddinger ring electrodes was used
to record the antidromic responses from the skitheffinger innervated by the nerve to
be tested. Each electrode is formed of a stairdpaag with a small rubber fixator to
keep them tight fitted on the finger size. Theyeveonnected to the amplifier socket by
an electrode cable. For Sural nerve recording,asarklectrode just like that of the
motor recording were used.

For motor nerve conduction study (MNCS), a phisurface cup electrodes was used
to pick up the responses from the muscle enerviayethe nerve to be tested. Each
electrode is formed of a cup disc with 7 mm diameidese surface electrodes were
connected to the amplifier by an electrode cable.

Methods:

Neuropathy was evaluated using a questionnaire ewmropathic symptoms and
Neuropathy Symptoms Score (NSS) like presence wfopathic pain, parasthesia and
anesthesia. The calculation was done as present @bsent (0). Neuropathic pain was
defined as pain in the limbs in the absence ofthi of trauma or other external cause.

Paraesthesia was defined as a sensation whiahamsacteristically perceived as
tingling, numbness, sharpness or burning while thesg@a defined as a loss of
sensationy)

Three clinical tests were carried out includiagkle reflexes bilaterally (most
sensitive to early diabetic peripheral neuropatbN), joint position sense (of the
interphalangeal joint of the big toe and thumb) aedhsation tqoinprick over the
centre of the palm and sole. The latter was congp&oepinprick sensation at the
midsternal area as reference. The relevant physigalwas defined as absence of joint
position sensation, an absent ankle reflex andcestipinprick sensation in the tested
area compared to the reference area over the siegay

All patients were investigated for serum craagn Lipid profiles (Total cholesterol,
HDL, LDL and Triglyceride), and HbA1lc.

Nerve Conduction Study:

Nerve Conduction Studies were done for all digb@atients using Micromed
System-plus EMG machine. The simplified nerve catidn studies (NCS) protocol
was followed as below:

1) Sural sensory and peroneal motor NCS were perfibrimeone lower extremity. If
both studies were normal, NCS was discontinued.

2) If sural sensory or peroneal motor NCS were ababgriiCS of at least the ulnar
sensory, median sensory, and ulnar motor nerveserupper extremity were done.

3) If a response was absent for any of the nervesgsg or motor), NCS of the contra
lateral nerve was performed.

4) If a peroneal motor response was absent, an t@slatibial motor NCS was
performedig)

Polyneuropathy affects multiple nerves and nfegcamore than one extremity, often
on both sides of the body (symmetrigp,
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Measuring the variables of NCS:

1. Sensory nerve fibers measurements including: Igteranduction velocity and
amplitude for (median, ulnar, and sural nerves).

2. Motor nerve fibers measurements including: distabtan latency, motor
conduction velocity and amplitude for (median, wjnposterior tibial and
common peroneal nerves).

3. F—wave measurements including the latency.

Neurophysiological tests were done in a quiet emvitent in the examining room at
temperature 25 to 28 °gs)

The antidromic method was used for the detertiwinaof the sensory conduction
parameter as it is less time consuming than tHedromic method and is more easier
to the subject and more informative because theensrmore superficial distally at the
fingersyis)

Square wave electrical shocks of 0.1 msec. iuraind a frequency of 1 stimulus/ sec
were used for stimulation. This stimulus intensitys adjusted by gradually increasing
the stimulation current until maximum potentialsr&vevoked on the screem,

For Motor nerve conduction study, Square wave etattshocks of 0.1 msec is used,
and the duration and a frequency of 1 stimulusc/wgere used for stimulation. This
stimulus intensity was gradually increased untilxmmum response evoked on the
screen. Then 20 to 30 % supramaximal stimulatiors waed to guarantees the
activation of all the axons innervated the recaydimuscle is)

Statistical analysis are presented as numbers pditentages for discontinuous
categorical qualitative variables or means = stahddeviation for continuous

guantitative variables. Data were collected, areangnd classified using SPSS
Statistics 17.0 and Microsoft Excel computerizeagpams.

Results:
This cross—sectional study involved 105 diabpttients aged (52 £ 7.8) years, 54
males and 51 females. All patients were expose@itee conduction study.

1) Conduction velocity:In all patients sural nerves (sensory) and sonwler nerves

(sensory and motor) show a decrease in conducteocity, so sural nerve in all
diabetic patients with peripheral neuropathy igetiééd (Table 1).
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Table 1: The results of conduction velocity acaogd to different nerves.

Conduction velocity (m/sec)

Diabetic without Diabetic with
Nerve Peripheral Normal range Peripheral
neuropathy neuropathy
Mean + SD Mean(lower limit) Mean + SD
(n =25) (n =80)
Median (motor) 529+4.4 57.7 (48) 47.8 £6.6
Median (sensory) 47.7+3.4 56.2 (44) 41.2+7.5
Ulnar (motor) 54.7 +5.9 58.7 (49) 52.4 £ 6.97
Ulnar (sensory) 53+3 54.8 (44) 50.1 £10
Common Peroneal 45.6 £5.5 48.3 (40) 41.1+7.3
Posterior Tibial 47.1+5.8 48.5 (41) 39.4 +8.9
Sural 50.6 + 3.7 Vel | sox7s

Lower Limit = mean + 2SD

2) Amplitude: Some of the sensory nerve fibers of upper and Idindrs and some

motor nerve fibers of the lower limbs show a deseea the amplitude while the

amplitude of the motor nerve fibers of upper limere not affected (Table 2).

Table 2: The results of amplitude according to differentves.

Amplitude (mV or pV)
Diabetic without Diabetic with
Nerve Peripheral Normal range Peripheral
neuropathy Mean (ower limit) neuropathy
Mean = SD Mean + SD
(n = 25) (n =80)
Median (motor) 11.6+4.1 > 5mV 9.8+3.9
Median (sensory) 20.3+8.2 30.93 (10uV 11.2+7.3
Ulnar (motor) 10.4 + 3.2 >5mV 9.1+3.2
Ulnar (sensory) 15.7+3.9 22.74 (8.0uV 12.1+£6.6
Common Peroneal 74+1.1 >4 mV 28+23
Posterior Tibial 8.6 +3.3 >5mV 5.98+4.7
Mean =1 SD
Sural 16 £ 3.3 18.12+ 6 pV 11.97 £6.7

Lower Limit = mean + 2SD
3) Latency: The latency of the sural nerve exceed the uppenaldimit while in other

nerves are controversial i.e. exceed in some nexmdswithin normal limits in others

(Table 3).
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Table 3: The results of latency according to different mstv

Latency (ms)
Diabetic without Diabetic with
Nerve Peripheral Normal range Peripheral
neuropathy neuropathy
Mean + SD Mean (upper limit) Mean + SD
(n = 25) (n = 80)
Median (motor) 3.4+04 3.49 (4.2) 3.6+04
Median (sensory) 24+04 2.84 (3.5) 3.2+0.8
Ulnar (motor) 2.8+0.5 2.59 (3.4) 2.8+0.5
Ulnar (sensory) 2.2+0.3 2.54 (3.1) 25+0.7
Common Peroneal 43+0.7 3.77 (5.5) 4.4 +0.7
Posterior Tibial 4.8 +0.98 3.96 (6.0) 5+0.8
Mean + 1 SD
Sural 22+0.3 27403 3.4+0.3

Upper Limit = mean + 2SD

4) F — wave latency:Most of the examined nerves show no prolongatiothefF —
wave latency except in some nerves and this istduine affect of central root by
diabetic neuropathy (Table 4).

Table 4 The results of F-wave latency according to ddfemerves.

F-wave latency (ms)
Diabetic without Diabetic with
Nerve Peripheral Normal range Peripheral

neuropathy neuropathy

Mean = SD Mean Mean + SD

(n = 25) (n =80)

Median (motor) 225%+1.9 25 24.1+1.3
Ulnar (motor) 22+2 25 24.1+1.4
Common Peroneal 39.6 £6.1 47 35.5+9.1
Posterior Tibial 37.1+7.1 46 41.8+4.2
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The prevalence of peripheral neuropathy in diabeticpatients:
Prevalence of PN in diabetic patients = 80 /10808 = 76.19 % (Figure 1)

O Diabetic patients with PN

B Diabetic patients without PN

23.81%

76.19%

Figure 1: Prevalence of peripheral neuropathy in diabetatiepts.

Effect of age, gender and body mass index (BMI) aime development of peripheral
neuropathy in diabetic patients.

There was statistically significant effect oeagf diabetic patients on the development
of peripheral neuropathy (P < 0.05) (Table 5) thdré was no significant effect of
gender and BMI on prevalence of peripheral neutgpat diabetic patients (P > 0.05)
(Table 5).

Table 5: Effect of age, gender and BMI on development ofgb@ral neuropathy in
diabetic patients.

. Without
Variables et (l;l]e_u%oor;athy neuropathy P value
- (n = 25)
Age (year)
30-45 41.9 +2.99 38.7+4.1
46 — 60 56.5 + 4.2 525+39 | <00
Mean + SD
Gender
male 41 (51.25) 13 (52)
female 39(48.75) 12 (48)
No. (%) P >0.05
BMI (Kg/m?)
Mean + SD 28.96 + 5.59 26.92 £ 5.06 P >0.05
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Effect of duration, control and therapeutic regimen of diabetes mellitus on the
development of peripheral neuropathy.

In this study, there was a statistically sigrafit effect of duration and control of
diabetes mellitus on the development of peripheeairopathy (P < 0.05) (Table 6).
However was no significant effect of therapeutigimen of diabetes mellitus on the
development of peripheral neuropathy >B.05) (Table 6).

Table 6: Effect of duration, control and therapeutic reginoérdiabetes mellitus on
the development of peripheral neuropathy.

With Without
Variables neuropathy neuropathy P value
(n =80) (n =25)
Duration of diabetes
(year) 8.9+6.04 55147 P <0.05
Mean + SD
Control (HbAlc)
Mean + SD 842 6.4+1.1 P <0.001
Therapeutic regimen
OHG 77 (96.25) 20 (80)
Insulin 3 (3.75) 5 (20) P>0.05
No. (%)

OHG = oral hypoglycemic

Effect of total serum cholesterol, HDL, LDL and triglyceride on the development
of peripheral neuropathy.

There was no statistically significant effectlipid profile (Total serum Cholesterol,
HDL, LDL and triglyceride) on the development ofripderal neuropathy (B 0.05)
(Table 7).

Table 7: Effect of total serum cholesterol, HDL, LDL and glsiceride on the
development of peripheral neuropathy.

With neuropathy | Without neuropathy

Variables Mean £ SD Mean + SD P value
(n =80) (n =25)
Total cholesterol 212.11 + 60.37 204.08+76.78 | P>0.05
(mgy/dl)
HDL (mg/dl) 39.88 + 11.95 40.12 + 12.02 P > 0.05
LDL (mg_]/dl) 126.89 + 49.96 127.63 £ 61.24 P >0.05

Triglyceride(mg/dl) 226.75 +130.18 181.64 + 86.41 P >0.05

59



Kufa Med.Journal 2011.VOL.14.No.2

Discussion:

Sural nerves (sensory) show a decrease in ctoduwelocity (demyelinated
neuropathy) in all diabetic patients with peripharauropathy, this indicates that the
sensory nerves in lower limbs are more affectedibipetic peripheral neuropathy than
those in upper limbs and more than motor nervegtas is consist withpy)

The amplitude was low (axonal neuropathy) ingbesory nerves of lower and upper
limbs and motor nerves of lower limbs in diabetatipnts with peripheral neuropathy.
This indicate that the diabetic neuropathy begaseatsory nerves then motor nerves
and in lower limbs then in upper limps,

The distal latency of the sural nerves excabdsupper normal limit in diabetic
patients with peripheral neuropathy because in sgnserves, there is only one
distance was measured and since the conductionityeleas measured by:

C.V = Distancéd Latency .. e (@23)
So itis logically when C. V decrease the sensatgrlcy are prolonged and vice versa.

F — wave latency was not prolonged in most testrves and this indicates no root
entrapment (compression) except some nerve in iitalpatients with peripheral
neuropathy. After the exclusion of root compressitimey appear due to central
involvement of diabetic neuropathy.

Diabetes is the leading cause of neuropathy, rendopathy is the most common
complication and greatest source of morbidity amdtality in diabetes patientgy)

In this study of 105 diabetes patients, it hasrbfound that an overall prevalence of
peripheral neuropathy (PN) is 76.19 % (80 patieats) this prevalence seems high for
patients with type 2 diabetes.

Prevalence rates in various studies around tdr&lvhow considerable variatigs as
a result of variations in study design, the metbbdscertainment (i.e. symptoms only,
signs and symptoms, electromyography / nerve cdimdustudies (EMG/NCS), or
composite parameters), the examination of patiantdifferent stages in the natural
history of diabetes, or in the definition of PN,dathe study of selected populations,
from as low as 1.5% to as high as 1Q8%omaking comparisons between studies of
limited value.

Some authors considered findings on physicainexation indicative of neuropathy
while others regarded minor parasthesia as neumgpananifestations in yet
asymptomatic patientss,

The prevalence of diabetic PN in type 2 diabetitpatients in Chinese city hospitals
is 17.2%7), PN was seen in 34.7% of diabetics in Al Ain, @ditArab Emirategs,,
13.7% to 35.9%, in Saudi Arabigg), in a Turkish study the overall prevalence of
neuropathy in patients with type 2 diabetes was @@f/tthe prevalence of PN among
Iranian (in the Isfahan area) patients with typligbetes was (75.1%),

The present study confirms the well establishesbeaation between the prevalence of
PN and age in a diabetic population (P < 0.05).sTtmding agrees with other
observationgs1) who find that diabetic neuropathy can occur at agg but is more
common with increasing age of diabetic patientsweleer, this result disagrees with
others such agp) who found no significant relation between the agd abnormal NCS.
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The factor of age in the development of distal diebneuropathy could be due to:
1) Increase in duration of diabetes as the age addance

2) Higher incidence of concomitant atherosclerosidilegto PN.

3) Lowering of the resistance of the peripheral nerve.

In this study, there was no statistically sigraiht effect of gender on the development
of PN (P > 0.05) and this finding agrees with otbbservatiog,), but not with other
observationss) which show that male diabetic patients had maileto develop diabetic
neuropathy than female diabetic patients. Otheemiasions find that a percentage of
women with severe clinical neuropathy was signiftbahigher than that of megy)

This study observed that prevalence of diab®ticropathy in obese diabetics is more
than in normal BMI but not significant statistigall This is corroborated with the
finding of Akbar, (2002)s5) Other studies have shown associations of neurgpéth
BMI. (36

There was significant association between pergdhneuropathy and duration of
diabetes and poor glycemic control. Other studieewed significant correlation
between the presence of diabetic peripheral netirgppath duration of diabetgszy A
study observed in a cohort of 4400 subjects thafptievalence of DPN increased from
7% within 1 year of diagnosis to 50% for those vdtabetes for more than 25 yeags,

The results from the Diabetes Control and Cocagibns Trial (DCCT) and the
United Kingdom Prospective Diabetes Study (UKPD&)vncingly demonstrated the
importance of glycemic control for the preventiohnoicrovascular complications of
diabetes and there is a strong association bethwgmerglycemia and the incidence and
progression of microvascular and macrovascular ¢icatpns. sg)

In this study, there was no significant effe€ttlwerapeutic regimen of DM on the
development of PN (P > 0.05). In univariate analysie found that the prevalence of
PN was higher in patients treated with insulin thmnoninsulin treated patientss,

A higher prevalence of PN among insulintiedapatients could be attributable to
their longer duration of diabetes, delay in insutgatment and possible insulin neuritis
at the time of neurologic examination than in nosdiin-treated type 2 diabetes. After
adjustment for other covariates in the multivariatealysis, the type of treatment was
non-significant, indicating that insulin treatmeist at least partially confounded by
duration of diabetegs)

The present study was not able to find assotiatwith PN for lipid statugTotal
serum Cholesterol, HDL, LDL and fasting Triglyats) (P > 0.05).

This is corroborated with the finding oe€htinenet al., (199340, Akbar,
(2002)35), and Janghorbamt al., (2006),6). Other studies have shown associations with
PN for high-density lipoprotein cholesterol, arcrease in the levels of fasting
triglyceride. 24,41

Conclusions:
From the results of this study, it is concluded:tha

1- Nerve conduction study is important method to eatperipheral
nerve function. They help in the diagnosis, extamd distribution of

peripheral neuropathy.
2- In diabetic patient the sensory nerves are mowctffl than motor nerves and
lower limbs are more affected than upper limbs.
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3- There is a high prevalence of peripheral neuropathyiabetic patients (76.19
%).

4- Age, duration of diabetes and level of glycated significantly effect the
prevalence of diabetic peripheral neuropathy wiiikegender, BMI, therapeutic
regimen of diabetes and lipid profiles not effebe tprevalence of diabetic
peripheral neuropathy.
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