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Dyslipidaemia and lipid peroxidation are known risk factors for chronic kidney disease (CKD).
This study assessed the lipid profile and oxidative stress/lipid peroxidation in CKD patient, using
the oxidative stress marker, Malondialdehyde (MDA) and antioxidants; Vitamins A and C, Cata-
lase and Uric Acid. The study population included 146 individuals with mean age 50.18 * 1.14 with
various CKD, s and who were undialysed. Another 80 healthy subjects without kidney pathology
but of similar age and sex distribution were used as controls. With the exception of HDL-C, which
showed no significant difference when CKD patients were compared with controls (1.3510.0 5 vs
1.61£0.20, p= 0.2114, total cholesterol (TC) (4.54£0.13 vs 5.6310.13, p=0.0274), low density lipopro-
tein cholesterol (LDL-C) (106.30 * 4.00 vs 126.30% 5.57, p=0.0134), and triglycerides (TG) (1.52+
0.08 vs 1.84%0.09, p=0.0086) increased significantly in the CKD patients. Serum MDA increased
significantly (1.22 £ 0.10 vs 2.66 * 0.07, p=0.0001) in the CKD patients as compared to the controls
and increased with the severity of the condition. Vitamin A (9.76%3.03 vs 16.1+5.21, p=0.0012), Cat-
alase (57.49%1.18 vs 71.98+2.91, p=0.0001) and Uric Acid (266.68%11.00 vs 333.90£10.02, p=<0.0001)
increased significantly in the CKD subjects compared to controls, whilst vitamin C (0.54%0.02 vs.
0.3410.05, p=0.0001) decreased significantly among the CKD subjects. Dyslipidaemia and in-
creased oxidative stress with abnormal antioxidant levels are common in CKD patients. Therapeu-
tic regimens aimed at strengthening the antioxidant defenses besides normalizing lipid concentra-
tions would protect CKD patients against oxidative stress and any related complications.
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INTRODUCTION

The prevalence of chronic kidney disease (CKD) has
reached epidemic proportions globally. (Coresh e al,
2007; Di Angelantonio ez al., 2007; Flessner ez al., 2009).
Nationally representative samples from USA and Taiwan
report a prevalence of 12-13%, (Wen ez a/., 2008) though
most of these individuals may not be aware of their con-
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dition. In Ghana, data on the prevalence of CKD has
been varied over the years. Bamgboye in 2006 put the
prevalence at 1.6% per million people (Bamgboye,
20006). However, Addo ez al, (2009) put the prevalence
among Ghanaian hypertensives at 4%. In a recent publi-
cation, Osafo et al., (2011) put the prevalence at 46.9%
among hypertensives in Ghana.

The most severe forms of CKD are characterized by
kidney failure and patients need renal replacement thera-
py (haemodialysis, peritoneal dialysis or renal transplan-
tation); however more patients may be affected by less
severe forms of CKD. Together with obesity or smok-
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ing, CKD contributes to around a tenth of all deaths in
Taiwan (Wen ez al., 2008) than any other cause in the gen-
eral population.

CKD leads to numerous complications as the condition
progresses. Notable among them are cardiovascular, cere-
brovascular and peripheral vascular diseases. Cardiovascu-
lar complications are the main cause of death and are
about 20 folds higher in CKD patients than any other
cause in general population (Oda and Keane, 1998). The-
se complications are down to several metabolic and endo-
crinal disturbances among which dyslipidaemia is a regular
feature. Abnormalities in lipid profiles are noticed imme-
diately renal function begins to decline (GFR<60ml/
min/1.73m) though the type and sevetity vary among
patients (Oda and Keane, 1998; Wanner, 2000). Similarly,
CKD patients are also at risk of increased oxidative stress
characterized by low antioxidant systems and an upsurge
in prooxidant activity (Locatelli e a/, 2003). In the course
of the process, polyunsaturated fatty acids (PUFA), locat-
ed in cell membrane are oxidized in vivo to produce alde-
hydes of different chain length like malondialdehyde
(MDA). This product of lipid peroxidation can structural-
ly change DNA, RNA, body protein and other biomole-
cules (Daschner ef al, 1996). Lipid abnormalities and
enhanced oxidative stress in CKD patients are involved in
disease progression and accelerates the process of athero-
sclerosis resulting in cardiovascular complications. This
study, sought to assess the lipid profile and oxidative
stress/lipid peroxidation in patients presenting with CKD
by determining relevant oxidative stress markers (MDA)
and antioxidant levels (vitamins A and C, catalase and uric

acid).

MATERIALS AND METHODS

Study area and subjects

This study was carried out at the Komfo Anokye Teach-
ing Hospital (KATH), Kumasi and Tamale Teaching
Hospital (TTH) between August 2007 and September
2009. One hundred and forty six (146) patients compris-
ing of eighty (80) females and sixty-six (66) males within
age range 14-80 years were signed on as cases. Patients
with clinically diaghosed CKD including those yet to start
dialysis were randomly selected for the study. Patients on
any form of dialysis were excluded from the study. The
aetiology of the CKD ranged from diabetic nephropathy,
90(61.6%) patients; chronic glomerulonephritis, 12(8.2%)
patients; adult polycystic kidney disease, 1(0.7%) patient;
hypertensive nephropathy, 10(6.8%) patients and chronic
kidney disease of unknown actiology, 33(22.6%) patients.
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Eighty (80) healthy volunteers of similar age and sex
distribution were studied as controls. The participation
of the respondents who are all indigenes of Ghana was
voluntary and informed consent was obtained from each
of them. The study was approved by the School of Med-
ical Sciences and KATH Committee on Human Re-
search, Publication and Ethics (CHRPE).

Sample Collection

Venous blood samples were collected after an overnight
fast (12 — 14 hours). About 5 ml of venous blood was
collected and dispensed into vacutainer® plain tubes.
After centrifugation at 500 g for 15 min, the serum was
stored at - 80°C until assayed.

Biochemical assays

Serum biochemistry was performed with ATAC® 8000
Random Access Chemistry System (Elan Diagnostics,
Smithfield, RI, USA). Parameters that were determined
include; blood urea nitrogen (BUN), creatinine (CRT),
total cholesterol (TC), triglycerides (T'G), high density
lipoprotein cholesterol (HDL-C) and low density lipo-
protein cholesterol (LDL-C) which was calculated using
the Friedwalds formula (Friedewald ez a/., 1972).

The methods adopted by the automated instrument for
the determination of the above parameters were prede-
termined by the reagent manufacturer - JAS™ diagnos-
tics, Inc. (JAS Diagnostics, Inc. Miami Florida, USA).
Total cholesterol and HDL-C determination was accord-
ing to the method described by Trinder (Trinder, 1969).
Triglycerides determination employed a modified
Trinder method (Trinder, 1969; Bartham and Trinder,
1972). Low density lipoprotein cholesterol (LDL-C)
determination: LDL-C (mmol/l) was calculated accord-
ing to Priedwald’s formula in accordance to the manu-
facturer’s instructions i.e. LDL-C = TC- TG/2-HDL-C.

Measurement of Oxidative Stress

Parameters measured included; Malondialdehyde
(MDA) (umol/1), Vitamin C (Vit C) (mg/ml), Catalase
(CAT) (units/ml) and Vitamin A (Vit A) (ug/ml).

Malondialdehyde (MDA)

Malondialdehyde (MDA) levels were determined by the
MDA thiobarbituric acid (TBA) test which is the colori-
metric reaction of MDA and TBA in acid solution.
MDA, a secondary product of lipid peroxidation, reacts
with thiobarbituric acid (TBA) to generate a red-
coloured product, which was detected spectrophotomet-
rically at 535 nm. The protocol used in this study was
the Kamal ¢ @/, (1989) modification of the Shlafer and



Shepard (1984) protocol. The absorbance of the mixture
was measured at 535 nm with a spectrophotometer
(Biomate 3S UV Visible spectrophotometer, Thermoelec-
tron Inc USA) and the results were expressed as umol/l,

using the extinction coefficient of 1.56x105 L mmol! cm-
1

Vitamin C

Vitamin C was determined by the method of Omaye ez
al., (1979) at most 3 hours after sample collection. Ascot-
bic acid in plasma is oxidized by Cu (II) to form dehy-
droascorbic acid, which reacts with acidic 2,4- dinitro-
phenylhydrazine to form a red dihydrazone which is
measured at 520 nm with a spectrophotometer.

Catalase

Catalase was assayed by the method of Takahara ez al,
(1960). To 1.2 ml of 50 mM phosphate buffer (pH 7.0),
0.2 ml of plasma was added and the enzyme reaction was
started by the addition of 1.0 ml of 30 mM H>O; solution.
The decrease in absorbance was measured at 240 nm at
30 second intervals for 3 minutes with an ultra violet-
visible spectrophotometer. The enzyme blank was run
simultaneously with 1.0 ml of distilled water instead of
hydrogen peroxide. The enzyme activity was expressed as
units/ml.

Vitamin A

Plasma- retinol (vitamin A) was determined by reverse
phase high performance liquid chromatography (HPLC)
(Zaman et al., 1993).

Proteinuria

Early morning urine was collected in plastic containers
from the respondents and urine protein was determined
using the dip-stick qualitative method (CYBOW™ DFI
Co Ltd, Gimhae-City, Republic of Korea).

Anthropometric variables

Anthropometric measurements included height to the
nearest centimetre without shoes and weight to nearest
0.1 kg in light clothing. Subjects were weighed on a bath-
room scale (Zhongshan Camry Electronic Co. ILtd,
Guangdong, China) and their height measured with a wall
-mounted ruler. BMI was calculated by dividing weight
(kg) by height squared (m?).

Estimation of GFR

The 4-variable Modification of diet in renal disease (4v-
MDRD) equation (Levey ez al., 1999) was used to estimate
the GIFR of both subjects and controls using serum creati-
nine.
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4v — MDRD = 186 x SCr~ 1% gge 020

The equation is multiply by 1.212 if black and 0.742 if
female

The GFR results from the equations was used to divide
the study population into five categories corresponding
with the five stages of CKD in the kidney disease out-
come quality initiative (K/DOQI) CKD classification
(National Kidney Foundation, 2002).

The staging classified GFR = 90 ml/min/1.73 m? as
stage 1; 60-89 ml/min/1.73 m? as stage 2; 30-59 ml/
min/1.73 m? as stage 3; 15-29 ml/min/1.73 m? as stage
4; and < 15 ml/min/1.73 m? as stage 5.

Blood pressure

Blood pressure was measured by trained personnel using
a mercury sphygmomanometer and stethoscope. Meas-
urements were taken from the left upper arm after sub-
jects had been sitting for >5 min in accordance with the
recommendation of the American Heart Association
(Kirkendall e¢# @/, 1967). Duplicate measurements were
taken with a 5 min interval between measurements and
the mean value was recorded to the nearest 2.0 mmHg.

Statistical analysis

The results are expressed as Means = SEM. Unpaired t-
test was used to compare mean values of continuous
variables and y2 was used to compare discontinuous
variables. Correlation was assessed by the Pearson’s
method. A level of p<0.05 was considered as statistically
significant. GraphPad Prism version 5.00 for windows
was used for the statistical analysis (GraphPad software,
San Diego California USA, www.graphpad.com).

RESULTS

Demographic and clinical characteristics of the study
population are shown in Table 1. The mean age of the
146 participants involved in this study was 50.18 + 1.14
(p=0.0720) with 45.2% of the participants being males.
Apart from estimated GFR (eGFR) and haemoglobin
(HGB) which were significantly decreased as compared
to the control, lipid fractions (LDL-C, TC, TG) (except
HDL-C), fasting blood glucose (FBG), blood pressure
(SBP and DBP), creatinine (CRT), blood urea nitrogen
(BUN) and proteinuria (PRT) were significantly in-
creased in the CKD subjects compared to the control
group. Marker of oxidative stress (MDA) increased sig-
nificantly in the CKD patients compared to the controls.
Apart from Vit C which decreased significantly in the
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CKD group compared to the controls, the other antioxi-
dants (Vit A, CAT and uric acid) showed a significant

From the Pearson correlation analysis in Table 3, there
is a positive cortrelation between blood pressure (SBP

Table 1. Demographic, clinical and biochemical characteristics of study population.

Parameters Control (n=80) CKD (n=146) P value
Age (yrs) 46.35 £ 1.96 50.18 £ 1.14 0.0720
BMI (kg m2) 24.66 = 0.80 24.44 + 0.44 0.8021
SBP (mmHg) 120.70 £ 1.82 140.40 £ 3.84 0.0001
DBP (mmHg) 70.42 £ 1.25 90.32 £ 2.61 0.0001
PRT (g/)) 0.04 £ 0.02 1.17 £ 0.26 0.0001
Biochemical assays

CRT (umol/l) 105.90 * 3.96 268.00 £ 25.60 0.0001
BUN (mmol/1) 3.51 £0.17 15.45 £ 2.80 0.0001
FBG (mmol/]) 531 £0.17 8.75 £ 0.33 0.0001
TC (mmol/1) 4.54 £0.13 5.63 £0.13 0.0274
TG (mmol/]) 1.52 £ 0.08 1.84 = 0.09 0.0086
HDL-C (mmol/1) 1.35 £ 0.05 1.61 £ 0.20 0.2114
LDL-C (mmol/l) 2.75 £ 0.10 3.30 £ 0.14 0.0134
e¢GFR (ml/min/173 m2) 92.40 £ 5.67 57.61 £ 4.15 0.0001
Oxidative stress markers

VIT C (mg/ml) 0.54 £ 0.02 0.34 £ 0.05 0.0001
VIT A (umol/I) 9.76 £ 3.03 16.17 £5.21 0.0012
MDA (umol/I) 1.22 £ 0.10 2.66 £ 0.07 0.0001
Uric acid (umol/1) 266.68 £ 11.00 333.90 £ 10.02 <0.0001
CAT (units/ml) 57.49 £ 1.18 71.98 £ 2.91 0.0001

BMI=Body mass index, SBP=Systolic blood pressure, DBP=Dijastolic blood pressure, PRT=Proteinuria,
TC=Cholesterol, HDL-C=High density lipoprotein, TG=Triglyceride, LDL-C= Low density lipoprotein,
CRT=Creatinine, BUN=Blood urea nitrogen, FBG=fasting blood glucose, eGFR=Glomerular filtration rate,

CAT=Catalase.

increase in CKD patients compared to controls as shown
in Table 1.

Table 2 represents demographic, clinical and biochemical
parameters during various stages of CKD. Apart from
eGFR which decreased significantly among the CKD
subjects as the condition progressed from stage 1 to 5;
CRT, BUN, PRT, SBP and DBP, increased significantly
at some stages of CKD. With the exception of LDL and
HDL, the other lipid fractions (T'C and TG) increased
significantly as the condition progressed with TG increas-
ing significantly at stage 5. The marker of oxidative stress
(MDA) increased significantly with the severity of CKD,
whereas with the exception of Vit C which decreased as
the condition progressed, the antioxidant (Vit A, CAT,
Uric acid) increased with the severity of the condition.
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and DBP) and the various oxidative stress parameters
(MDA, Vit C, uric acid and Catalase) among the CKD
group. Furthermore, with the exception of uric acid, Vit
A and CAT which showed generally a positive correla-
tion with eGFR, the other antioxidant (Vit C) showed a
negative but significant correlation with eGFR. Again
there was significant negative correlation between FBG
and MDA among CKD subjects. Furthermore, there
was a significant negative correlation between eGFR
and FBG and between CRT and eGFR among subjects
with CKD.

Figure 1 represents levels of plasma MDA (A), catalase
activity (B), uric acid (C), and albumin (D) in controls
and CKD patients. Apart from albumin (1D) which
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Table 3. Pearson correlation coefficients of clinical variables and biochemical parameters for CKD subjects

UA
0.21
0.15
0.11

CAT

0.07
0.16

Vit A
0.16
0.19
-0.1

Vit C
0.13
0.09

MDA
0.16
0.19

FBG
-0.23
-0.30*
0.17

eGFR
-0.05

0.05
0.19

CRT
0.05
0.03

LDL
-0.14
-0.17

HDL
-0.37%*
-0.18
0.32*

TG
-0.19
-0.14
0.02

DPB TC

0.76%*

Variables
SBP

-0.23
-0.21

DBP
TC

-0.16
-0.01
-0.08
-0.12
0.32*
0.08

-0.08
0.04

-0.15
-0.21
0.01

-0.24
0.22

0.96%**
-0.17
0.28*

-0.27
0.02
0.19

-0.04
-0.17
-0.10
0.14

-0.06
0.06
0.20

-0.10
-0.06
0.17

-0.43%*

TG

-0.26
-0.05
-0.29*
0.05

-0.03
-0.24

HDL
LDL
CRT

-0.08
0.17

-0.13
-0.05
-0.07
0.22

-0.28*
0.34*

-0.25%
0.03
0.11

-0.31*
-0.11

eGFR
FBG

-0.12
0.22

-0.30*
-0.31*

MDA
Vit C

-0.03
-0.08
-0.14

0.59%**
0.22

-0.29*

Vit A
CAT

¥ Correlation is significant at the 0.05 level (2-tailed), *¥,Correlation is significant at the 0.01 level (2-tailed), **¥ Correlation is significant at

Malondialdehyde, CAT= Catalase.

Uric acid, MDA

the 0.001 level (2-tailed). eGFR= Estimated Glomerular filtration rate, UA
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showed a significant decrease in the CKD subjects com-
pared to the controls, MDA (1A), uric acid (1C) and
catalase (1B) generally increased significantly in the CKD
subjects compared to the controls.

DISCUSSION

Renal disease, in early as well as advanced stages, is asso-
ciated with abnormalities in lipoprotein metabolism.
These abnormalities have been reported to be character-
ized by low plasma concentrations of HDL-C, high con-
centrations of TG, LDL-C particles, and TC (de Sain-
van der Velden ez al., 1998; Vaziri, 2006) as confirmed by
this study except for HDL-C which was not significantly
different from the controls. However, the level of HDL
in CKD is inconsistent as some researchers have shown
that it can either decrease (Vaziri, 2006) or remain un-
changed (Shah ez 4/, 1994).

The alteration in lipid metabolism has been proposed to
accelerate the progression of CKD through various
mechanisms. First, reabsorption of fatty acids, phospho-
lipids, and cholesterol contained in the filtered proteins
(albumin and lipoproteins) by tubular epithelial cells can
stimulate tubulointerstitial inflammation, foam cell for-
mation, and tissue injury (Magil, 1999). Secondly, accu-
mulation of lipoproteins in glomerular mesangium can
promote matrix production and glomerulosclerosis
(Wheeler and Chana, 1993). In this context, native and
oxidized lipoproteins, particularly LDL, stimulate pro-
duction of matrix proteins by cultured mesangial cells
and promote generation of proinflammatory cytokines,
which can lead to recruitment and activation of circulat-
ing and resident macrophages (Rovin and Tan, 1993).

Furthermore, dyslipidaemia is an important risk factor
for the development of cardiovascular events in CKD
patients and it requires intervention like the use of statins
to avoid or minimize the sequel of these complications
(Kasiske, 2003). The effects of dyslipidaemia on the kid-
ney are mainly observed in those with other risk factors
for renal disease progression such as hypertension, dia-
betes and proteinuria (Keane 2000).

Oxidative stress status among the CKD patients was
evaluated by measuring plasma lipid peroxidation end
product MDA, whereas antioxidant vitamins (vitamin A
and C), uric acid and catalase evaluated the antioxidant
status. The increase in MDA found in this study is in
agreement with the results of other studies (Rutkowski ez
al., 2006) which support the observation that MDA is
increased in CKD patients compared to controls. This
gives an indication of the state of oxidative stress to
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which the patients are subjected. Furthermore, levels of =~ Moreover, MDA altered LDL-C (Ox LDL) leads to
MDA increased with the progression of disease from stage  cholesterol ester accumulation within human monocyte
1 to stage 5. This is in accordance with the study of Yil-  macrophages and it has been hypothesized that modifi-

maz et al., (2000). Lipid peroxidation products may con-  cation of native LDL may be a prerequisite for the accu-
tribute to endothelial injury and may be involved in inten-  mulation of cholesteryl esters within the cells of athero-
sive oxidative modifications of LDL (Esterbauer ¢ al,  sclerotic lesion (Fogelman e al, 1980). Secondly, in-
1992) and in the development of atherosclerosis (Basha  creased lipid peroxidation causes endothelial dysfunc-
and Sowers, 1996). tion through the breakdown of nitric oxide (Taddei e#

al., 1998). Consequently, the endothelial cells lose their
ability to protect the vessel wall and become atheroscle-
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Figure 1. Levels of plasma MDA (A), catalase activity (B), uric acid (C), and albumin (D) in controls and
CKD patients. Results are means * SEM.. Values significantly different from controls *=p<0.05, **=p<0.01,
Foke,

*p<0.001
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rotic promoters (Liischer and Vanhoutte, 1990). Thus
lipid peroxidation marked by an increased MDA level may
also contribute to the high incidence of premature athero-
sclerosis in CKD patients.

Catalase is a haemoprotein catalyzing the reduction of
hydrogen peroxides and protects against the formation of
highly reactive hydroxyls. The plasma concentrations of
catalase increased significantly in the CKD patients com-
pared with the controls, and increased with the severity of
the condition. This observation is however contrary to
the findings made in other studies elsewhere (Chen ez a/,
1997) and may thus require further scientific enquiry.

Ascorbic acid represents one of the most prominent anti-
oxidants, exerting beneficial effects by an inhibition of
lipid peroxidation and by reducing endothelial dysfunction
(Deicher and Horl, 2003). The significant decrease in the
plasma concentration of Vitamin C observed in this study
is consistent with the observations made in other studies
(Bakaev ez al., 1999). Although in CKD deficiency of vita-
min C can be observed, its administration in these patients
requires caution.

The elevated plasma retinol (Vitamin A), an antioxidant
fat-soluble vitamin, observed among the CKD patients in
this study is consistent with the findings of Hala ez 4/,
(2000). The high level of plasma retinol in CKD may be
due to the increased levels of RBP (retinol binding pro-
tein), reduced vitamin excretion and decreased conversion
of retinol to retinoic acid in the whole blood (Gerlach and
Zile, 1990). In renal dysfunction both the excretory and
tubular catabolism of RBP ate reduced which results in
the accumulation of these proteins in the blood (Smith
and Goodman, 1976). In this study there was a negative
correlation between eGFR and plasma retinol. Ayatse,
(1991) however observed a positive correlation between
serum creatinine and plasma retinol.

Uric acid is generated in the human body by the degrada-
tion of purines. It has been found that uric acid is a pow-
erful antioxidant and is a scavenger of singlet oxygen and
other radicals (Grootveld and Halliwell, 1987). In this
study, the significantly higher plasma uric acid concentra-
tion that was found compared to the control, is probably
a consequence of the failure of the excretory function of
the kidneys as well as increased protein catabolism as part
of the hypercatabolic state in CKD (Davison e# al., 1999).
Hyperuricaemia is often present and associated with an
increased prevalence of gouty arthritis and tophi in CKD.
It also acts as an independent factor in the progression of
renal disease and cardiovascular risk factor as well. High
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uric acid levels induce vasoconstriction, inflammation
and intrarenal generation of angiotensin II, all of which
promote hypertension (Johnson ez 4/, 2005).

CONCLUSION

It has been established by this study that dyslipidaemia
and increased lipid peroxidation (oxidative stress) with
abnormal antioxidant levels are common in CKD pa-
tients. Based on the findings in this study, it may seem
reasonable to propose that therapeutic regimens aimed
at strengthening the antioxidant defenses as well as nor-
malizing lipid concentrations would be useful in protect-
ing CKD patients against lipid peroxidation (oxidative
stress) and any related complications.

ACKNOWLEDGEMENT

The authors are grateful to the staff of the Laboratory
Department, Tamale Teaching Hospital and the Depart-
ment of Clinical Biochemistry, KATH for their tech-
nical assistance.

REFERENCES

Addo J., Smeeth L. and Leon D.A. (2009) Hypertensive
target organ damage in Ghanaian civil servants
with hypertension. PLoS One 4, e6672.

Ayatse J.O. (1991) Human retinol-binding protein: its
relationship to renal function in renal diseases.
West Afr | Med 10, 226-231.

Bakaev V.V., Efremov A.V. and Tityaev, II (1999) Low
levels of dehydroascorbic acid in uraemic se-
rum and the partial correction of dehy-
droascorbic acid deficiency by haemodialysis.
Nephrol Dial Transplant 14, 1472-1474.

Bamgboye E.L. (2006) End-stage renal disease in sub-
Saharan Aftrica. E#hn Dis 16, S2-5-9.

Barham D. and Trinder P. (1972) An improved colour
reagent for the determination of blood glucose
by the oxidase system. Analyst 97, 142-145.

Basha B.J. and Sowers J.R. (1996) Atherosclerosis: an
update. Am Heart ] 131, 1192-1202.

Chen C.K,, Liaw J.M,, Juang ].G. and Lin T.H. (1997)
Antioxidant enzymes and trace elements in
hemodialyzed patients. Bio/ Trace Elenz Res 58,
149-157.

Coresh J., Selvin E., Stevens L.A., Manzi J., Kusek J.W.,
Eggers P., Van Lente F. and Levey A.S. (2007)
Prevalence of chronic kidney disease in the
United States. [4AM.A 298, 2038-2047.

Daschner M., Lenhartz H., Botticher D., Schaefer F.,
Wollschlager M., Mehls O. and Leichsenring



M. (1996) Influence of dialysis on plasma lipid
peroxidation products and antioxidant levels.
Kidney Int 50, 1268-1272.

Davison A.M., Clumming A.D., Swainson C.P. and
Turner N. (1999) Diseases of the kidney and
urinary system: CRFE. In Davidson’s Principles and
Practice of Medicine, pp. 433-439 [C. Haslett, E.R.
Chilvers, J.A.A. Hunter and N.A. Boon, editors].
London (UK): Churchil Livingstone.

de Sain-van der Velden M.G., Kaysen G.A., Barrett H.A.,
Stellaard F., Gadellaa M.M., Voorbij H.A.,
Reijngoud D.J. and Rabelink T.J. (1998) In-
creased VLDL in nephrotic patients results from
a decreased catabolism while increased LDL
results from increased synthesis. Kidney Int 53,
994-1001.

Deicher R. and Horl W.H. (2003) Vitamin C in chronic
kidney disease and hemodialysis patients. Kidney
Blood Press Res 26, 100-106.

Di Angelantonio E., Danesh J., Eiriksdottir G. and Gud-
nason V. (2007) Renal function and risk of coro-
nary heart disease in general populations: new
prospective study and systematic review. PLoS
Med 4, €270.

Esterbauer H., Gebicki J., Puhl H. and Jurgens G. (1992)
The role of lipid peroxidation and antioxidants
in oxidative modification of LDL. Free Radic Bio/
Med 13, 341-390.

Flessner ML.F., Wyatt S.B., Akylbekova E.L., Coady S.,
Fulop T., Lee F., Taylor H.A. and Crook E.
(2009) Prevalence and awareness of CKD
among African Americans: the Jackson Heart
Study. Awm | Kidney Dis 53, 238-247.

Fogelman A.M., Shechter 1., Seager J., Hokom M., Child
J.S. and Edwards P.A. (1980) Malondialdehyde
alteration of low density lipoproteins leads to
cholesteryl ester accumulation in human mono-
cyte-macrophages. Proc Natl Acad S¢i U S A 77,
2214-2218.

Friedewald W.T., Levy R.I. and Fredrickson D.S. (1972)
Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of
the preparative ultracentrifuge. Clin Chem 18, 499
-502.

Gerlach T.H. and Zile M.H. (1990) Upregulation of serum
retinol in experimental acute renal failure.
FASEB | 4,2511-2517.

Grootveld M. and Halliwell B. (1987) Measurement of
allantoin and uric acid in human body fluids. A
potential index of free-radical reactions in vivo?
Biiochem | 243, 803-808.

Hala M.M., Magdi M.S., Shareef A.A. and Fawzi A.E.

36

Chronic kidney disease among Ghanaian
Owiredu et al.,

(2000) Plasma vitamins minerals and scaveng-
ing enzymes acting against oxidative stress in
patients suffering from chronic renal failure. .4/
-Azhar 29, 99-1006.

Johnson R.J., Segal M.S., Srinivas T., Ejaz A., Mu W,
Roncal C., Sanchez-Lozada L.G., Gersch M.,
Rodriguez-Iturbe B., Kang D.H. and Acosta
J.H. (2005) Essential hypertension, progressive
renal disease, and uric acid: a pathogenetic link?
J Awm Soc Nephrol 16, 1909-1919.

Kamal A.A., Gomaa A., el Khafif M. and Hammad A.S.
(1989) Plasma lipid peroxides among workers
exposed to silica or asbestos dusts. Environ Res
49, 173-180.

Kasiske B. (2003) Managing dyslipidemias in chronic
kidney disease. Nephrol/ News Issues 17, 81-83, 93.

Kirkendall W.M., Burton A.C., Epstein F.H. and Freis
E.D. (1967) Recommendations for human
blood pressure determination by sphygmoma-
nometers. Circulation 36, 980-988.

Levey A.S., Bosch J.P., Lewis J.B., Greene T., Rogers N.
and Roth D. (1999) A more accurate method to
estimate glomerular filtration rate from serum
creatinine: a new prediction equation. Modifica-
tion of Diet in Renal Disease Study Group.
Ann Intern Med 130, 461-470.

Locatelli F., Canaud B., Eckardt K.U., Stenvinkel P.,
Wanner C. and Zoccali C. (2003) Oxidative
stress in end-stage renal disease: an emerging
threat to patient outcome. Nephrol Dial Trans-
plant 18, 1272-1280.

Lischer T.F. and Vanhoutte P.M. (1990) The endothelinm:
modulator of cardiovascular function. Boca Raton,
Fla: CRC Press

Magil A.B. (1999) Interstitial foam cells and oxidized
lipoprotein in human glomerular disease. Mod
Pathol 12, 33-40.

National Kidney Foundation (2002) K/DOQI clinical
practice guidelines for chronic kidney disease:
evaluation, classification, and stratification. .4
] Kidney Dis 39, S1-2606.

Oda H. and Keane W.F. (1998) Lipid abnormalities in
end stage renal disease. Nephro/ Dial Transplant
13 Suppl 1, 45-49.

Omaye S.T., Turnbull J.D. and Saubetlich H.E. (1979)
Selected methods for the determination of
ascorbic acid in animal cells, tissues, and fluids.
Methods Enzymol 62, 3-11.

Rovin B.H. and Tan L.C. (1993) LDL stimulates mesan-
gial fibronectin production and chemoattract-
ant expression. Kidney Int 43, 218-225.

Rutkowski P., Malgorzewicz S., Slominska E., Renke M.,



Chronic kidney disease among Ghanaian
Owiredu et al.,

Lysiak-Szydlowska W., Swierczynski J. and
Rutkowski B. (2006) Interrelationship between
uremic toxicity and oxidative stress. | Ren Nutr
16, 190-193.

Shah B., Nair S., Sirsat R.A., Ashavaid T.F. and Nair K.G.
(1994) Dyslipidemia in patients with chronic
renal failure and in renal transplant patients. |
Postgrad Med 40, 57-60.

Shlafer M. and Shepard B.M. (1984) A method to reduce
interference by sucrose in the detection of thio-
barbituric acid-reactive substances. Anal Biochem
137, 269-276.

Smith F.R. and Goodman D.S. (1976) Vitamin A
transport in human vitamin A toxicity. N Eng/ ]
Med 294, 805-808.

Taddei S., Virdis A., Ghiadoni L., Magagna A. and Salvetti
A. (1998) Vitamin C improves endothelium-
dependent vasodilation by restoring nitric oxide
activity in essential hypertension. Circulation 97,
2222-2229.

Takahara S., Hamilton H.B., Neel J.V., Kobara T.Y,,
Ogura Y. and Nishimura E.T. (1960) Hypocata-
lasemia: a new genetic carrier state. | Clin Invest
39, 610-619.

Trinder P. (1969) Determination of blood glucose using
an oxidase peroxidase system with a non- car-
cinogenic chromogen. . | Clin Patho!* 22, 158-
161.

37

Vaziri N.D. (2006) Dyslipidemia of chronic renal failure:
the nature, mechanisms, and potential conse-
quences. Awm | Physiol Renal Physiol 290, F262-
272.

Wanner C. (2000) Importance of hyperlipidaemia and
therapy in renal patients. Nephro/ Dial Transplant
15 Suppl 5, 92-96.

Wen C.P., Cheng T.Y., Tsai MK., Chang Y.C., Chan
H.T., Tsai S.P., Chiang P.H., Hsu C.C., Sung
P.K., Hsu Y.H. and Wen S.F. (2008) All-cause
mortality attributable to chronic kidney disease:
a prospective cohort study based on 462 293
adults in Taiwan. Lancet 371, 2173-2182.

Wheeler D.C. and Chana R.S. (1993) Interactions be-
tween lipoproteins, glomerular cells and matrix.
Miner Electrolyte Metab 19, 149-164.

Yilmaz M.I, Saglam M., Caglar K., Cakir E., Sonmez A,
Ozgurtas T., Aydin A., Eyileten T., Ozcan O.,
Acikel C., Tasar M., Genctoy G., Erbil K.,
Vural A. and Zoccali C. (2006) The determi-
nants of endothelial dysfunction in CKD: oxi-
dative stress and asymmetric dimethylarginine.
Am | Kidney Dis 47, 42-50.

Zaman Z., Fielden P. and Frost P.G. (1993) Simultane-
ous determination of vitamins A and E and
carotenoids in plasma by reversed-phase HPLC
in elderly and younger subjects. Clin Chem 39,
2229-2234.

ISSN 2026-6294

6629008




