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Abstract: Diabetic nephropathy is one of the most severe diabetic micro-angiopathies. Various factors are involved
in the pathogenesis of diabetic nephropathy including, interactions between metabolic and haemodynamic factors, as
well as genetic susceptibility to develop nephropathy. This study aims to evaluate the role of metabolic
abnormalities and hypertension in the development of chronic renal failure among type 2 diabetic cases. The
measurement of fasting blood sugar (FBS), glycosylated hemoglobin (HbA1c), total cholesterol, triglycerids (TGs),
high density lipoprotein cholesterol (HDL-C), creatinine (Cr) and urinary albumin was done. This study included 90
type 2 diabetic patients (mean age: 57.47 + 0.77 year, male/female: 30/60) and 30 non diabetic healthy volunteers
served as control (mean age: 51.17 = 1.07 year, male/female: 8/22). Diabetic patients were further divided into 2
main groups: patients without nephropathy, (n =30) and those with nephropathy, (n = 60) who were subdivided into:
micro-albuminuric and macro-albuminuric patients. Diabetic patients with nephropathy were older, more obese and
had higher systolic and diastolic blood pressure (SBP and DSP). Diabetic patients also exhibited higher blood
glucose, HbAlc and lipid profile, as well as increased serum creatinine and urinary albumin concentrations, which
in all tended to be markedly pronounced in diabetic patients with macro-albuminuria (overt renal failure). The study
concluded that obesity, hypertension and metabolic abnormalities are risk factors related to prevalence of
nephropathy among diabetic subjects and for individual differences in its onset and severity. It is therefore possible
to prevent the increasing prevalence of diabetic nephropathy by improving these factors.
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1. Introduction:

Diabetes mellitus (DM) is a disease in which the
hallmark feature is elevated blood glucose concentrations
due to loss of insulin-producing pancreatic p-cells (type 1
diabetes) or through loss of insulin responsiveness in its
target tissues (type 2 diabetes). Type 1 diabetes usually
begins to manifest in childhood and early adulthood, but
type 2 diabetes is typically a disease for which increased
age is a risk factor (Schwarz et al., 2009). Different studies
have described diabetes as one of the main threat to human
health in the 21* century (Zimmet et al., 2001).

Diabetes mellitus is associated with microvascular,
macrovascular and non-vascular complications (Gispen &
Biessels, 2000; Montilla et al., 2005).

Diabetic nephropathy (DN) is one of the most
common microvascular complications of diabetes (Giunti et
al., 2006) defined as rise in urinary albumin excretion rate,
often associated with an increase in blood pressure, but
without evidence of other causes of renal disease (Viberti et
al., 1982; Gnudi et al., 2007). Specifically, it represents a
major cause of morbidity and mortality in diabetic subjects
(Giunti et al., 2006). It is a leading cause of end-stage renal
disease (ESRD), and its prevalence is progressively
increasing worldwide (Nakai et al., 2004; Foley & Colins,
2007).
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DN develops in both type 1 and type 2 diabetes and is
observed in about 5-10% of patients who suffer from non
insulin dependent diabetes (NIDD) (Gambaro et al., 1992).
Despite this relatively low prevalence in type 2 diabetes,
those patients have been widely studied, since type 2 is far
more common than type 1 (Parving, 1998). Classically the
development of DN depends mostly on the duration of
diabetes (Pirart, 1977) however modern theory assumed
that the pathogenesis of DN is multi-factorial. In addition to
chronic hyperglycemia, the major cause which activates
factors and mediators of diabetic renal disease,
hypertension (Bakris et al., 2003), dislipidemia (Thomas et
al., 2006) and obesity (Price et al., 2002; Ejerblad et al.,
2006) have suggested to be risk factors and to be related for
differences in onset and severity of renal disease among
diabetic patients.

The present study was mainly conducted to further
understand the role of those risk factors in the diabetic
nephropathy, which may provide new strategies for
monitoring diabetic patients before the onset of this disease.

2. Subjects and Methods

This study included 90 type 2 diabetic patients (mean
age: 57.47 + 0.77 year, male/female: 30/60) and 30 non
diabetic healthy volunteers served as controls (mean age:
51.17 £ 1.07 year, male/female: 8/22). Diabetic patients
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were further divided into 2 main groups: patients without
nephropathy, recruited from the Internal Medicine
Specialized Hospital, Mansoura University, Egypt [n=30 &
Albumin Excretion Rate (AER)< 30 mg/24-hrs] and those
with nephropathy, (n = 60) recruited from Urology &
Nephrology Center, Mansoura University, Egypt, who were
subdivided into: micro-albuminuria patients [n=30 &
Albumin Excretion Rate (AER)= 30-300 mg/24-hrs] and
macro-albuminuria patients [n=30, Albumin Excretion Rate
(AER)> 300 mg/24-hrs & renal impairment with serum
creatinine (S-Cr) levels> 1.3 mg/dl]. Type 2 DM was
diagnosed according to WHO criteria (World Health
Organization, 2006). Nephropathy was assessed based on
the presence of persistent albuminuria> 30 mg/24-hrs in at
least two of three consecutive measurements on 24-hrs
collected sterile wurine samples. Urinary albumin
concentration in 24-hrs urine samples was measure by
using quantitative determination of total urinary albumin.
This Study Was performed after obtaining informed
consent from all participating subjects.

For evaluation of nephropathy, the study subjects
were matched regarding the following: Age (yr), sex (M/F),
weight (Kg) duration of diabetes (yr), drugs used, clinical
investigations done and family history.

Clinical investigation:

Cardiovascular examination: was performed thorough
investigating the patient’s cardiovascular system for
evidence of heart failure, ischemic heart disease (IHD),
valvular lesions, etc. Blood pressure was measured as
recommended by the American Association (Kirkendall et
al.,1980), using mercury sphygmomanometer. A detailed
Chest and abdominal examination were done for any
abnormalities. Lower limbs were examined for evidence of
oedema and peripheral vascular disease. Fundus
examination for evidence and grade of retinopathy and
neurological examination for evidence of peripheral
neuropathy and hemiplegia, were also performed.

Blood collection:

Venous blood samples were collected from each
examined subject, after over night (12 hrs) fasting in two
separated fractions. The first blood fraction (3ml) was
collected in ethylene diamine tetracetic acid (EDTA)
containing tube for glycosylated hemoglobin (HbAlc)
measurement. The second blood fraction (5ml) of
peripheral blood sample was collected in clean centrifuge
tube without anticoagultant to separate serum for
biochemical analysis (fasting blood sugar (FBS), total
cholesterol (TC), triglycerides (TGs), high-density
lipoprotein cholesterol (HDL-C) and creatinine (Cr)).

Urine collection:
Subjects were instructed to collect 24-hrs urine
samples for measurement of urinary albumin.

Biochemical investigations:

Blood biochemical investigations to all studied
subjects were carried out by RA-50 chemistry analyzer
(Bayer) using ready made chemicals (kits) supplied by
Spinreact Co. Spain, according to the following methods.
FBS was evaluated using quantitative method (Kaplan,
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1984). HbAlc was evaluated by an exchange quantitative
colorimetric method (Trivelli et al., 1971). S-Cr was
evaluated using Jaffe’. Colorimetric-Kinetic method
(Murray, 1984). TC was measured by enzymatic -
colorimetric method (Allain et al., 1974), while TGs was
measured by enzymatic- colorimetric method (Fossati &
Prencipe, 1982). HDL-C was determined by precipitation
method (Warnick & Wood, 1995). Low-density lipoprotein
cholesterol (LDL-C) was calculated according to formula
applied by Friedewald et al., (1972).

Urine analysis:

Urinary albumin level was evaluated in random urine
samples using dipstick test (Duncan et al., 1994). Urinary
albumin level / 24-hrs was evaluated by quantitative
determination of total urinary albumin (Orsonneau et al.,
1989).

Statistical analysis:

All data were collected and tabulated and statistically
analyzed using SPSS statistical computer package version
10 software (SPSS 10, 1999). Quantitative variables were
expressed as mean + SE, while the qualitative variables
were presented as numbers and percentages. Comparison of
qualitative data was done using chi-square test (yx°) or
Fisher's Exact test. Quantitative data were compared using
Independent- Samples T test. Statistical significance was
set at p<0.05.

3. Results

Analysis of clinical characteristics of the study subjects
(Table 1) generally indicated that all diabetic patients were
older than control subjects, however no significant
variations were detected between the age of different
groups. The study groups also showed no significant
variations according to gender distribution. On the other
hand, all diabetic groups exhibited significantly higher
body weights when compared to control subjects. Similar
body weight increase was also recorded on comparing
diabetics with macro (D-macro) to those with micro-
albuminuria (D-micro). So, it is of importance to consider
the impact of increased body weight (or obesity) on
development and progression of renal disease in diabetic
patients. For factor of duration, significant differences were
observed on comparing each of D-micro & D-macro with
D-normo, but no significant variation was detected when
the two albuminuric groups were compared. Meanwhile, all
diabetic patients were observed to have elevated blood
pressure (DBP & SBP) which tended to be significant in all
diabetic subjects when compared to control subjects.

Additionally, the two albuminuric (D-micro & D-
macro) groups showed highly significant blood pressure
(DBP & SBP) when compared to D-normo. It was noticed
that diabetic patients with macro-albuminuria are
characterized by higher blood pressure (DBP & SBP)
relative to other diabetic groups, suggesting that
susceptibility to develop overt renal failure might be
influenced by predisposition to develop higher blood
pressure.

Besides, other diabetic complications (retinopathy,
neuropathy, ischemic heart disease) have been recorded
only in the two albuminuric diabetic group, in particular
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those exhibiting macro-albuminuria (or overt renal failure),
indicating the association between incidence of these
complications and the severity of renal disease in diabetic
patients.

In table 2 serum fasting blood sugar (FBS) was
significantly increased in all diabetic subjects when
compared to control. At the same time, all diabetic subjects
showed significantly increased levels of glycosylated
hemoglobin (HbAlc) when compared to control subjects.
For the two studied variables FBS and HbAlc, statistically
significant increases were detected on comparing each of
diabetic groups with micro- and macro-albuminuria relative
to normo- diabetic patients. All diabetic subjects exhibited
marked increases in serum TC, TGs and LDL-C levels,
which were significant when compared to control and
normo-diabetic patients. Additionally, significant increases
were also observed for all tested parameters by comparing
diabetic with macro relative to diabetic with micro groups.
On the other hand, HDL-C showed reverse behaviour,
where decreased values were observed in all diabetic
patients that tended to be significant only in the two
diabetic groups with micro and macro-albuminuria when
compared to control and normo-diabetic subjects. All
diabetic subjects showed significantly increased serum
creatinine levels when compared to control subjects.
Similarly, further statistical analysis exhibited significant
elevations of serum creatinine levels in diabetic patients
with macro-albuminuria if compared to diabetic patients
with normo and those with micro-albuminuria. All diabetic
patients exhibited increased urinary albumin that tended to
be markedly significant in the two diabetic groups with
moderate and overt renal failure. Similarly, urinary albumin

Table 1. Clinical characteristics of the study subjects

values showed significant increase in the two diabetic
groups with micro and macro-albuminuria if compared to
those with normo-albuminuria, as well as on comparing
diabetics patients with macro to patients with micro-
albuminuria. Thus, confirming the relation between urinary
albuminuria concentration and the severity of renal failure.

4. Discussion

Patients with diabetes mellitus (DM) have higher
susceptibility to develop a variety of chronic complications
(Rahman et al., 2007; American Diabetes Association,
2008). Of these the most common is nephropathy, which is
the major risk factor for end stage renal disease (ESRD)
(Khan et al., 2005). As
agreement, the present study indicated that diabetic subjects
tended to develop nephropathy, which seemed to be
associated with a number of complications (retinopathy,
neuropathy and ischemic heart disease) indicating the
association between incidence of these complications and
the development of diabetic renal disease (Sasso et al.,
2006; Chandy et al., 2008; Pradeepa et al., 2010).
By comparing the present subjects with respect to clinical
characteristics, all diabetic patients were older than control
subjects, however no significant variations were detected
between the age of different groups. The study groups also
showed no significant variations regarding the gender
distribution. These results agree with findings of Prasad et
al., (2006) and Rahimi et al., (2011) who showed that age
and sex exhibited no significant variations among diabetic
patients with micro and macro-albuminuria compared to
those patients with normo-albuminuria.

Groups Control All diabetic Diabetic
n=30 n=90 n=90
DM with DM with DM with macro-
normo- micro- albuminuria
albuminuria albuminuria n=30
n=30 n=30
Age (yrs). 51.17+1.07 57.47+0.77 54.07+1.48 56.83+0.98 61.50+1.17
Sex
Male n(%) 8(26.7%) 30(33.3%) 10(33.3%) 9(30%) 11(36.7%)
Female n(%) 22(73.3%) 60(66.7%) 20(66.7%) 21(70%) 19(63.3%)
Weight(Kg) 81.07+0.48 94.53+1.45% 92.47+3.38° 94.49+2.03°" 96.63+1.89°"
Duration (yrs). - 12.63+0.72 9.57+1.62 12.83+0.71" 15.50+0.98"
SBP (mmHg). 122.33+1.71 155.78+2.96% 145.00+3.18%  152.67+5.69 " 169.67+5.20°""
DBP (mmHg). 76.00+1.13 88.72+1.95 83.17+2.18? 85.33+3.66 " 97.67 +3.57°
Retinopathy(%b) - (43.3%) - (56.7%) (73.3%)
Neuropathy(%o) - (60%) - (86.7%) (93.3%)
Ischemic heart - (41.1%) - (56.7%) (66.7%)

disease(%0).

Data are presented as meant SE. n: number of cases, (%)= percentage of cases. DM=diabetes mellitus, SBP= Systolic blood
pressure, DBP=Diastolic blood pressure. p<0.05 (significant). a=significant difference if compared DM with normo-albuminuria
and control. b=significant difference if compared DM with micro-albuminuria and control. c=significant difference if compared
DM with macro-albuminuria and control.{ =significant difference if compared DM with micro-albuminuria and DM normo-
albuminuria. 1 T =significant difference if compared DM with macro-albuminuria and normo-albuminuria.
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Table 2. Biochemical parameters in diabetic and control subjects

Groups Control Diabetic
n=30 n=90
DM with normo DM with DM with macro- albuminuria
albuminuria micro-albuminuria n=30
n=30 n=30
FBS(mg/dl) 88.30+1.47 160.27+3.712 14.02 "™+ 166.63 208.53+12.29°
HbALc(%6) 4.28+0.11 6.09 £0.09° 7.34+0.27°" 9.01+0.29
T-Cholesterol (mg/dl) 182.10+0.54 202.03+6.95° 204.93+9.27° 240.20+19.05%""
TG(mg/dl) 83.83+0.71 139.60+ 3.912 147.60+16.18° 177.27+20.88%""
HDL-C(mg/dI) 49.83+0.68 42.50+3.922 39.79+2.20° 36.27+2.79°"
LDL-C(mg/dl) 115.50 +£0.82 131.61 +4.27% 135.62+7.37° 168.48+18.64%"
S-creatinine(mg/dl) 0.80=0.02 0.89£0.032 1.06+0.04° 4.24+0.46%
Urinary albumin - 9.01£0.16 184.50+6.82° 606.97+28.65°"T
(mg/24-hr)

Data are presented as mean+ SE. n: number of cases. p <0.05(significant)

DM-=diabetes mellitus, FBS= fasting blood sugar, HbAlc= Glycosylated hemoglobin. T-cholesterol=total cholesterol,
TG=Triglyceride, HDL-C=High density lipoprotein-cholestrol, LDL-C=Low density lipoprotein-cholestrol. S-creatinine= serum
creatinine. a=significant difference if compared DM with normo-albuminuria and control. b=significant difference if compared
DM with micro-albuminuria and control. c=significant difference if compared DM with macro-albuminuria and control,
d=significant difference if compared DM with micro-albuminuria and DM with macro-albuminuria. ¥ = significant difference if
compared DM with micro-albuminuria and DM with normo-albuminuria. 1 ¥ = significant difference if compared DM with

macro-albuminuria and DM with normo-albuminuria.

For factor of duration, the present study demonstrated
significant differences on comparing each of diabetic micro
and macro with diabetic normo- albuminuria, but no
significant variation was detected when the two
albuminuric groups were compared. In agreement,
Unnikrishnan et al., (2007) reported that duration of
diabetes was significantly higher in subjects with micro-
and macro- albuminuria as compared to those in normo-
albuminuric group. Thus, indicating that progression of
diabetic renal disease occurs in association with increase in
duration of diabetes.

According to other studies, progression of diabetic renal
disease was characterized by increased serum creatinine
levels (Anjaneyulu & chopra, 2004) which occurs in
association with a fall in glomerular filtration rate (GFR),
indicating the increasein serum creatinine as a well
accepted marker for impaired renal function (Adler et al.,
2003). Similar findings were also detected in the present
study regarding the association between the progression of
diabetic renal disease and the increase in the levels of
serum creatinine.

Other workers have presented albuminuria as a
powerful predictor of progress to nephropathy in patients
with type 2 diabetes (Keane et al., 2003). Albuminuria (or
elevated urinary albumin excretion) may reflect underlying
renal expression of vascular damage, hypertension,
endothelial dysfunction (Stehouwer et al., 2004), and
inflammation (Ritz, 2003). Therefore, it has become clear
that albuminuria is not only indicator for diabetic renal
disease, but also for progress to more advanced stages of
the disease (Murussi et al., 2009). If diabetic renal disease
progresses, GFR slowly decreased due to the reduced
filtration surface (Osterby et al., 1988).With decreased
GFR,
hypertension will develop, which in turn accelerates the
filtration process (Hovind et al., 2001) and thereby

facilitates albumin leakage from glomerular capillaries into
the urine (Tryggvason & Pettersson, 2003). At first, there
will be relatively small amounts of urinary albumin, (also
called microalbuminuria which is defined as levels of
albumin ranging from 30 to 300 in a 24-hrs urine
collection). As the kidney damage progresses the amount of
albumin  increases and the  patient  develops
macroalbuminuria (also called overt albuminuria or
proteinuria) which is defined as levels > 300 mg/24-hrs
(Molitch et al., 2004).

In the present study, all diabetic patients exhibited
increased urinary albumin concentration that tended to be
markedly significant in the two diabetic groups with micro
and macro-albuminuria. Similary, urinary albumin values
showed significant increase in the two diabetic group with
micro and macro-albuminuria if compared to those with
normo-albuminuria, as well as on comparing diabetic
patients with macro to patients with micro-albuminuria.
Thus, confirming the relation between urinary albumin
concentration and the severity of renal disease.

Obesity is a strong risk factor for renal failure,
especially in patients with diabetes and hypertension (Hsu
et al., 2006). Recent studies have further highlighted the
role of obesity in the renal damage observed not only in
patients with obesity-related glomerulopathy but also in
over weight subjects with type 2 diabetes (Locatelli et al.,
2006). Increased body weight may have independent effect
on increasing proteinuria in type 2 DM patients and
therefore body weight remains an important target of
control in overweight DM patients (Rossi et al., 2010).
Weight loss is noted to be significantly decrease urinary
protein excretion in diabetic patients with nephropathy
(Saiki et al., 2005).The etiology may be ascribed to the fact
that adipose tissue is a source of hormones, including
angiotensinogen, renin and leptin that may influence renal
function and blood pressure (BP) (Gross & Amann, 2004).
Numerous inflammatory mediators such as TNFa, IL-6,
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resistin and others (Wisse, 2004) are also secreted from
adipose tissue. These in all may contribute to chronic
inflammation, general atherosclerosis and probably insulin
resistance associated with kidney disease. In the present
study, all diabetic groups exhibited significantly higher
body weights when compared to control subjects. Similar
body weight increase was also recorded on comparing
diabetics with macro to those with micro-albuminuria. So,
it is of importance to consider the impact of increased body
weight (or obesity) on development and progression of
renal disease in diabetic patients.

Renal function and blood pressure are tightly linked.
Physiologically, kidney provides a key mechanism for
autoregulation of glomerular blood pressure (Guyton,
1991), whereas elevated blood pressure affects renal
function via pressure natriuresis mechanism (Romero &
Knox, 1988; Firth et al., 1990). Pathophysiologically, long
standing hypertension attenuates pressure natriuresis
(Roman & Cowley, 1985) and can cause or at least
contribute to renal damage (Griffin & Bidani, 2004).
Therefore, hypertension is one of the imperative
contributing factors associated with both causation and
progression of renal failure (Levey et al., 2002). Several
reports have indicated the reno-protective effect of blood
pressure reduction ( Lewis et al., 1999; Bakris et al., 2000),
thus providing a more pronounced recommendation for
blood pressure control in diabetics, aiming for a target of
blood pressure less than 130/80 (Chobanian et al., 2003).
In the current study, all diabetic patients were observed to
have significantly elevated blood pressure (DBP & SBP) as
compared to control subjects, except for diabetics with
normo-albuminuria, where non significantly increased DBP
was observed. Additionally, it was noticed that diabetic
patients with macro-albuminuria are characterized by the
higher blood pressure (DBP & SBP) relative to other
diabetic groups, suggesting that susceptibility to develop
overt renal failure might be influenced by predisposition to
develop higher blood pressure (Hsu et al., 2005).

Higher blood pressure can adversely affect kidney
function through various mechanisms. One of them is that
the increased blood pressure within the glomerulus
(glomerular hypertension) enhances GLUT-1 expression
with concomitant increase in intracellular glucose
accumulation, amplifying the deleterious effects of glucose
and its metabolites within the kidney (Gnudi et al., 2003).
Increased blood glucose level induces injury in the kidney
through various pathways, including increases in the
formation of reactive oxygen species (ROS), as well as
advanced glycation end products, (AGEs) which play a
critical role in the development of diabetic nephropathy
(Chen et al., 2001; Twigg et al., 2002). AGEs are
heterogeneous groups of macromolecules that are normally
formed non-enzymatically by the interaction of reducing
sugars with free amino groups of proteins, lipids, and
nucleic acids, but their formation increases under high
glucose ambience (Brownlee, 2005; Huebschmann et al.,
2006; Ahmed & Thornalley, 2007). Engagement of AGEs
to their receptors (RAGE) has been shown to play a critical
role in diabetic complications, including DN (Yan et al.,
2008). This is because activation of RAGE induces
production of a variety of cytokines, including tumor
necrosis factor B (TNFf), which mediates an inhibition of
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metalloproteinase and increases production of mesangial
matrix, leading to glomerulosclerosis (Yan et al., 2007) and
thus diabetic nephropathy.

In other way, a major role of AGEs in the development
of diabetic nephropathy is through enhancing vascular
permeability (Pugliese et al., 1997) thereby accelerating the
vasculopathy of end stage diabetic renal disease (Sugiyama
et al., 1996; Fishbane et al., 1997; oldfield et al., 2001).

Among the most investigated AGEs is glycated
hemoglobin (HbAlc) which is the product of a slow and
largely irreversible reaction that occurs through non
enzymatic glycation of hemoglobin (John, 1997). Chronic
hyperglycemia, as measured by HbAlc, is an established
risk factor for diabetes associated microvascular diseases
(The Diabetes Control and Complications Trial Research
Group, 1993). A reduction of 1% in HbAlc is associated
with a 37% decrease in microvascular endpoints (Stratton
et al., 2000). In other studies, fasting plasma glucose
concentration and HbAlc, each predict elevated
albuminuria, deined as an albumin / creatinine ratio (ACR)
> 30 mg/g, after adjusting for age, sex, and duration of
diabetes (Nelson et al., 1995). The risk of hyperglycemia
(HbAlc) amplifies the risk of micro-albuminuria conferred
by increased systolic blood pressure (Tapp et al., 2004). In
support, Nikzamir et al., (2009) found that more severe
albuminuria was significantly associated with higher levels
of HbAlc among diabetic groups with (normo-, micro-, and
macroalbuminuria). In this regard, the present study
showed that, serum fasting blood sugar (FBS) was
significantly increased in all diabetic subjects when
compared to control. At the same time, all diabetic subjects
showed significantly increased levels of HbAlc when
compared to control subjects. For the two studied variables
[(FBS) and (HbAlc)], statistically significant increases
were detected on comparing each of diabetic groups with
micro- and macro-albuminuria relative to normo- diabetic
patients. Thus, indicating the importance of both glucose
and HbAlc levels as predictors for developing nephropathy
status (micro- and macro- albuminuria) among diabetic
patients.

Apart from the role of glucose metabolic changes , it is
worth stating that, plasma lipid levels have emerged as
potentially important predictors of DN risk (Hovind et al.,
2004). In diabetes, multiple lipid abnormalities are already
present at an early stage of diabetic nephropathy (Tolonen
et al., 2008). In other studies, increased circulating lipids
and enhanced glomerular lipid synthesis have been clearly
implicated in diabetic glomerulosclerosis (Leiter, 2005). In
addition, several recent studies, have documented enhanced
kidney synthesis of triglycerides and cholesterol in diabetes
(Proctor et al., 2006; Jiang et al., 2007). This increased
local lipid synthesis appears to be stimulated in diabetes
due to a number of factors, including increased renal
expression of the transcription factor, sterol regulatory
element-binding protein-1, which, when over expressed in
mice, causes lipid accumulation and induces expression of
transforming growth factor B (TGF-B), plasminogen
activator inhibitor-1, and vascular endothelial growth factor
(VEGF). This endogenous kidney lipid synthesis pathways
appear to directly result in enhanced accumulation of extra-
cellular matrix (ECM) proteins, mesangial expansion, and
glomerulosclerosis, suggesting that diabetes induces renal
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glomerular synthesis of triglycerides and cholesterol, which
then promotes glomerulosclerosis. In the present study, all
diabetic subjects exhibited marked lipid abnormalities
characterized by increased serum  T-cholesterol,
triglycerides and LDL-C levels, which were significant
only in the two diabetic groups with micro- and macro-
albuminuria when compared to control and normo-diabetic
patients. Additionally, significant increases were also
observed for all tested parameters by comparing diabetic
with macro relative to diabetic with micro- albuminuria
group. On the other hand, HDL-C showed reverse
behaviour, where decreased values were observed in all
diabetic patients that tended to be significant only in the
two diabetic groups with micro and macro-albuminuria
when compared to control and normo-diabetic subjects.
Therefore, providing a mechanism whereby lipid
abnormalities  facilitate ~ progression  of  diabetic
nephropathy.

Conclusions

Diabetic patients with nephropathy were older, more
obese and had higher systolic and diastolic blood pressure
(SBP and DSP), blood glucose & lipid profile in both sexes
(male and female). These facts underscore the necessity for
correcting BP, body weight increase (obesity) and
metabolic abnormalities for retarding development and
progression of nephropathy among type 2 diabetic
patients.
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