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Neuropathic changes in young type 2 diabetes mellitus related to high serum t-PA
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Abstract:
Background and Aims: A substantial number of diabetic patients, diagnosed at relatively younger
age, who don’t fit to typical type 2 and type 1 class of diabetes. These patients usually present with
very high level of glycemia. The uniqueness of this group of patient provide the opportunity to
explore the pathophysiology of nerve functional status at an early stage of diabetes. The present
study was aimed to determine markers of endothelial dysfunction and evaluate nerve functional status of a group of newly diagnosed clinically uncomplicated young diabetic patients. Material and
Methods: A total number of 32 (male-13 and female-19) newly diagnosed young (diabetes diagnosed under 30 yrs) were consecutively recruited from BIRDEM Out-patient department and 30
age-, BMI-matched healthy subjects with no family history of diabetes up to second generation
served as controls. Serum fructosamine was measured by reduction test with NBT method. Serum
C-peptide, endothelin-1 and tissue plasminogen activator (t-PA) by ELISA and von Willibrand factor (vWF) by Radial Immunodiffusion (RID) methods. Urinary albumin measured by immunoturbidimetry method. Nerve functional status was evaluated by nerve conduction velocities (NCV),
distal latencies (DL), compound muscle action potential (CAMP), F wave latencies (FWL), nerve
action potential (SNAP) for motor and sensory nerve as appropriate following the standard protocol. Results: Severe hyperglycemia in the diabetic group was reflected in their mean (SD) fasting
C-peptide and fructosamine level. Altered endothelial dysfunction, as evidenced by significantly
high tissue plasminogen activator (t-PA) (p<0.001) in the diabetic group. Albumin creatinine ratio
(ACR) was almost similar in the two groups. Ulnar distal latency was similar in both the groups.
But its CAMP and NCV were significantly lower in the diabetic group (p<0.02-0.001). Ulnar F
wave latency were significantly higher (p=0.016) in the diabetic group. Ulnar sensory conduction
parameters did not show any difference between two groups. Peroneal motor and sural sensory
functional status of the diabetic subjects showed similar trend like that of ulnar motor and sensory
status. Peroneal nerve motor NCV was significantly negtively correlated with fasting glucose [r=0.456, p=0.001]. Peroneal motor distal latency was significantly correlated with fasting fractosamine [r=0.439, p=0.012]. Fasting fructosamine showed significant negative correlation with
motor peroneal NCV [r=-0.572, p=0.001], motor ulnar NCV [r=-0.468, p=0.007], both ulnar and
sural sensory NAP (p=0.02 for both]. On the basis of F wave latency 53% of diabetic subjects had
diabetic neuropathy and markedly higher t-PA compared to nonneuropathy groups (p=0.001).
Conclusions: The data suggest that (i) Young type 2 diabetic subjects had endothelial dysfunction
at the time of diagnosis even in the presence of normoalbuminuria state; (ii) Motor nerve conduction parameters are affected more than the sensory component; (iii) F wave latencies are more frequently and early to be involved in these subjects and linked to high serum t-PA.
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Introduction:
Neuropathy is the commonest complication of diabetes mellitus and is, by far the greatest source of
morbidity and mortality of the diabetics1. Overall
incidence of diabetic neuropathy reported to be ~2%
in the United Kingdom Prospective Diabetes Study
(UKPDS) and the Diabetes Control and
Complications Trial (DCCT)2,3. It was shown that
around 7% of patients had peripheral neuropathy at
diagnosis of diabetes and 20% and 30% of the hospitalized and community diabetic patients have neuropathy4,5.
The underlying pathophysiology of diabetic peripheral neuropathy is not well understood. However,
chronic hyperglycemia has been shown as key initiator of neurovascular damage 6,7,8. Endothelial dysfunction shown to be associated with raised blood
level of tissue plasminogen activator (t-PA),
endothelin 1 (ET1) and von Willebrand Factor
(vWF)9-13. Role of hyperglycemia in the pathogenesis of microangipathy ultimately leading to neuropathy was substantiated by findings that endothelial cells exposed to high glucose concentration over
expresses t-PA14. We have also reported raised
blood ET1 in type 2 diabetes mellitus linked to
hyperglycemia15. vWF was shown to be associated
with neuropathy in diabetic cases which, however,
showed correlation with duration of diabetes12.
Characteristics features of peripheral neuropathy are
abnormalities in nerve conduction studies.
Abnormalities in nerve conductions often reflected
as the early features of neuropathy16. Nerve conduction studies, remained to be the most objective noninvasive measures of nerve function which represent
sensitive and specific tools to detect diabetic neuropathy in clinical and epidemiological studies17,18. Clinical measures of neuronal dysfunction
are often dissociated from presence of abnormalities
of nerve conduction studies19. However, F wave
latency rather than conduction parameters appeared
to be more sensitive19. Up to 68% of nerves having
normal conduction velocities has been found to have
abnormal F wave latencies20.
Diabetes mellitus, mainly of type 2 variety is commonly prevalent in Bangladesh like other countries
of the world21. Although typical type 1 diabetes is

relatively uncommon in Bangladesh but a substantial proportion of diabetic patients are younger, usually below 30 years of age who does not either of the
typical type 1 and type 2 diabetes mellitus. However,
according latest WHO classification of diabetes this
group of patients is placed in the second variety22.
Characteristics features of these patients are lean to
moderately overweight, marked hyperglycemia,
hypoinsulinemia but lack of ketosis proneness.
Moreover they are usually normolipidemic and normotensive23. However, microvascular complications more commonly found in these patients24.
Taking advantage of the uniqueness of these groups
of patients the present study was undertaken to
measure the nerve conduction parameters and markers of endothelial dysfunction to explore the pathological basis of its neuropathy.
Material and Methods
Subjects
A total number of 32 newly diagnosed young diabetic subjects, age below 30 yrs, consecutively attending the Out-patient department of BIRDEM, the central institute of Bangladesh Diabetic Samiti
(BADAS), were recruited. Older patients, age more
than 30 years and those had acute and chronic diabetic complications and other illness as evidenced by
laboratory investigations (total blood count, ESR,
serum SGPT, urea and creatinine) and young women
with pregnancy were excluded.
Age and BMI matched 30 healthy subjects with no
family history of diabetes up to second generation
served as controls. The nature and purpose of the
study was stated to each of the participants and written consent obtained. Diabetes was diagnosed
according WHO criteria22.
Methods
Collection of blood
Overnight fasting blood sample (10 ml) was collected from antecubital vein following all aseptic precaution. Blood sample was allowed to clot for 30
min and centrifuged at 3000 rpm for 10 mins.
Separated serum was aliquoted and preserved -40oC
for further biochemical analyses.
Biochemical methods
Glucose was measured by glucose-oxidase; serum
fructosamine by enzymatic colorimetric method; Cpeptide, endotheline 1, tissue plasminogen activator
(t-PA) by Enzyme linked immunosorbant assay
(ELISA) method and von Willebrand factor (vWF)
191

Bhowmik NB, Hassan Z, Parvin S, Hasan ZR, Ali L

by Radial Immunodiffusion (RID).
Urinary albumin was determined by immunoturbiditry method using first voided morning urine sample.
Nerve conduction study
Peripheral nerve motor nerve conduction velocities
(NCV), distal latencies (DL), compound muscle
action potentials (CAMP), and F wave latencies
(FWL) were determined following standard protocol. For upper limb, unilateral studies of motor and
sensory conduction of ulnar nerve including F wave
latencies were measured. For lower limbs unilateral
study of peroneal nerve for motor conduction including F wave latency were measured. Unilateral study
of sural nerve for sensory conduction was done for
sensory conduction.
Nerve conduction velocity was measured by a standard EMG machine in a room with a temperature of
37oC. Nerve conduction parameters were included
according to the protocol recommended by San
Antinio Conference on diabetic neuropathy25.
Statistical Methods
Data were expressed as mean±SD and median
(range) unless otherwise stated. The comparison
between the groups was made by unpaired
Student’s-‘t’ and/ or Mann Whitney Rank sum test,
as appropriate, using Statistical Package for Social
Science (SPSS) for Windows Version 10. P value
<0.05 was considered as level of significant.
Results:
Baseline clinico-biochemical data were shown in
table 1. Age and BMI of the two groups were
matched. Very high fasting glucose (mmol/l,
mean±SD) level in the diabetic group reflected in
their significantly lower fasting C-peptide (nmol/l,
mean±SD, p<0.0001) and higher serum fructosamine (mmol/l, (p<0.001) levels compared to the
controls. Renal functional status of the diabetic subjects was normal as evidenced by albumin creatine
ratio (µg albumin/g creatinine) (Table 1).
Endothelial cell dysfunction markers were shown in
table 2. Diabetic group had significantly higher t-PA
level compared to the controls (p=0.001).
Motor nerve conduction of ulnar nerve was shown in
table 3. Ulnar distal latency (msec, mean±SD) was
almost similar in the two groups. In diabetic subjects
ulnar compound muscle action potential (mm,
mean±SD) and nerve conduction velocity (m/sec,

mean±SD were significantly lower compared to the
Controls (p=0.017 and 0.0001 respectively). F wave
latency (mse, mean±SD) was significantly higher in
the diabetes group compared to the control counterpart p=0.016) (Table 3). Ulnar sensory nerve conduction study in the diabetic group did not show significant difference compared to the controls (Table 4).
Peroneal motor nerve conduction was shown in table
5. Peroneal distal latency (ms, mean±SD) in the two
groups was similar. Peroneal CMAP (mv, mean±SD)
and NCV (m/sec, mean±SD) were significantly
lower in the DM subjects (p=0.001) compared to the
Controls and F wave latency (ms, mean±SD) significantly higher (p=0.001) compared to the counterpart (Table 5).
Sural distal latency (ms, mean±SD) and sensory
SNAP (mv) in the diabetic group did not statistical
difference compared to the controls. But Sural NCV
(m/s, mean±SD) was significantly lower in the diabetic (p=0.019) group compared to the counterpart
(Table 6).
Correlation analysis
Motor peroneal nerve conduction velocity was
found to be negtively correlated with fasting glucose
[r=-0.456, p=0.001]. Motor peroneal distal latency
showed significant positive correlation with fasting
fractosamine [r=0.439, p=0.012]. Fasting fructosamine also showed significant negative correlation with motor Peroneal NCV [r=-0.572, p=0.001],
motor Ulnar NCV [r=-0.468, p=0.007], both Ulnar
and Sural SNAP (p=0.02 for both] (Table 7).
Mean+2SD of F wave latency of peroneal nerve of
the controls (47.4 mv/sec) was taken as upper normal limit and diabetic subjects were sub-grouped as
diabetic nonneuropthy (DNN) and neuropathy (DN)
groups. Out of 32 diabetic subjects 17 (53%) fell in
the DN group. The DN subgroup had significantly
higher t-PA serum t-PA compared to the DNN subgroup (p<0.01). Serum t-PA value between DNN
and the Controls did not show significant difference
(Table 8).
Discussion:
Detection and sometimes grading of diabetic neuropathy is of interest for researchers and clinicians
not only for diagnosis and management purpose but
also for understanding the disease process. In the
present study nerve conduction studies were performed among the group of newly diagnosed young
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diabetic patients. These subjects presented with
severe degree of hyperglycemia, however, had no
sign of ketosis. They had also markedly compromised basal insulin secretion as judged by low mean
C-peptide (0.199 nmol/l). The study subjects did not
have microvascular complication as revealed by
almost similar urinary albumin creatine ratio with
that of the controls. This scenario provided unique
opportunity to perform nerve conduction studies and
study its pattern in these subjects and explore the
relationship with markers of vasculopathies.
Sensory nerve conduction parameters were not all
affected in the upper limb as judged by almost similar value of ulnar distal latency, sensory nerve action
potential and nerve conduction velocity. However,
sural sensory nerve conduction velocity was significantly slower in the diabetic group where as its distal latency and sensory nerve action potential was
almost similar to that of the controls.
Motor nerve conduction abnormalities were pronounced of the diabetic subjects both in ulnar and
peroneal nerve. This is consistent with previous
observation in a group of newly diagnosed subjects26. It is interesting to observe that both ulnar
and peroneal nerve distal latency in the diabetic
group did not show significant difference compared
to the controls. However, peroneal motor distal
latency showed significant negative correlation with
serum fructosamie level promting suggestion that
though the mean value of the group did not show statistical difference from the controls but still hyperglycemia plausibly impede their nerve functional
status. Negative correlation between fasting glucose
level and peroneal motor nerve conduction velocity
and fructosamine and ulnar, peroneal and sural nerve
conduction study parameters are in line with the
proposition that recent hyperglycemia affects the
conduction abnormalities27. Correlation with nerve
parameters implies that there is demylination as well
as axonal degeneration in young diabetic patients.
Cut-off value for nerve conduction variables was
determined taking mean±2SD values of the controls
except compound muscle action potential28. All
subjects in the control group all and 28 (87.5%)
young type 2 diabetic subjects also had normal peroneal nerve conduction velocity. But peroneal F
wave latency was prolonged in 17 (53.12%) study
subjects and none in the control group. Ulnar motor
nerve conduction velocity was slow in 6 (18.75%)

where as its F wave latency was prolonged in 16
(50%) diabetic subjects. Only 5 (15.62%) diabetic
subjects had prolonged sural sensory conduction
velocity. This pattern of abnormalities in the nerve
conduction studies is supported by the previous studies16,20. Cut-off value for compound muscle action
potential (CAMP) and sensory nerve action potential
(SNAP) was also calculated28. In diabetic group 13
(40.62%) and 4 (12.5%) had CAMP of low amplitude for peroneal nerve ulnar nerve respectively.
Low amplitude for ulnar and sural SNAP was in 2
(6.25%) and 7 (21.8%) respectively in diabetic
group.
Since it is argued that endothelial microangiopathy
is related in human diabetic neuropathy29,30 we
measured t-PA, ET-1 and vWF in newly diagnosed
young type 2 diabetic subjects. Of the three markers
of endothelial dysfunction, estimated in this study, tPA and ET-1 were significantly higher in the diabetic subjects and vWF was, however, almost similar to
that of the control group. The high t-PA level is supported by different other studies which substantiate
the plausible fact that hyperglycemia might be
inducing endothelial injury9,10,31. Cut-off value of
peroneal F wave latency was applied and 17 (53.1%)
found to be have diabetic neuropathy who had significantly high tPA level than the diabetic non-neuropathy and control groups (Table 8). ET-1 and vWF
were almost similar in the eventual three groups. tPA showed negative correlation with serum fructosamine but did not show any correlation with peroneal F wave latency. Hence, a causal relationship
between t-PA with diabetic neuropathy might not be
made, however, further studies are required to clarify the issue. These findings suggest that t-PA might
be an early marker of endothelial dysfunction and
has a role in diabetic neuropathy.
Endothelin-1 level is elevated in diabetic subjects. It
has been claimed previously that hyperglycemia
induces high blood level of ET-1 possibly due to the
fact of endothelial damage11. The finding of the
present study also supports the claim and in a recent
article high blood glucose was shown to be main
stimulant of blood elevated of ET-115. However, no
correlation for Endothelin-1 with fasting glucose
and fructosamine level was observed. The pathophysiological role of Endothelin-1 and vWF in neuropathy needs to be evaluated further.
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vWF was implicated in the pathogenesis of diabetic
neuropathy. In the present study serum vWF level is
almost similar which is in contrast with previous
findings12,13. It was also reported that serum vWF
is associated with duration of diabetes not acute
change of blood glucose32, 33. It may be recalled
that the young diabetic patients were newly diagnosed and it is understood that these group of diabetic patient usually have sudden onset of disease
which may clarify the lack of rise in vWF in this
case. No correlation of vWF and Endothelin-1 was
found with fasting glucose and serum fructosamine.
Such a finding was supported by previous studies11,30. The data suggests that young diabetic
patients at diagnosis have neuropathy particularly of
motor nerve conduction abnormality of both upper
and lower limb which is possibly due to acute hyperglycemia. Peroneal F wave latency study appeared
to be a sensitive marker and may be done as routine
electrophysiological investigation of the young type
2 diabetic patients to detect presence of nerve function abnormality at diagnosis. Endothelial dysfunction, in particular high serm t-PA is also evident in
these patients which may not be directly related to
the pathogenesis of neuropathy. Further studies,
however, needed to conclusively understand the
basis pathological basis of neuropathy in these
young diabetic patients.

Group 1, Young diabetic subjects; Group 2, Healthy
controls
F glucose, fasting glucose; F C-pep, Fasting C-peptide, S Fruct, Serum fructosamine ACR, Albumin
creatinine ratio
Table 2: Serum levels of markers of endothelialdysfunction in the study subject
Variables

DM Subjects (n=32) Control Subjects (n=30) p value

ET-1 (pgm/ml)

1.62±0.96

1.24±0.44

0.049

t-PA (ng/ml)

14.31±10.81

7.04±2.48

0.001

vWF (IU/ml)

1.80±0.49

1.76±0.72

0.79

Results were expressed as Mean (±SD).
Student’s Unpaired ‘t’-test was performed to calculated statistical difference between groups. P value
<0.05 was taken as level of significance.
t-PA, tissue Plasminogen Activator; ET-1,
Endothelin-1; vWF, von Willibrand Factor.
Table 3: Motor nerve conduction parameters of
ulnar nerve
Variables
U D latency (ms)
U CAMP (µv)
U NCV (m/sec)
U FW latency (ms)

DM Subjects (n=32) Control Subjects (n=30) p value
3.03±0.62
4.55 (1.20 - 8.70)

3.14±0.45
5.8 (3.06 -11.90)

0.673
0.017

58.29±6.88
29.35±5.47

66.56±6.13
24.87±1.85

0.0001
0.016
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Results have been expressed as mean±SD and median (range) as appropriate.
Student’s Unpaired ‘t’-test and Mann Whitney Ran
Sum test were performed to calculated statistical difference between groups as applicable. P value <0.05
was taken as level of significance.
U D Latency, Ulnar distal latency; U CAMP, Ulnar
Compound Muscle Action Potential; U NCV, Ulnar
Nerve Conduction Velocity; U FW Latency, Ulnar
F Wave Latency

Table 1: Baseline clinical and glycemic status and
renal functional status of the study subjects

Table 4: Sensory nerve conduction parameters
of ulnar nerve

Variables

DM Subjects (n=32)

Control subjects (n=30) p value

Variables

13 (19)

23 (7)

NS

U D latency (msec)

Age (Yrs)

24.1±3.9

23.4±2.7

0.44

U SNAP (µv)

BMI (Kg/m2)

19.1±3.5

19.4±2.2

0.76

U NCV (m/sec)

F glucose (mmol/l)

18.65±6.73

4.80±0.55

F C-pep (nmol/l)

0.199±0.167

0.393±0.236

0.0001

S Fruct (µmol/l)
ACR (mg/g)

644±226

222±36

0.001

0.84±1.09

1.74±3.61

0.20

Male (Female)

Results were expressed as mean±SD.
Student’s Unpaired ‘t’-test was performed to calculated statistical difference between groups. P value
<0.05 was taken as level of significance.

DM Subjects (n=32) Control Subjects (n=30) p value
3.05±0.48

3.09±0.28

0.689

10.9 (4.2–23.6)

11.05 (8.2–19.4)

0.683

45.46±4.26

46.41±7.73

0.548

Results have been expressed as mean±SD and median (range) as appropriate.
Student’s Unpaired ‘t’-test and Mann Whitney Ran
Sum test were performed to calculated statistical difference between groups where applicable. P value
<0.05 was taken as level of significance.
U D latency, Ulnar distal latency; U SNAP, Ulnar
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Table 5: Motor nerve conduction parameters of
peroneal nerve
DM Subjects (n=32) Control Subjects (n=30)

Variables
P D latency (ms)

p value

4.35±2.68

4.25±0.7

0.829

5.50 (1.40 – 12)

8.7 (4.54 – 15.50)

0.0001

P NCV (m/sec)

42.18±7.42

53.72± 6.49

0.0001

P FW latency (ms)

50.27±10.81

41.32±3.05

0.0001

P CAMP (µv)

Results have been expressed as mean±SD and median (range) as appropriate.
Student’s Unpaired ‘t’-test and Mann Whitney Ran
Sum test were performed to calculated statistical difference between groups as applicable. P value <0.05
was taken as level of significance.
P D latency, Peroneal distal latency; P CAMP,
Peroneal compound muscle Action potential; P
NCV, Peroneal nerve conduction velocity; P FW
Latency, Peroneal F wave latency.
Table 6: Sensory nerve conduction parameters
of sural nerve
DM Subjects (n=32) Control Subjects (n=30) p value

Variables
S D latency (ms)
S SNAP (µv)
S NCV (m/sec)

3.49 ± 1.65

3.40 ± 0.48

0.766

12.30 (0 – 28.8)

14.05 (8.02 – 46.4)

0.075

35.22 ± 14.40

42.32 ± 8.52

0.019

Results have been expressed as mean±SD and median (range) as appropriate.
Student’s Unpaired ‘t’-test and Mann Whitney Ran
Sum test were performed to calculated statistical difference between groups as applicable. P value <0.05
was taken as level of significance.
S D latency, Sural distal latency; S SNAP, Sural
Sensory Nerve Action Potential; S NCV, Sural
Nerve Conduction Velocity.
Table 7: Correlation analysis between fasting glucose and fructosamine with different nerve conduction variables of the diabetic subjects
Variables

r

p

-0.456

0.009

MPDL

0.439

0.012

MPNCV

-0.572

0.001

MUNCV

-0.468

0.007

SSNAP
USNAP

-0.400
-0.409

0.023
0.020

Fasting glucose vs
MPNCV

Pearson correlation analyses were performed. P
value <0.05 was taken as level of significance.
MPNCV, Motor Peroneal nerve conduction velocity;
MPDL, Motor Peroneal distal latency; MUNCV,
Motor Ulnar nerve conduction velocity; SSNAP,
Sural Sensory nerve action potential; USNAP, Ulnar
Sensory nerve action potential.
Table 8: Endothelial dysfunction markers in the
diabetic subjects with or without neuropathy and
the controls
ET-1 (pgm/ml)

t-PA (ng/ml)

vWF (iu/ml)

DN (n=17)

1.57±0.88

18.79±12.18b

1.73±0.50

DNN (n=15)

1.69±1.09

9.29±6.12a

1.89±0.49

1.24±0.45

a

1.70±0.72

Groups

Control (n=30)

7.04±2.84

Results were expressed as Mean (±SD).
Student’s Unpaired ‘t’-test was performed to calculated statistical difference between groups. P value
<0.05 was taken as level of significance. Different
superscript in the column indicated statistical significant difference.
t-PA, tissue Plasminogen Activator; ET-1,
Endothelin-1; vWF, von Willibrand Factor.
DN, Diabetic neuropathy group; DNN, Diabetic
nonneuropathy group
p<0.05
70

Peroneal F Wave Latency (m/sec)

Sensory Nerve Action Potential; U NCV, Ulnar
Nerve Conduction Velocity.

60
50
40
30
20
10
0

Controls

DNN

DN

Figure 1: Peroneal F wave latency (m/sec) in the
diabetic subjects with (DN) and without (DNN)
neuropathy and the control subjects.

Fructosamine vs
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