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Abstract

Chronic Kidney Disease (CKD) exhibits dyslipidemia and oxidative stress which are well known traditional risk
factors for vascular complications. Therefore this study was undertaken to assess the lipid profile and oxidative stress in
CKD patients. The study comprised of 95 patients with evidence of CKD. These cases were further divided into 2 groups
i.e. non dialysis and hemodialysis groups. There is a significant increase of serum triglycerides and Very Low Density
Lipoprotein (VLDL) with a decrease in serum High Density Lipoprotein—Cholesterol (HDL-C) in both non dialysis and
hemodialysis groups of CKD patients when compared with control. But there is no alteration in serum total cholesterol
and Low Density Lipoprotein Cholesterol (LDL-C) in both groups. Serum Malondialdehyde (MDA) was significantly
raised and serum Superoxide Dismutase (SOD) was significantly lowered in CKD patients both in non dialysis and
hemodialysis groups when compared with control. The same changes in respect of serum Malondialdehyde (MDA)
and Superoxide dismutase (SOD) were also noted in hemodialysis group when compared with non dialysis patients.
In hemodialysis patients, the alteration was further aggravated after hemodialysis and these changes were found to be
significant when compared with those patients before hemodialysis. All these factors are suggestive of abnormal lipid
profile and enhanced lipid peroxidation with decreased antioxidant status. This study would be beneficial for patients
with CKD especially those under hemodialysis for instituting antilipidemic drugs and antioxidant therapy which will

improve the quality of their lives.
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Introduction

Chronic Kidney Disease (CKD) is becoming a world wide health
problem due to increasing incidence and prevalence, high cost, and
poor outcomes [1]. It is a pathophysiological process with multiple
etiologies resulting in the inexorable attrition of functional nephrons
and frequently leading to End Stage Renal Disease (ESRD) necessitating
Hemodialysis as a mandatory therapeutic measure. The Kidney Disease
Outcomes Quality Initiative defines chronic kidney disease as either
kidney damage or a decreased kidney Glomerular Filtration Rate
(GFR) of less than 60 ml/min/1.73m? for 3 or more months [2].

The Chronic Kidney Disease (CKD) is characterized by specific
metabolic abnormalities of plasma lipids both qualitatively and
quantitatively [3]. Most common lipid abnormalities encountered
are increased serum triglycerides and decreased serum HDL-
cholesterol with small alteration of other lipoprotein fraction in serum
and in dialysis patients there is more of a dyslipidemia rather than
hyperlipidemia [4]. This may be a significant risk factor for vascular
complications leading to increased morbidity and mortality in CKD
patients.

Reactive Oxygen Species (ROS) are produced at constitutive levels
in nonphagocytic cells (e.g., glomerular cells and tubular epithelial cells)
for preservation of routine cellular physiology. However, derangements
in their production can lead to loss of redox homeostasis and oxidative
stress and contributes to proinflammatory and profibrotic pathways
in the kidney [5]. Formation of ROS is evident in many areas of the
kidney, predominantly in the renal cortices, whereas the medulla can
be susceptible to hypoxia and less ROS production under physiologic
conditions [6,7].

Chronic Kidney Disease (CKD) is a pro-oxidant state and the
degree of intracellular and extracellular oxidative stress is related to the

severity of renal failure [8]. The oxidative stress depends on the excess
production free radical coupled with low concentration of antioxidants.
This also has been observed that free radical induced lipid peroxidative
tissue damage has played a significant role in the pathogenesis of
various renal diseases. Lipid peroxidation is assayed indirectly by
production of secondary products like a water soluble three carbon;
low molecular weight reactive aldehyde malondialdehyde (MDA) and
assessment of antioxidant status can be measured by estimating Serum
Superoxide Dismutase (SOD).

Therefore, an attempt has been made in this study to assess the
effect of (i) lipid profile and (ii) oxidative stress as evidenced by serum
MDA and SOD activity with emphasis on patients under hemodialysis
treatment.

Materials and Methods

The study comprised of a total of 95 patients with evidence of CKD.
The patients were admitted into Nephrology unit of MIMS hospital,
Nellimarla. The CKD cases were further divided into 2 groups i.e. a
non dialysis group (stages I-IV) numbered 50 patients and ESRD group
(stage V) who were under hemodialysis comprised of 45 patients. They
were included in the study on the basis of clinical signs and symptoms of
kidney disease along with an elevated blood urea and serum creatinine
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level and a lowered eGFR. Patients with eGFR values of less than 15 ml/
min were included under stage V (ESRD) and rest of the others whose
eGFR ranged from 90 ml/min to 15 ml/min were grouped under stages
I'to IV. The ESRD patients were under hemodialysis in nephrology unit
3 to 4 hours per day, 2-3 times in a week for the last 6 months to 18
months, but non dialysis patients were under conservatively medical
therapy.

The control group comprised of 50, age and sex matched healthy
subjects who were free of features of kidney disease and having a
normal blood urea and serum creatinine level. Individual suffering from
diseases likely to modify their lipid profile as well as their oxidative and
antioxidative status, were excluded from the study. Likewise persons
with history of drugs which are likely to modify the lipid profile,
oxidative and antioxidative status were also excluded.

Informed consent was taken from the patients and subjects who
participated in the present study. Ethical committee approval has also
been obtained.

In all these groups blood urea, serum creatinine, serum lipid profile,
serum MDA and SOD concentrations were estimated. The blood
urea was estimated by GLDH-Urease method [9]. Serum creatinine
was estimated by Jaffes method [10]. The serum total cholesterol and
High Density Lipoprotein Cholesterol (HDL-C) were analyzed using
cholesterol oxidase method [11,12], triglyceride assessment was carried
out by glycerol kinase method [13], while Low Density Lipoprotein
Cholesterol (LDL-C) was calculated by using Frieldwald formula
[14]. Similarly serum SOD activity was estimated by Kakkar et al
method [15] and serum MDA level was estimated by Thiobarbituric
acid method [16] method. The estimated Glomerular Filtration Rate
(eGFR) was computed by Mayo Clinic Quadratic Equation (MCQE)
as this formula estimates more appropriately the GFR in control and
cases [17].

Statistical data: All the data are expressed in Mean and Standard
deviation. For the statistical significance, Z test was performed using
SPSS software.

Results and Discussion

Blood urea and serum creatinine registers an increase in their

Control (n=50)

Age (mean + SD) years 40.94 + 10.02 45.9 £ 10.50
Sex (males%) 60 58

(females%) 40 42

Blood urea (mg/dl) 27.12+7.31 90.46 + 28.14*
Serum Creatinine (mg/dl) 0.86 +0.11 3.11+£0.91*

“0<0.001

CKD Non dialysis patients (n=50)

levels in patients with CKD when compared to those of controls
(p<0.001, Table 1). The reason attributed to raised blood urea and
serum creatinine in patients with CKD is the declining of glomerular
filtration. CKD produces characteristic effects on major lipoprotein
fractions [18]. Hypertriglyceridemia is one of the most common lipid
abnormalities in patients with CKD [19]. In the present study the mean
serum triglyceride was significantly elevated in both non dialysis and
hemodialysis groups of CKD patients when compared with control
(p<0.001; Table 2). This observation is in agreement with Basha et al.
[20].

The accumulation of triglycerides leading to triglyceridemia in CKD
is the consequence of both a high production and a low catabolism of
triglycerides. But the predominant mechanism which is attributed for
triglyceridemia in CKD is decreased catabolism of triglycerides [21].
Various factors contribute to this metabolic aberration in CKD, which
includes:

a. Diminished lipoprotein lipase (LPL) activity as a consequence
of the down regulation of the enzyme gene [22].

b. A disproportionate increase in plasma apolipoprotein C-III
which is a possible cause of lipoprotein lipase inactivation in
uremia [23].

c. In hemodialysis patients in addition to the above factors, the
repeated use of low molecular heparins may also contribute to
lipoprotein lipase depletion [24].

d. The presence of inhibitors of lipase in CKD patients [25].

All these factors which lead to a qualitative or quantitative decrease
in LPL activity in plasma result in a decreased catabolism of triglycerides
in chylomicrons and VLDL.

CKD is usually associated with secondary hyperparathyroidism.
The secondary hyperparathyroidism leads to the impaired catabolism of
triglyceride-rich lipoproteins, which provide an additional mechanism
for raised plasma triglyceride concentrations in CKD [26].

The other alternative mechanism for hypertriglyceridemia in CKD
is the increased production of triglycerides. This mechanism involves

CKD Hemodialysis patients (n=45)
45.24 + 11.03

54
46

125.44 + 28.13**
7.21£1.72**

The diagnostic criteria for CKD like blood urea and serum creatinine were significantly higher (p<0.001) in CKD patients in both non dialysis and hemodialysis groups when

compared to control

Table 1: Demographic features and diagnostic parameters in controls and CKD Patients.

Parameter
Serum Triglycerides (mg/dl)
Serum Total cholesterol (mg/dl)

Control (n=50)
113.82 £17.83
177.26 £ 14.17

Serum HDL-C (mg/dl) 45.54 + 4.26 35.28 + 5.67**
Serum LDL-C (mg/dl) 108.95 + 13.65 105.22 + 26.15
Serum VLDL (mg/dl) 22.76 + 3.56 41.96 + 6.48"

** 5<0.001

CKD Non dialysis group(n=50)
209.80 + 32.43**
182.46 +22.12

CKD Hemodialysis group (n=45)
195.42 £ 19.13**

173.71 £ 22.80

29.97 + 3.93*

104.64 + 22.96

39.08 + 3.82**

The mean serum triglycerides and VLDL are increased in CKD in both non dialysis and hemodialysis patients when compared to control. The increase is statistically
significant (p<0.001). The mean serum HDL cholesterol is significantly decreased in non dialysis and hemodialysis patients in CKD when compared to control (p<0.001).
The mean serum total cholesterol and LDL cholesterol is not significantly altered when compared with control

Table 2: Comparative study of lipid profile in control and CKD Patients.
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impaired carbohydrate tolerance and enhanced hepatic VLDL synthesis
[27]. However its contribution to triglyceridemia is minimal in CKD.

In the present study, serum cholesterol is not altered in CKD
patients in both non dialysis and hemodialysis groups when compared
with control group. Tsumura et al. [28] observed hypercholesterolemia
in their study of patients with CKD. Hypercholesterolemia in their
cases was attributed to heavy proteinuria. The mechanism attributed
to hypercholesterolemia due to heavy proteinuria in CKD involves
altered gene expression of HMG-COA reductase, 7 alpha hydroxylase
and hepatic LDL receptor [29]. In the present study, proteinuria
was minimal and hence no change in serum cholesterol level was
observed. Vasilis et al. reported that there is no significant change in
serum cholesterol level in CKD patients, as these patients were not
having any significant degree of proteinuria. Our observation in the
present study was in agreement with findings of Vasilis et al. [30] and
was characterized by a normal serum cholesterol level due to minimal
proteinuria.

The serum LDL-C is not altered in CKD patients both in non
dialysis and hemodialysis groups in the present study when compared
with control group. Elevated plasma LDL cholesterol is common
in nephrotic syndrome but it is not a typical feature of patients
with advanced CKD, especially those who are on hemodialysis. A
vicious cycle has been suggested in uremia in which the decreased
catabolism of IDL and LDL leads to their increased plasma residence
time. Using stable isotope techniques it was shown recently that the
plasma residence time of LDL and IDL is more than twice as long in
hemodialysis patients as in nonuremic individuals. However there
is a further modification of the apoB contained in these lipoproteins
by oxidation, carbamylation, and glycation [31]. These modifications
lead to the reduced recognition and binding of these lipoproteins to
LDL receptors and LDL receptor related protein (LRP) in the liver and
hence reduction in plasma clearance by this physiologic pathway. This
reduced catabolism, which should have resulted in increased serum
LDL is however, counterbalanced by the decreased production of
LDL, resulting in near-normal plasma levels of LDL. This decreased
production of LDL is attributed to the decreased LPL activity [23]
which is a major manifestation in CKD as explained earlier, Therefore,
our observation that serum LDL cholesterol level does not undergo any
change in CKD patients is in agreement with Jain et al. [32].

In the present study, serum HDL-C is significantly decreased in
CKD patients both in non dialysis and hemodialysis groups when
compared with control. (p<0.001; Table 2) This result is in agreement
with Mordasini et al. [33]. The significant decrease of HDL-C in CKD
can be attributed to

(i) Decreased levels of apolipoproteins AI and AIl; the main
protein constituents of HDL [34].

(i) Diminished activity of LCAT; the enzyme responsible for the
esterification of free cholesterol in HDL particles [35].

(iii) Increased activity of Cholesteryl Ester Transfer Protein (CETP)
that facilitates the transfer of cholesterol esters from HDL to
triglyceride-rich lipoproteins [36].

All these factors combinedly act to reduce the serum concentration
of HDL-C.

Serum VLDL-C in the present study is significantly raised in CKD
patients both in non dialysis and hemodialysis group when compared
with control group (p<0.001; Table 2). This result is in agreement with
Bagdade et al. [37]. The factors which explain the increase in serum

VLDL include, (i) the increased activity of CETP which increases
transfer of cholesterol ester to VLDL and promotes more VLDL
formation [36]. (ii) Increased apo C-III, which is an LPL inhibitor
inhibitng the degradation of VLDL [23]. These factors increase the level
of serum VLDL-C in CKD patients.

When comparison is made in the present study between the non
dialysis and hemodialysis CKD patient groups in respect of lipid
parameters (Table 3), it is obvious that the serum triglycerides, total
cholesterol, HDL-C and VLDL-C levels are significantly decreased in
hemodialysis group in comparison to non dialysis group. But there
was no appreciable change in serum LDL-C level between both the
groups. These changes in hemodialysis patients can be attributed to the
removal of lipoproteins by repeated dialysis [38].

Under normal condition, there is a steady state balance between
production of free radicals and their destruction by the cellular
antioxidative systems. But increased free radical generation, decreased
free radical inactivation (due to decreased antioxidant capacity) or
combination of both can lead to oxidative stress. In the present study
serum MDA value was significantly raised in CKD patients both in
non dialysis and hemodialysis groups when compared with control
(p<0.001; Table 4). Likewise serum MDA level when compared between
both the groups of CKD i.e. non dialysis and hemodialysis groups, it
was observed that there was a significant elevation in hemodialysis
group (p<0.001; Table 4). The increase in serum MDA level in both
groups of CKD patients is a reflection of increased oxidative stress.
Chronic kidney disease (CKD) is commonly reported to be associated
with oxidative stress. Numerous sources of reactive oxygen species
(ROS) have been identified in CKD patients,

(i) Accumulation of uremic toxins, immunologic and metabolic
disorders and dyslipidemia [39].

CKD non dialysis
group (n=50)
Triglycerides (mg/dl) 209.80 + 32.43
Total cholesterol (mg/dl) 1182.46 +22.12

CKD Hemodialysis group
(n=45)

195.42 £ 19.13*

173.71 £ 22.80*

Parameter

HDL-C (mg/dl) 35.28 + 5.67 29.97 +3.93*
LDL-C (mg/dl) 105.22 + 26.15 104.64 + 22.96
VLDL (mg/dl) 41.96 +6.48 39.08 + 3.82*
* p<0.05

“*P<0.001

The mean serum triglycerides and VLDL are significantly decreased in hemodialysis
patients when compared with CKD non dialysis patients (p<0.05). The mean
serum HDL cholesterol is significantly decreased in hemodialysis patients when
compared to non dialysis patients (p<0.001). The mean serum total cholesterol is
also significantly raised in non dialysis patients when compared to hemodialysis
(p<0.05) however these levels were within normal range. LDL cholesterol does not
undergo any significant alteration when compared in both the groups

Table 3: Comparative study of lipid profile in CKD in Non dialysis and
hemodialysis groups.

CKD non dialysis CKD Hemodialysis

Parameter Control (n=50) group (n=50) group (n=45)
MDA (nmol/ml) 2.96 + 0.51 4.42 £ 0.58** 6.16 + 0.85**
SOD (U/ml)  9.05+ 1.47 5.71+0.84* 3.61+0.88*
**p<0.001

It was observed that the concentrations of serum MDA was significantly higher in
CKD in both non dialysis and hemodialysis group when compared to controls. But
serum SOD values in CKD registered a significant decline (p<0.001) in both non
dialysis and hemodialysis groups when compared to controls

It was also observed that the concentrations of serum MDA in CKD patients was
significantly higher (p<0.001) in hemodialysis group when compared to non dialysis
patients. But serum SOD values in hemodialysis patients registered a significant
decline (p<0.001) when compared to non dialysis patients with CKD

Table 4: Comparative study of serum MDA and SOD in control and CKD Patients.
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(ii) Phagocyte myeloperoxidase-mediated events have also been
implicated with the production of oxidized low-density
lipoprotein [40].

(iii) Advanced glycation end products and advanced protein
oxidation products, which are potent mediators of
inflammation, also lead to activation of macrophges [41].

(iv) Treatment of anemia with high levels of iron may also induce
oxidative stress [42].

The massive generation of ROS is all the more damaging because
CKD patients have a weaker antioxidant system due to a diet low in
antioxidant vitamins [43].

In hemodialysis patients the increase is further aggravated after
dialysis and this was found to be a statistically significant increase in
serum MDA when compared with those patients before hemodialysis
(p<0.001; Table 5). Patients on hemodialysis are constantly exposed
to oxidative stress. This is mostly attributed to a bioincompatibility
of dialysis membrane and diffusion of hydrophilic compounds to the
dialysate and influx of endotoxin from the dialysate. These factors lead
to activation of macrophages and production of ROS [39]. In addition
there is a loss of antioxidants during hemodialysis sessions [44]. All
the above factors lead to raised production of free radicals which cause
peroxidation of lipids and culminates in further rise in serum MDA
level after episodes of dialysis. This is in agreement with the study of
Wesen AM [45].

In the present study, the Serum Superoxide Dismutase (SOD)
activity significantly decreased in CKD patients both in non dialysis
and hemodialysis groups when compared with control (p<0.001; Table
4). Likewise serum SOD level when compared between both the groups
of CKD i.e. non dialysis and hemodialysis groups, it was observed that
there was a significant decline in the serum SOD level in hemodialysis
group (p<0.001; Table 4). When a study was conducted to asses the
serum SOD level in hemodialysis group of CKD patients before and after
hemodialysis it was observed that in hemodialysis group, the decrease
in serum SOD is further aggravated after an episode of dialysis and this
decrease was found to be statistically significant when compared with
those patients before hemodialysis (p<0.05; Table 5). This study is in
agreement with Noleto et al. [46]. The SOD is a metalloenzyme, which
is the front line defence against superoxide anions and converts it into
hydrogen peroxide. The SOD activity is decreased in CKD patients
owing to increased ROS load such as hydrogen peroxide, which is a
known suppressant of SOD activity [47]. In hemodialysis three other
factors contribute to a further decrease in serum SOD level

(a) The loss of Zn** and Cu* in the dialysate fluid which act as
cofactors of SOD activity [48].

(b) Increased lipid peroxidation especially in hemodialysis patients
which results in excess consumption of antioxidant enzyme
like SOD [47].

Parameter Before hemodialysis (n=45) After Hemodialysis (n=45)
MDA (nmol/ml) 6.16 + 0.85 6.83 £ 0.69**

SOD (U/ml) 3.61+0.88 3.11+£0.76*

*p<0.05

**p<0.001

After dialysis, concentration of serum MDA in Hemodialysis patients increased
further and the concentration of SOD in these patients decreased. These changes
were statistically significant (p<0.001 for MDA and p<0.05 for SOD) when compared
between both the groups before and after dialysis

Table 5: Comparative study of serum MDA and SOD in hemodialysis patients
before and after dialysis.

(c) A significant reduction of SOD due to decreased life span of
RBC [49].

Therefore in CKD patients both in non dialysis and hemodialysis
group, there is dyslipidemia and oxidative stress.

Conclusion

In our study dyslipidemia was observed in CKD patients
characterized by a statistically significant increase of serum
triglycerides and VLDL with a decrease in serum HDL-C in both non
dialysis and hemodialysis groups when compared with the controls.
However there was no hypercholesterolemia and serum LDL-C was
not significantly altered in CKD patients both in non dialysis and
hemodialysis groups when compared with controls. The accompanying
serum lipid alteration i.e. hypertriglyceridemia, increased serum VLDL
and decreased serum HDL in CKD enhance the risk of atherosclerosis
and favors higher incidence of cardiovascular complications. Therefore
lipid regulation must be instituted to decrease the risk of complications
in CKD patients.

In respect of oxidative stress and antioxidant status in CKD
patients, it was observed that the serum MDA level was significantly
raised and serum SOD level registered a significant decline in both non
dialysis and hemodialysis groups compared with control. These factors
also contribute to high morbidity and mortality in CKD patients
by promoting atherosclerosis and cardiovascular complications.
When serum MDA and SOD levels were compared in patients with
hemodialysis before and after episodes of dialysis it was also noted that
there was a significant increase in serum MDA and decreased SOD
after dialysis. Thus after hemodialysis, patients with CKD become more
vulnerable to cardiac and cerebrovascular accidents due to enhanced
oxidative stress and compromised antioxidant status. Therefore new
approaches are to be adapted with reference to dialysis membrane and
hemodialysis technique. This modification is to be potentiated with
supplementing exogenous antioxidants to counterbalance the ROS
which are produced in massive quantity in CKD in the hemodialysis
group especially after dialysis. These corrected measures will play
a significant role in improving the quality of life in CKD patients
especially those who are under hemodialysis.
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