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Diabetes is well-known disease for its complication and increasing population
over time, therefore new methods for complication assessment should be found.
The aim of this study is to determine levels of nesfatin-1, von Willebrand factor
(VWF) and N-acetyl-p-D-glucosaminidase (NAG) in Egyptian type 2 diabetes
(T2DM) with and without complications, their assessment as possible markers in
tracing diabetes progression in addition to finding a correlation between these
three parameters. Sixty-seven Egyptian male patients were divided into three
groups as follows: 25 with T2DM without any complication, 22 with diabetic
nephropathy (DN) and 20 patients with diabetic cardiovascular complications
(DC). Nesfatin-1, vVWF, NAG, HOMA-IR (Homeostasis model assessment of
insulin resistance), HOMA-B (Homeostasis model assessment of B-cell function)
were all determined using ELISA technique , while the fasting blood glucose
(FBG), lipid profile and the kidney parameters were analyzed using the
biochemistry system, results were compared to 19 healthy controls with same
age. Correlation studies were done between all the studied parameters. All
diabetic patients showed a significant increase compared to control in the
following parameters: (FBG), glycosylated haemoglobin (HbAic), HOMA-IR,
serum urea, serum creatinine, albumin creatinine ratio (ACR), triglyceride (TG),
total cholesterol (TC), atherogenic indices. Significant decrease was seen in
HOMA-B, meanwhile LDL-C and HDL-C showed no statistical significance
change compared to control. The studied parameters nesfatin-1 and vVWF showed
statistical significance increase with all diabetic groups, while NAG showed
significance increase only with (DN). In conclusions, there was direct
correlations between (nesfatin-1 and HOMA-B), (vWF and ACR) and (HbA1c
and FBG). No correlation was found between the three studied parameters,
however these three markers showed significant increase relative to control
where nesfatin-1, vVWF can be used in tracing of both complications (DN and
DC), and NAG can be used only in tracing of DN.

Introduction

Nesfatin-1 is a fat-influencing protein [ and encodes

Diabetes mellitus especially type 2 (T2DM) has
affected 390 million all over the world and this number
is expected to double by year 2030 . Long term
complications are most common in T2DM affecting
many organs, e.g. cardiovascular disease (CVD) which
is a major cause for mortality, thus life expectancy of
patients may increase by the management of this
complication 2. The other complication is diabetic
nephropathy (DN) affecting 40% of (T2DM) patients
which has become the major cause of end stage renal
disease .

* Corresponding author.
E-mail address: hionaja@yahoo.com

satiety in the hypothalamus, when given intravenously to
the hyperglycemic animals; it showed an anti-
hyperglycemic effect . According to [, it might play a
role in appetite regulation. Nesfatin-1 is considered as an
anorexigenic adipokine [ it was found in pancreatic
cells and it stimulated glucagon secretion '] thus it may
have a relation with diabetes and a role in insulin
secretion. There are three types of nesfatin:  Nesfatin-1:
originated from post translational processing of the N-
terminal fragment of nucleobindin 2 (NUCB2). NUCB2
is a 396-amino-acid protein exceptionally conserved
across mammalian species; nesfatin-1 consists of 82-
amino-acids.
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The NUCB-2 post translational cleavage gives nesfatin-
2 fragment (85-163) and nesfatin-3 fragment (166—-396)
Ml As shown in Fig. 1. According to [ there is no
information about the function of nesfatin-2 and 3.
N-acetyl-p-D-glucosaminidase (NAG) is a lysosomal
enzyme present in proximal tubular cells, with very high
molecular weight (130-140 kDa), it is normally excreted
in urine in low amounts by exocytosis in proximal
tubules, but excreted in abnormally higher amounts if
the cells are exposed to hyperglycemia €. von
Willebrand Factor (VWF) is a multimeric glycoprotein
synthesized mainly by the endothelial cells and is
considered as a diabetic neuropathy and nephropathy
marker, the diabetic microangiopathy onset is preceded
by endothelial dysfunction . The aim of this study was
to investigate the relationship of (nesfatin-1, NAG,
VWF) with diabetes complications such as (DN) and
(DC) in addition to their correlation between each other
in Egyptian (T2DM) patients and to investigate the
possibility of taking these three parameters as markers
for tracing the progression of diabetes. Possible
correlations between the other studied parameters were
also evaluated.

Subject and Methods

Ethical considerations

A written consent was given to all patients for
participation, and the study was done and approved by
the ethics committee of NIDE (National Institute for
Diabetes and Endocrinology), with the 1964 Helsinki
declaration and its later amendments or comparable
ethical standards. The ethical approval number
accredited at NIDE was (IDE00231). All patients were
clinically diagnosed with T2DM according to the
American Diabetic Association.

Sources of data

The present study comprised 67 Egyptian males
diagnosed with “T2DM” recruited from the outpatient
clinics of the National Institute for Diabetes and
Endocrinology “NIDE”, Cairo, Egypt. Male control
patients with comparable age (range 45-66 years) were
studied. AIll subjects underwent careful physical
examination, detailed clinical and familial history and
laboratory investigation.

Types of data:

a-19 Controls with the same age and sex.

b-25 patients with T2DM and no complication.

c-22 patients with T2DM and nephropathy complication
(DN).

d-20 patients with T2DM and
complication (DC).

Inclusion criteria

Patients with T2DM or with DN or DC. Controls have
no acute or clinical conditions involving the endocrine-
metabolic system to exclude hormonal effect, not
receiving any medications affecting the endocrine-
metabolic system (e.g. anti-thyroids,
glucocorticosteroids, ...etc.).

cardiovascular

Exclusion criteria

Patients who are receivingany insulin orany
medications other than oral antihyperglycemic drugs
were excluded in addition to patients having nutritional
derangement that might affect the study or patients
complaining from any acute or chronic illness as
confirmed by physical examination and laboratory
investigation.

Sample collection:

Sample collection and analysis were done in National
Institute for Diabetes and Endocrinology (NIDE). After
overnight fasting, blood samples were withdrawn and
collected in clotting activator-containing/ serum
separating tubes; for investigation of biochemical
parameters, centrifuged and serum was separated and
divided into four aliquots; one used for immediate
determination of all blood biochemical parameters and
the other three for ELISA determination (Nesfatin-1,
VWF, and insulin). EDTA-containing tubes were used
for HbAic determination and florid-containing tubes
were used to determine glucose immediately in the
plasma. The BT3500 Chemistry System (Biotechnica
instruments Inc., Italy); was used for all blood
biochemical parameters including (FBG, serum urea,
serum creatinine and ACR, TG, TC, LDL-C, HDL-C).
Hemoglobin testing system: Tosoh G8 (Japan); was
used for determination of HbA:c.The atherogenic
indices were calculated as follows: ratio “1”: LDL-C /
HDL-C [9 ratio “2”: TC / HDL-C 1%, ratio “3”: Log
TG/ HDL-C 14,

Weight and height were measured, and BMI was
calculated as {weight (Kg)/height> (m?)}. Insulin was
determined by ELISA technique, homeostasis model
assessment of insulin resistance (HOMA-IR) was
calculated according to 2 {(Fasting insulin (i 1U/ml) x
(Fasting glucose (mmol/L)/22.5}, Homeostasis model
assessment-p cell function (HOMA-B) was calculated
according to 02 {(Fasting insulin (ulU/ml) x 20/
(Fasting glucose (mmol/L)-3.5)}. First morning urine
void was collected from all subjects on the day of their
clinic visit, it was used for the determination of
microalbuminuria quantitatively and automatically
using ADVIA® 1650 clinical chemistry system, and in
determination of NAG by ELISA. Other biochemical
parameters including  (nesfatin-1, VWF) were
determined by ELISA techniques, purchased from
Glory Science Co., Ltd (USA).

Statistical analysis

Statistical analysis were done using one way (ANOVA).
Parametric data was first tried, followed by post hoc test
if Bartlett’s test was not significant. When Bartlett’s test
was significant, logarithmic or reciprocal transformation
was performed. Master plex program was used for
calculation of nesfatin-1, vVWF and NAG. All data were
expressed as M £ SEM (mean * standard error). The
correlation co-efficient was calculated using least
square method. Data were considered significant if P <
0.05.
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Nesfatin /NUCB2

24 1 82 8s 163 166
Nesfatin -1 Nesfatin -2 Nesfatin -3

Fig. 1: Molecular structure of nesfatin/NUCB and amino acid sequence in human.

Results

Clinical and demographic variables of the studied
groups are shown in Table 1, concerning age there was
no statistically significant difference between the
diabetic groups and the control. Glycemic indices are
shown in Table 2 where FBG, HbA;c and HOMA-IR
showed a significant increase P < 0.001 in all diabetic
patients compared to control. Insulin showed highly
significant increase (21.3 £ 2.16 and 20.9 + 2.04) P <
0.001 in DN and DC groups respectively compared to
both control and T2DM (9.35 £ 0.92 and 11.27 + 1.31
respectively) while HOMA-B showed a significant
decrease P < 0.001 in all diabetic groups relative to
control.

Metabolic variables of the studied subjects are shown in
Table 3. Serum urea showed a highly significant
increase (32.99 £ 1.25 and 31.64 £ 0.78 respectively)
P < 0.001 in DN and DC groups when compared to both
control and T2DM (28.2 + 0.68 and 28.92 + 0.75
respectively), while serum creatinine showed a
significant increase P < 0.001 in DN relative to all the
studied groups. Micro albuminuria and ACR showed increase

Table 1: Clinical, demographic variables (mean + SEM)

in DN and DC compared to the other groups P < 0.001.
NAG showed increase P < 0.05 in DN only (7.9
0.144) when compared to control and T2DM (7.39
0.13 and 7.45 % 0.135 respectively).

Serum levels of HDL-C and LDL-C showed no
significant difference between the diabetic and control
group, while TC showed significant increase P < 0.01
only due to DC compared to control. TG showed a
significant increase P < 0.001 in DC (190 * 8.45)
compared with control and T2DM (109.7 = 9.34 and
133.32 + 12.49 respectively), and DN (181.09 + 17.8)
compared with control. Ratio “1” showed significant
increase P < 0.05 only due to DC (4.04 + 0.23) relative
to control (3.15 = 0.18), ratio “2 and 3” showed
significant increase P < 0.001 due DC and DN relative
to control, and relative to T2DM for ratio “3” only.

Both nesfatin-1 and VvWF showed statistically
significant increase P < 0.001 in all groups compared to
control group. Although nesfatin-1 showed no
discriminative ability among diabetic subgroups, VWF
showed significant increase P < 0.001 comparing all
groups with control and comparing DN with T2DM.

+
+

C(n=19) T2DM (n=25) DN (n=22) DC (n=20) P
Age (years) 53.4+1.3 55+1.4 53.7£1.04 57.1+£1.3 -
Weight (Kg) 84.68+3.06 83.6+2.77 96.2+3.25 89.3+2.84 -
Height (m) 1.73+£2.3 1.75+1.87 1.78+1.26 1.70+2.69 -
BMI (Kg/m?) 28.1+0.8 27.07+0.75 30.16+0.87° 30.7+0.96° P<0.01
T2DM duration - 6.09+0.55 7.68+0.8 8+0.77 -
(years)
Systolic BP 118.15+1.5 131.1+3.7 139+6.06" 141.45+4.9" P<0.01
(mmHg)
Diastolic BP 78.4+1.57 74.2+3.2 82.7+2.47 82+2.57 -
(mmHg)

Number “n”, Control “C”, type 2 diabetes mellitus “T2DM”, T2DM + nephropathy “DN”, T2DM with
cardiovascular complication “DC”, body mass index “BMI”, BP: Blood pressure, *: P < 0.05, : P < 0.01 compared
to “control” group using Kruskal-Wallis ANOVA followed by Dunn's multiple comparisons test. ®: p < 0.05

compared to “T2DM” group using one-way ANOVA followed by Tukey-Kramer multiple comparisons test.
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Table 2: Glycemic indices of the studied population (mean = SEM)

C (n=19) T2DM(n=25) DN (n=22) DC (n=20) P

FBG (mg/dI) 93.1+2.82 169.7+9.05™ 237.4+14.49 210.4+10.3™ P < 0.001
HbA:c (%) 5.6820.05 8.34£0.33™ 10.66+0.41°" 7 8.9240.34 P < 0.001
Insulin(IU/ml) | 9.35+0.92 11.27+1.31 21.3%2.16 2@ b0b 20.9+2.04222 bbb P < 0.001
HOMA-IR 2.1920.22 4.7920.7% 12.09+1 472258 |17 D] p7eaa bbb P < 0.001
HOMA-B 113+11.98 46+6.52 49.4%6.5 57+7.6% P < 0.001

Number “n”, Control “C”, type 2 diabetes mellitus “T2DM”, T2DM+ nephropathy “DN”, T2DM with
cardiovascular complication “DC”, fasting blood glucose “FBG”, glycated hemoglobin “HbA1c”, homeostasis
model assessment of insulin resistance “HOMA-IR”, homeostasis model assessment of beta cell function “HOMA -
B”. ™: P < 0.001 compared to “control” group, *#: P < 0.01 compared to “T2DM” group using Kruskal-Wallis
ANOVA followed by Dunn's multiple comparisons test. @ P < 0.001 compared to “control” group, ***: P < 0.001
compared to “T2DM” group using one-way ANOVA followed by Tukey-Kramer multiple comparisons test.

Table 3: Metabolic variables of the studied population (mean + SEM)

C(n=19) [ T2DM (n=25) DN (n= 22) DC (n= 20) P
s urea (mg/dl) 28.2+0.68 28.92+0.75 32.99+1.25¢% 31.64+0.78 % P <0.001
s creat. (mg/dl) 0.95+0.027 1.05+0.04 1.24+0.06% b 0.99+0.04 <« P <0.001
microalbuminuria(mg/dl) 12+1.8 12.55+1.96 694.2+125,3™ ### 21.201£2.54%° P <0.001
ACR (mg/gm) 8.26+1.18 9.77+1.43 770+162.35™"## | 18.44+1.42%%% | P <0.001
NAG (U/L) 7.39+0.13 7.45+0.135 7.9+0.144% b 7.7+0.06 P <0.05
TG (mg/dl) 109.7+£9.34 133.32+12.49 181.09+17.8" 190+8.45™" # P <0.001
TC (mg/dl) 178+4.99 189.11+7.54 201.62+5.73 211+7.66% P<0.01

LDL-C (mg/dl) 11784525 | 12652 +5.96 130.68 +5.4 138.1 +6.44 -

HDL-C (mg/dl) 38.26+1.32 35.96+1.88 34.73+0.89 34.9+1.30 -
Ratio “1” :(LDL-C/HDL-C) 3.15+0.18 3.6£0.21 3.7£0.14 4.04+0.232 P <0.05
Ratio “2” :(TC/HDL-C) 4,75+ 0.21 5.44+0.25 5.85+0.172 6.17+0.28%4 P <0.001
Ratio “3”: 0.43+0.05 0.53+0.05 0.68+0.05% 0.73+0.032 bb P <0.001

(Log TG/HDL-C)

Nesfatin-1 (pg/ml) 11.59+0.41 13.95+0.25%4 14.8+0.28%2 14.1+0.33%2 P <0.001
VWE (U/L) 162+8.5 782+45,1% 1002298222 bbb 865+47.2% P <0.001

Number “n”, control “C”, type 2 diabetes mellitus “T2DM”, T2DM+ nephropathy “DN”, T2DM with cardiovascular
complication “DC”, serum “s”, creatinine “creat.”, albumin creatinine ratio “ACR”, von Willebrand Factor “vWF”, NAG
“N-acetyl-p-D-glucosaminidase” TG “Triglyceride”, TC “total cholesterol”. 2 P < 0.05, ®: P < 0.01, *#: P < 0.001
compared to “control” group,®: P < 0.05, ®: P < 0.01, ®*®: P < 0.001 compared to “T2DM” group, *: P < 0.01 compared
to “DN” group using one way ANOVA followed by Tukey-Kramer multiple comparisons test. " P<0.05 "™ P<
0.001 compared to “control” group, *: P < 0.05, #: P < 0.01, #: P < 0.001 compared to “T2DM” group, °°: P < 0.01
compared to “DN” using Kruskal-Wallis ANOVA followed by Dunn's multiple comparisons test. Due to sample size,
number of samples for NAG was 18 and 20 in C & DN respectively and for nesfatin-1 and vVWF the control was 18 and
20 in C& DN respectively.

Simple linear regression analysis are shown in
Table 4 and revealed that there was a positive
direct  correlation  between the following
parameters: FBG vs. HOMA-IR, nesfatin-1 vs.
HOMA-B P < 0.05 Fig. 2, vWF vs. {ACR P < 0.001
Fig. 3, HbAic P <0.001 Fig. 4 and FBG P < 0.01 Fig. 5 },

serum urea vs.{TC P < 0.01 and LDL-C P < 0.05},
TG vs.{ insulin P < 0.001, HOMA-IR P < 0.05,
HOMA- B P < 0.05}, Ratio “2” vs. {insulin P <
0.05, HOMA-IR P < 0.05}, Ratio “3” vs.{Insulin P
< 0.01, HOMA-IR P < 0.01, HOMA- B P < 0.05,
ACR vs. HbA;c P < 0.05.The correlation between
the three parameters was non-significant.
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Parameter R P value Parameter r P value

FBG vs. HOMA-IR 0.634 <0.01 Ratio “3” vs. HOMA-IR 0.3260 <0.01

HbAic vs. ACR 0.3791 <0.05 Ratio “3” vs. HOMA-f 0.3102 <0.05

TG vs. Insulin 0.3423 <0.01 Ureavs. TC 0.3395 <0.01

TG vs. HOMA-IR 0.2838 <0.05 Urea vs. LDL-C 0.265 <0.05

TG vs. HOMA-B 0.2671 <0.05 Nesfatin-1 vs. HOMA-j 0.2794 <0.05

Ratio “2” vs. insulin 0.2718 <0.05 VWEF vs. ACR 0.3209 <0.001

Ratio “2” vs. HOMA-IR 0.2853 <0.05 VWEF vs. HbAic 0.4252 <0.001

Ratio “3” vs. Insulin 0.3942 <0.01 VWEF vs. FBG 0.397 <0.01
VWEF vs.NAG vs. nesfatin-1 NS

Pearson rank correlation coefficient (r) assuming Gaussian distributions. All correlations were done in-between all
parameters and only the significant correlations were mentioned in the table. FBG “Fasting blood glucose”, HOMA -
IR “Homeostasis model assessment of insulin resistance”, HOMA-B “Homeostasis model assessment of [-cell
function”, TG “Triglyceride”, TC “total cholesterol”, ACR “albumin creatinine ratio”, vWF “von Willebrand factor”,
NAG “N-acetyl Beta glycosaminidase”, glycated hemoglobin “HbA1c”, Ratio 1: LDL-C/ HDL-C, Ratio 2: T-C/HDL-
C, Ratio 3: Log10 TAG/ HDL-C, NS: non-significant.

160 -
140 -

120 -

80 -

HOMA -

60 -

40 -

no: 62

r:0.2794
p<0.05
p<0.05

10 15

Nesfatin-1(pg/ml)

Fig. 2: Linear regression between nesfatin-1 (pg/ml) and HOMA-B “Homeostasis model assessment of of p-cell
function”. Pearson rank correlation coefficient (r), total number of diabetic patients (no). Direct, significant

correlation.
no: 67

1400 ~ r: 0.3209

1200 1 Ll *o., * . p<0.001
-7 1000 -
S 800 -
LL 600 -
% 400 -

200 - ¢

O T T T T T T T
0 10 20 30 40 50 60 70 80
ACR (mg/gm)

Fig. 3: Linear regression between ACR “albumin creatinine ratio” (mg/gm) and vWF “von Willebrand factor”
(U/L). Pearson rank correlation coefficient (r), total number of diabetic patients (no). Direct, significant

correlation.
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Fig. 4: Linear regression between HbAic “glycated haemoglobin” (%) and vWF (U/L). Pearson rank
correlation coefficient (r), total number of patients (no). Direct, significant correlation.
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800 -
600 -
400 -
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VWF (U/L)

0 10 20 30

40
FBG (mg/dl)

50 60 70 80

Fig. 5: Linear regression between FBG “fasting blood glucose” (mg/dl) and vWF “von Willebrand factor”

(U/L).
correlation.

Discussion

Nesfatin-1, VWF and NAG are known for their relation
with diabetes, so a correlation between them was
proposed, as well as suggesting them as possible
markers in tracing the diabetes complication
progression. In the present study both FBG and HbA:c
showed an extremely significant increase in all the
diabetic groups, the same as recoded by 23, Insulin and
HOMA-IR showed statistically significant increase
than control, thus proving the increase resistance in
insulin with increasing complication and this was in
accordance with 41 who reported also that insulin
resistance (IR) has a strong relation with cardiovascular
disease. HOMA-B showed significant decrease thus
showing pancreatic dysfunction with the progression of
diabetic complication, the same finding was recorded
by 31, Thus, both HOMA-IR and. HOMA-B can also
be taken as possible markers for diabetes and its
complications.

In the current study, serum urea showed a statistically
significant increase in DN and DC, the same finding
was recorded by 61 who found significant increase in
Egyptian T2DM patients with and without
complications. Serum creatinine showed a slight
significant increase in DN and DC, while T2DM
showed no difference. Micro albuminuria and ACR
both showed increase due to DN and DC, this was in

Pearson rank correlation coefficient (r), total number of diabetic patients (no). Direct, significant

agreement with 131 who found a significant increase in
ACR when comparing 30 Egyptian controls to 38
albuminuric diabetic patients. In this study NAG
showed a significant increase only due to DN this was
in accordance with 21 who found correlation with NAG
and diabetic nephropathy, he also declared that NAG
can be taken in early atherosclerosis detection much
more than the damage in the glomeruli in T2DM
patients. In contrast to our finding 81 NAG showed a
weak prognostic ability for detection of kidney disease
in T2DM.

In the current study LDL-C and HDL-C showed no
significant difference between the diabetic groups and
control group, this result was in accordance with4],
while 1% found decrease in HDL-C and attributed this to
the mild hyperglycemia which causes a significant
decrease of HDL function. In this study TG and TC
showed a significant increase due to DC, but TG alone
showed an increase in DN with no significance in
T2DM, these results are matched with 4 who found no
significant change in TG of T2DM.

In the present study the three ratios showed significant
increase in DC thus indicating the increase risk of heart
diseases with increasing diabetic complications, while ratios
“2 and 3” showed a significant increase in DN. Opposite to
our results 9, found a significant increase P < 0.0001 in
TC/HDL-C ratio of T2DM patients compared to control.
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Nesfatin-1 showed a significant increase in all the
diabetic groups relative to control, which was in
accordance with 21 who found increase in nesfatin of
newly T2DM, while the opposite finding was found by
(221 where nesfatin-1 showed decrease in T2DM
compared to control. This discrepancy in results were
attributed to the difference in the design of study which
includes selection of patients (e. g., lean vs. obese,
glycemia level, type of diet) and experimental
conditions 22, Another explanation was that some of
the patients had concomitant obesity, thus can be
accompanied by adipocytokine level changes. Also,
nesfatin-1 production by adipose tissue increases
obesity and varies due to the type of food [l. So,
nesfatin-1 circulation may be affected by T2DM
duration, and that nesfatin-1 might be a good indicator
for T2DM progression and a target for the treatment of
antidiabetic 2%, Also 2] reported that nesfatin-1 could
be taken as biomarker for assessment of diabetes
progression. It was declared by 2 a possible role of
nesfatin-1 as potential novel biomarker for early
detection and prediction of gestational diabetes
mellitus.

In the present study vWF also showed a significant
increase in all the diabetic groups relative to control.
This was in line with 61 where the plasma levels of
VWEF were significantly elevated in patients with T2DM
complicated by CVD, he stated that vVWF could be
characterized in  prognosis of cardiovascular
complications in T2DM patients. Our data was in line
too with the Egyptian study of [*6] showing significant
increase in T2DM patients with and without
microalbuminuria.

According to 2] the increased VWF levels, may reflect
the damage or the activation to the endothelial cells,
and it is involved in platelet aggregation and adhesion
thus acting as a carrier of coagulation factor VIII in
plasma 281, It was proved by [? that VWF has direct
relation with diabetic patients above 60 years, and that
the duration of T2DM can influence the endothelium
causing VWEF secretion. Thus, both nesfatin-1 and VWF
could be taken as possible markers not only for diabetes
but for the complications (DN and DC).

Correlation study showed indirect correlation of
nesfatin-1 with HOMA-B suggesting a relation with
pancreas deterioration. Also, direct significant
correlation is found between HOMA-IR (FBG, TG,
Ratio “2 and 3”). These data were in line with % who
found a correlation between HOMA-IR and TG and in
line with B who found significant positive correlation
between HOMA-IR and both TG and FBG. This was
contrary to the findings of 32 who found no association
between HOMA-IR (FBG and lipid parameters).

In the current study urea showed a direct correlation
between (TC, LDL-C, serum creatinine and ACR),
while the ACR showed a weak direct relationship with
(s creatinine and HbAic). VWF showed a direct
relationship with ACR, HbA:c and FBG.

Correlation study didn’t show any relationship between

nesfatin-1, vVWF and NAG.

Conclusions

In conclusion, the current study demonstrated that both

nesfatin-1 and vWF may be used as diagnostic

biomarkers in the clinical follow up of DN and DC,
whereas, NAG may be used only in DN.
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