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Abstract: Diabetes mellitus is a chronic metabolic disorder that can lead to serious cardiovascular, renal, neurologic and
retinal complications. Diabetes clustered with hypertension and nephropathy has become the leading cause of end-stage
renal disease globally. This study describes diabetes, hypertension and nephropathy with reference to glycemic control,
dyslipidemia and endothelial dysfunction indicating the foremost basis of morbidity and mortality world wide and
rapidly progressing in Pakistan. Study subjects selected and divided in four groups (60 each) followed by institutional
ethical approval and informed consent. Group 1: non-diabetic, normotensive control subjects; Group 2: diabetic,
normotensive patients; Group 3: diabetic, hypertensive patients and Group 4: diabetic, hypertensive patients with
nephropathy. Their fasting blood samples analyzed for the estimations of blood glucose, HbAlc, serum triglyceride,
cholesterol, LDL-cholesterol, HDL-cholesterol, urea, creatinine, nitric oxide and sialic acid levels. Results showed that
all the groups showed significant rise in fasting blood glucose. Similarly HbAlc levels were also significantly high in all
the patients as compared to controls. Group 2 showed significantly high serum cholesterol and LDL levels and low HDL
levels. Group 3 and 4 showed significantly high serum triglyceride, cholesterol and LDL levels where as low HDL levels
as compared to controls. Group 3 showed significantly high serum creatinine. Group 4 showed a significantly high serum
urea and creatinine as compared to controls. Persistent albuminuria was characteristic in Group 4 patients. Significantly
low production of serum nitric oxide with high concentration of serum sialic acid was observed in Group 3 and 4 as
compared to controls. Results indicate a clear relationship of declining renal function with poor glycemic control,
abnormal lipid metabolism, endothelial dysfunction and initiation of acute phase response in tissues affected from the
microvascular complications of diabetes like hypertension and nephropathy. It must be taken into account while
screening diabetic patients to get them rid of progressive renal impairment leading to end stage renal disease.
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INTRODUCTION

Diabetes mellitus is a metabolic syndrome characterized
by collection of disorders of which hyperglycemia is the
hallmark (Hasan et al., 2004). According to an estimate
there are 15% Pakistanis with diagnosed diabetes and
million more who remain unaware that they have the
disease. This number is expected to increase to 49 % by
the year 2050 (Shera et al., 2004).

Diabetes mellitus is a complex metabolic disease
associated with a large variety of complications. Principle
diabetic complications were found to be cardiovascular
diseases, ophthalmic diseases, nephropathy, esthetic
diseases, plant nerve diseases, cerebral blood vessel
diseases, limbs blood vessel diseases and athletic nerve
diseases (Shi et al., 2004). This presents a serious
challenge to the health care system because people with
diabetes have an increased mortality and a reduced life
expectancy compared with those without diabetes
(Morgan et al., 2000). A study conducted by World
Health Organization (WHO) indicated that the estimated
world wide burden of diabetes will be more than 300
millions by the years 2025 if the present trend continues.
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This burden is more in developing countries as 85% of
diabetic patients live there and suffers from one or more
complication of the disease by age 55 years (WHO,
2004).

The development and progression of chronic
complications of diabetes are known to be related to
certain factors such as glycemic control, increased age,
longer duration of diabetes, less physical activity, history
of smoking, hypertensio and obesity (Williamson et al.,
2000; Khuwaja et al., 2004, MRFITR, 1993;
Wannamettee et al., 2000).

Hypertension is an extremely common comorbidity of
diabetes affecting 40-60% of people with diabetes.
Hypertension is also a major risk factor for cardiovascular
events, such as myocardial infarction and stroke as well as
for microvascular complications such as retinopathy and
nephropathy (Carlos et al.,, 2002). Hypertension
frequently coexists with diabetes mellitus, occurring twice
as frequently in diabetic as in non-diabetic persons (El
Atat et al., 2004). Hypertension is the major risk factor
for the development of cardiovascular disease and for
progressive renal insufficiency in diabetes mellitus
(Braam et al., 2004; Jeremy, 2003).
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The primacy of renal structural disease in the
pathogenesis of hypertension in diabetes mellitus
demonstrates a close relationship between

microalbuminuria and blood pressure elevation (Tarn and
Drury, 1994). Microalbuminuria is associated with
structural lesions of kidney, including increased basement
membrane thickness and arteriolar and glomerular
accumulation if extracellular matrix. Blood pressure is
higher in diabetic patients with albuminuria than in those
with out it, and blood pressure increases as urinary
albumin excretion rises. Microalbuminuria precedes a rise
in blood pressure, and hypertension is no more prevalent
in diabetic patients without albuminuria than in non
diabetic population (Bakris et al., 2000). About 30-40%
of diabetic patients develop overt diabetic nephropathy
which additionally impairs lipid metabolism. Lipid
metabolism in diabetes may also be altered when renal
replacement therapy is instituted (Thomas et al., 2006).
The endothelial dysfunction associated with diabetes has
been attributed to a lack of bioavailable nitric oxide (NO)
(James et al., 2004). The serum sialic acid (N-acetyl
neuraminic acid) concentration is a marker of the acute
phase response, since many of the acute phase proteins
(e.g. al-acid glycoprotein, fibrinogen and haptoglobin) are
glycoproteins with sialic acid as the terminal sugar of the
oligosaccharide chain (Crook et al., 2001). Circulating
serum sialic acid, an inflammatory marker has recently
been shown to be a strong predictor of cardiovascular
mortality (Sriharan et al., 2002).

By keeping in mind the above mentioned facts, present
study was designed to cluster the investigations regarding
coexistence of diabetes mellitus, hypertension and
nephropathy and the association of glycemic control,
dyslipidemia and endothelial dysfunction in the
progression of disorders.

SUBJECTS AND METHODS

Study Population

Already registered patients with type 1 and type 2
diabetes mellitus of either sex admitted in diabetic wards
or visiting out patient departments of various hospitals
and medical centers in Karachi were selected. The aim
and procedures were explained to patients and/or
attendant and informed consent was obtained. The mean
age of patients was 48.48+11.52 (mean+SEM) vyears.
Their diabetes age was more than five years. The
diagnosis of diabetes was made according to the World
Health Organization’s (WHO) criteria. The study protocol
was approved by the regulations of institutional ethical
committee for the use of human subjects in research. The
patients were divided into four groups as follows. Each
group contained 60 subjects:

Group 1: Normal healthy individuals with no known
history of hyperglycemia, hypertension or
renal insufficiency as controls.

Diabetes mellitus patients with no known
history  of  hypertension and  renal
insufficiency.

Diabetes mellitus patients with known history
of hypertension or taking any antihypertensive
drug without any known history of renal
isufficiency.

Diabetes mellitus patients with known history
of hypertension or taking any antihypertensive
drug with persistent albuminuria.

Group 2:

Group 3:

Group 4.

Sample Collection

The fasting blood samples of patients and control subjects
were collected following aseptic techniques after the
patients have been taken no drugs for the last 12 hours or
more. An aliquot was taken separately in order to get
serum. An informed consent was obtained for analysis of
blood samples. Blood samples were processed the same
day for estimations, in accordance with the ethical
guidance and regulation of institution and with generally
accepted guidelines governing such work.

Analytical Methods

The fasting blood glucose, serum triglyceride, cholesterol,
LDL, HDL, urea, and creatinine were estimated by
routine enzymatic colorimetric methods. The HbAlc
levels were estimated by fast ion exchange resin
separation method. Serum nitric oxide was measure by
means of its metabolites nitrite and nitrate by
spectrophotomerty (Smarason et al., 1997) and serum
sialic acid was estimated by Ehrlich’s method (Crook,
1993).

Statistical Analyses

Results are presented as meantSEM. Statistical
significance and difference from control and test values
evaluated by Student’s t-test. The parametric one-way
analysis of variance (ANOVA) was used to compare
means of a quantitative variable between two or more
groups when equal variances were assumed. p-values of
<0.05 were considered significant. All statistical analyses
were done by using statistical package for social sciences
(SPSS) version 14.0 for Windows (Chicago, IL. USA).

RESULTS

The results are compiled in tables 1-3. In group 2
(diabetic patients) fasting blood glucose, HbAlc, serum
cholesterol and LDL-cholesterol were found significantly
high (p<0.01) where as HDL-cholesterol was significantly
low (p<0.01) as compared to group 1 (controls). No
significant change was observed in case of serum
triglyceride, urea, creatinine, nitric oxide and sialic acid
levels (table 1).
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Table 1: Comparison of glycemic status, dyslipidemia
and endothelial dysfunction in groups 1 and 2

Group 1 Group 2
Parameters (Diabetic
(Controls) -
patients)
Fasting Blood Glucose
(mmol/L) 5.38+0.45 9.1+4.0*
HbAlc (%) 4.54+1.29 7.41+2.14*
Serum Triglyceride 0.9740.18 1024023
(mmol/L)
Serum Cholesterol
(mmol/L) 4.844+0.57 6.74+0.88*
LDL-Cholesterol(mmol/L) 2.57+0.43 2.92+0.46*
HDL-Cholesterol(mmol/L) 1.35+0.19 1.06+0.12*
Serum Urea (mmol/L) 10.78+2.46 9.62+2.01
Serum Creatinine (umol/L) | 111.82+45.97 | 116.52+32.59
Serum NO,/NO3 (umol/L) 18.13+2.65 17.5+2.9
Serum Sialic acid
(mmol/L) 1.7+0.35 1.98+0.25

n=60, Values are mean+SEM, *p<0.05 as compared to controls

Group 3 (Diabetic hypertensive patients) showed
significantly high (p<0.01) levels of fasting blood
glucose, HbAlc, serum triglyceride, cholesterol, LDL-
cholesterol, creatinine and sialic acid levels where as
HDL-cholesterol and serum nitric oxide levels were
significantly low (p<0.01) as compared to controls. No
significant difference was found in the levels of serum
urea (table 2).

Table 2: Comparison of glycemic status, dyslipidemia
and endothelial dysfunction in groups 1 and 3
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The diabetic nephropathy patients (Group 4) showed
significantly high levels (p<0.01) of fasting blood
glucose, HbAlc, serum triglyceride, cholesterol, LDL-
cholesterol, urea, creatinine and sialic acid where as
significantly low levels (p<0.01) HDL-cholesterol as well
as serum nitric oxide as compared to controls (table 3).

Table 3: Comparison of glycemic status, dyslipidemia
and endothelial dysfunction in groups 1 and 4

Group 4
Group 1 (Diabetic
Parameters (Controls) nephropathy
patients)
Fasting Blood Glucose
(mmol/L) 5.38+0.45 12.154+3.54*
HbAlc (mmol/L) 4.54+1.29 9.24+1.84*
Triglyceride (mmol/L) 0.97+0.18 1.42+0.22*
Serum Cholesterol -
(mmol/L) 4.84+0.57 7.64+2.45
LDL-Cholesterol .
(mmol/L) 2.57+0.43 3.4+0.41
HDL-Cholesterol 1.35+0 19 0.8840.14%
(mmol/L) T T
Serum Urea (mmol/L) 10.78+2.46 19.36+4.58*
serum Creatinine 111.82445.97 | 198.44+26.41%
(umol/L)
Serum NOZ/NO 18.13+2.65 | 10.99+2.09*
(umol/L)
Serum Sialic acid *
(mmol/L) 1.740.35 2.2+0.38

n=60, Values are mean+SEM, *p<0.05 as compared to controls

Group 3 The parametric one-way ANOVA revealed that except
Parameters (Group 1) (Diabetic fasting blood glucose, HbAlc and serum urea levels in
Controls hypertensive group 3, all means were significantly different between
= patients) the groups of patients (table 4).
Fasting Blood Glucose
(mmol/L) 5.38+0.45 9.46+2.26*
HbALc (%) 4.54+1.29 8.15+1.65* Table 4: Comparison of means with in groups of patients
Triglyceride (mmol/L) 0.97+0.18 1.38+0.24* by ANOVA
Serum Cholesterol
(mmoliL) 4.84+0.57 6.82+0.87* Parameters Group2 | Group3 | Group 4
Chol i (p-value) | (p-value) | (p-value)
'(‘n?n';c')l /LC)’ estero 2574043 | 3.22+0.49* Fasting Blood Glucose | 0.029 | 0.055 0.022
HbAlc 0.022 0.052 0.007
HDL-Cholesterol 1.35:0.19 | 0.99+0.13* —
(mmol/L) Triglyceride 0.001 0.005 0.012
Serum Urea (mmol/L) 10.78+2.46 11.24+2.5 Serum Cholesterol 0.009 0.009 0.042
Serum Creatinine LDL-Cholesterol 0.001 0.018 0.027
+ +43.8*
(umol/L) 111824597 | 155.08+43.8 HDL-Cholesterol 0.015 0.008 0.009
Serum NO,/NO; (umol/L) 18.13+2.65 13.01£2.49* Serum Urea 0.004 0.068 0.036
Serum Sialic acid 1.740.35 2 140.37* Serum Creatinine 0.015 0.001 0.009
(mmol/L) ~ ~ Serum NO,/NO; 0.042 0.008 0.001
n=60, Values are mean+SEM, *p<0.05 as compared to controls Serum Sialic acid 0.012 0.018 0.014
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DISCUSSION

From the results of present study, it is evident that the
progression of hypertension and nephropathy in patients
of diabetes is strongly related to the degree of
hyperglycemia. This progressive change is clearly
indicated in all the groups (tables 1-3). The fasting blood
sugar levels for current status of glycemic control where
as HbAlc was used to represent the glycemic history of
previous 2-3 months (the average erythrocyte life span)
and the rate of its formation is directly proportional to the
ambient glucose concentration. This study showed poor
glycemic control in diabetic (table 1), diabetic
hypertensive (table 2) and diabetic nephropathy (table 3)
patients as compared to controls. The present study found
this reality as in diabetic hypertensive patients the mean
HbAlc levels were observed >8% and in diabetic
nephropathy patients the mean HbA1c levels were found
to be >9% (tables 2-3). It is also correlated with poor
blood pressure control and hyperlipidemia to accelerate
diabetes complications (Bhatt et al., 2002).

A variety of factors contribute to the renal damage seen in
diabetes. By definition, hyperglycemia is a common
etiologic factor in diabetic patients with nephropathy, but
most significant is the accumulation of hypertension with
hyperglycemia before and after the onset of
microalbuminuria (Evans and Capell, 2000). It is well
established that poor metabolic control is critical in the
etiology of diabetic nephropathy. Nephropathy is
uncommon in patients with HbAlc consistently <7-8%
(Deferrari et al., 1998). The degree of which glucose
toxicity itself is directly causative in the renal lesion is
still debated. At the very least, glucose is a meaningful
and clinically relevant marker for the metabolic
abnormality that leads to nephropathy, as shown in this
study that there are fasting glucose levels are involved in
the formation of AGEs leading to progression of diabetic
microvascular complications. Diabetic patients with
ESRD had twice as much tissue AGE as patients without
diabetes, and the levels correlated directly with creatinine.

Hemoglobin is one of many proteins that undergo non
enzymatic glycation, and glycosylated hemoglobin is a
general term for hemoglobin  non-enzymatically
glycosylated with glucose. Potential glycation sites of the
hemoglobin-A molecule include the N-terminal amino
acid valine of the four polypeptide chains and all of the
free amino groups of lysine residues. The predominant
glycation site is the N-terminal valine residue of B-chain,
which accounts for ~60% of bound glucose (Nuttall,
1998). HbAlc represents the most prevalent glycated
species. Because erythrocytes are freely permeable to
glucose, the rate of formation of HbAlc is directly
proportional to the ambient glucose concentration in
which the erythrocyte circulates and to the duration of
exposure  (Krishnamurti and Steffes, 2001). The

mechanisms operating below the threshold HbAlc value
of less than 10% (which corresponds to prevailing blood
glucose concentration of less than 200 mg/dL or 11
mmol/L seem to be influenced by other components of
the diabetes mellitus for example, abnormalities in plasma
insulin concentrations.

Our findings have implications that the rate of decline of
renal function bears a clear relationship with prolonged
hyperglycemia as the progression of microalbuminuria to
overt proteinuria.

In addition to hypertension, glycemic control and genetic
influence, diabetic dyslipidemia seems to play an
important role in the pathogenesis and progression of
vascular disease in the diabetic patient and it is under
discussion if it plays a role in the evolution of diabetic
nephropathy. In present study the higher levels of
triglyceride and triglyceride-rich lipoproteins with
cholesterol in diabetic, diabetic hypertensive and diabetic
nephropathy patients were observed. This atherogenic
profile becomes more apparent when diabetic
nephropathy is present (Zimmermann et al., 1999)
indicating the associated factors in the process of
atherogenesis. Atherosclerosis is the main cause of
mortality in diabetic patients and, therefore, a better
understanding of lipid abnormalities and their
pathophysiology in diabetes is a prerequisite for
successful prevention of cardiovascular diseases (Colhoun
et al.,, 2001). The degree of glycemic control is an
important  determinant  of  serum lipoprotein
concentrations in diabetes mellitus. Cholesterol
concentrations fall by 0.1 mmol (2.2 %) and triglycerides
by 0.08 mmol (8%) for each percentage-point fall of
glycohaemoglobin. Intensive insulin treatment improves
even the normal concentration of serum lipoproteins.
Conventional insulin therapy results in peripheral
hyperinsulinemia whereas insulin concentration is less
than normal in portal circulation.

In the present study renal impairment was measured to
estimate the renal deterioration in various stages of
diabetic patients progressing towards ESRD. Serum urea
levels were found to be high in diabetic nephropathy
patients (table 4) during the present study. That shows
that serum urea alone is not a significant marker to
evaluate the renal damage in diabetic kidney patients. It is
also suggested in previous study that the laboratory
marker that has long served as the mainstay for detecting
impaired kidney function is serum creatinine (Star et al.,
2002). That is indicated in present study as serum
creatinine levels were found to be high in diabetic
hypertensive as well as diabetic nephropathy patients
(tables 2-3). Increased UAER is widely accepted as the
first clinical sign of diabetic nephropathy. However it is
possible that some diabetic patients could first manifest
reduced GFR with hypertension (Caramori et al., 2003).
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The RAAS has been implicated in the pathogenesis of
diabetic renal disease, based mainly upon the ability of
angiotensin converting enzyme inhibitors (ACEI) and
formation of angiotensin Il. This is evidenced by the
increase in osmolality due to the abnormal activity of
aldosterone cascade (Carey and Siragy, 2003). Deletion of
ACE causes a striking reduction of blood pressure, serum
electrolyte abnormalities and renal pathology, indicating
the many crucial roles of the RAAS. The beneficial
effects of ACEI or angiotensin receptor blockade in the
prevention of diabetic renal disease suggest that
angiotensin Il is a major mediator of progressive renal
injury (Lewis, 2002). However, measurement of the
activity of the circulating components of the RAAS has
largely indicated suppression in diabetic complications.

The last twenty (20) years have brought about a lucid
realization that the vascular endothelium is not a mere
barrier  between intravascular and interstitial
compartments. In fact, the vascular endothelium has
received the status of an organ, albeit a widely spread one,
which is responsible for the regulation, hemodynamic,
angiogenic vascular remodeling and metabolic, synthetic,
inflammatory, antithrombogenic, and prothrombogenic
processes. As any other organ, the vascular endothelium
is a subject for dysregulation, dysfunction, insufficiency
and failure in diabetic nephropathy (Goligorsky et al.,
2001). Diabetes is associated with altered endothelial
vascular and inflammatory, acute phase responses. This
present study finds support in the observation that
diabetes affects basal NO metabolism as a successive and
significant decrease was observed in the level of
endothelial NO at the onset of diabetic complications such
as hypertension and nephropathy. The NO is a paracrine
mediator acting as a potent vasodilator in various vascular
beds. In the kidney, NO controls both afferent and
efferent vascular tone, the ultrafiltration coefficient and
medullary blood flow (Komers et al., 2000). NO is
synthesized as a by product of conversion of its
physiological precursor L-arginine to L-citrulline. This
reaction is catalyzed by a family of enzymes known as
NO synthases (NOS). The decrease production of NO
during diabetic complications supposed to be the
consequence of reduced production of NO by NOS and
inactivation of NO by reactive oxygen species produced
either by glycosylated proteins or directly from vascular
endothelium as higher levels of HbAlc was observed in
diabetic nephropathy patients during the present study.
However, this only incompletely explains reduced
relaxant responses of microvessels to agonists such as
bradykinin in the presence of HbAlc (Vallejo et al.,
2000). Several mechanisms could account for a reduced
responsiveness of the diabetic renal vasculature to NO-
dependent vasodilation: 1) inactivation of NO and/or 2) a
reduced sensitivity of the vascular smooth muscles cells
(VSMC) to NO, 3) diminished autoregulatory adjustment
in renal vasculature resistance, 4) baroreflex-mediated
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alterations in renal sympathetic nerve activity, and 5)
increased production of NO antagonists such as
endothelin 1, and quenching of NO by AGEs during
micro and macrovascular complications (Pflueger et al.,
1999). These effects were observed during hypertension
in normoglycemic patients in present study due to variety
of factors involved in impairment of NO metabolism
(table 2).

An increasing trend of serum sialic acid in diabetic
patients with the progression of complications such as
nephropathy was indicated in this study. Serum sialic acid
is a marker of acute phase response. Acute phase
glycoproteins with sialic acid as a component of the
oligosaccharide side chain being produced by liver,
stimulated by proinflammatory cytokines (Shahid and
Tabassum, 2006). Diabetic vascular complications tend to
cause tissue injury that results in stimulation of local
cytokine secretion from cells involved in the
complications such as endothelium and macrophages and
this induces an acute phase response. The diabetic process
stimulates cytokine production from cells throughout the
body, and these cytokines play a direct role in the
causation of vascular complication. The latter is supported
by evidence that proinflammatory cytokines cause
endothelial ~ dysfunction by increasing capillary
permeability, inducing prothrombotic properties and
promoting leukocyte recruitment by synthesis of adhesion
molecules and chemoattractants (Mantovani and
Bussolino, 1997).

CONCLUSION

The findings of this study have implicated that the rate of
decline of renal function bears a clear relationship with
hypertension, poor glycemic control, abnormal lipid
metabolism, endothelial dysfunction and production of
acute phase response in tissues affected from the
microvascular complications of diabetes for example
hypertension and nephropathy. Various lipid fractions are
strongly associated with progression of diabetic kidney
disease, but the relationship is not very much same at all
stages. This finding has implications for the design of
renoprotective strategies and the interpretation of clinical
trials in patients with progressive diabetic micro and/or
macrovascular complications.

It is also concluded that endothelial dysfunction and acute
phase response are the major indicators for micro and
macrovascular complications of diabetes mellitus such as
hypertension and nephropathy. These should be taken into
account during screening procedures regarding
identifications of the diabetic patients to get them rid of
progressive renal impairment to end stage renal failure.
These slightly neglected abnormalities should be taken
into account during screening procedures regarding
indentification of diabetic patients prevent them and to
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delay the progressive renal impairment leading to end
stage renal disease.
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