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ORIGINAL ARTICLE
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Metabolic syndrome (MetS) is a general risk factor for cardiovascular and chronic kidney disease
(CKD) in Western populations. This study assessed the relationship between MetS and its components in Ghanaian patients presenting with CKD. The study population comprised of 146 nondialysed individuals with CKD with mean age of 50.2±1.1 years. Eighty (80) age and sex matched
healthy participants without kidney pathology were used as controls. Estimated GFR (eGFR) was
calculated using the 4-variable Modification of Diet in Renal Disease (4v-MDRD) and CKD was
defined as eGFR<60 ml/min/1.73m2. MetS was defined as the presence of three or more of the
following risk factors according to the National Cholesterol Education Program Adult Treatment
Panel III (NCEP-ATP III) criteria: elevated blood pressure (BP), low high density lipoprotein cholesterol (HDL-C), high triglycerides (TG), elevated plasma glucose and abdominal obesity. The
prevalence of MetS in this study was 30.1% and a significant relationship was observed between the
number of MetS components and the presence CKD. The CKD group are about 3 times at risk of
developing MetS as compared to the control group (95% CI=0.9-8.8). Female participants with
CKD are 9 fold at risk of developing MetS as compared to the male counterparts (95% CI=1.7-47.9).
The CKD patients were about 2 fold at risk of developing hypertension (95% CI=1.7-3.3) and diabetes (95% CI=1.2-2.6), about 3 times at risk of developing hypertriglyceridaemia (95% CI=1.1-5.5)
and approximately 4 times at risk of developing proteinuria (95% CI=2.7-7.0). Increased WC, TG
and SBP are components of the metabolic syndrome which contribute to the initiation and progression of CKD.
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opment of CKD may therefore be the best approach to preventing and/or delaying adverse outcomes (National Kidney Foundation, 2002).

INTRODUCTION
Chronic kidney disease (CKD) has become a global
public health concern due to its increasing prevalence (Coresh et al., 2003) and the associated increase in risk of end-stage kidney disease (ESKD),
cardiovascular disease (CVD) and untimely deaths
(Muntner et al., 2002; National Kidney Foundation,
2002). Identifying and treating risk factors for devel-

MetS, characterized by a clustering of abdominal
obesity, hypertriglyceridaemia, low high-density
lipoprotein cholesterol (HDL-C), elevated blood
pressure (BP), and high fasting blood glucose
(FBG), has been associated with an increased risk
for the development of diabetes and CVD as well
as an increased mortality from CVD and all causes
(Ford, 2005; Reynolds and He, 2005). The National
Cholesterol Education Program Adult Treatment
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Panel (NCEP-ATP III) criteria defines MetS as having at least three of the following: abdominal obesity; high triglyceride levels; low high-density lipoprotein (HDL) cholesterol; hyperglycaemia; and hypertension (NCEP, 2001).

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 Medical Sciences and the Komfo Anokye
Teaching Hospital Committee on Human Research, Publication and Ethics (SMS/KATH/
CHRPE).

MetS is important for several reasons: (a) it is one of
the causes of CKD (Kambham et al., 2001), (b) it
can be treated at lower cost if detected early and (c)
it is a predictor of CVD (Iseki et al., 2004). A few
epidemiological studies among the global adult population especially in the United States of America
have reported that MetS is associated with CKD
and microalbuminuria (Chen et al., 2004; Kurella et
al., 2005). Growing economic development over the
years has led to changes in lifestyle and diet, and
consequently an increased prevalence of obesity in
Ghana. Thus, MetS with its association to obesity is
expected to be even more prevalent now and in the
future. However, there is paucity of data on the relationship between MetS and CKD. The aim of the
present study therefore was to establish the relationship between MetS and CKD in the Ghanaian population.

Sample collection
Venous blood samples were collected after an overnight fast (12–14 hours), between 7 am and 10 am.
About 5 ml of venous blood was collected out of
which three 3 ml was dispensed into vacutainer®
plain tubes and 2 ml into fluoride oxalate tubes.
After centrifugation at 500 g for 15 min, the serum
and plasma were 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; fasting blood glucose
(FBG), serum creatinine (CRT), total cholesterol
(TC), triglycerides (TG) and high density lipoprotein cholesterol (HDL-C). Serum low density lipoprotein cholesterol (LDL-C) was calculated using
the Frederickson-Friedewald‟s formula (Friedewald
et al., 1972). The methods adopted by the automated instrument for the estimation of the above parameters was according to the instructions provided by the reagent manufacturer-JASTM diagnostics,
Inc. (JAS Diagnostics, Inc. Miami Florida, USA).
TC determination was according to the method
described by Trinder (Trinder, 1969). TG determination employed a modified Trinder method
(Trinder, 1969; Barham and Trinder, 1972). LDL-C
determination: LDL-C (mmol/l) was calculated
according to Friedwald‟s formula in accordance
with the manufacturer‟s instructions i.e. LDLC=TC
- TG⁄2-HDLC.

MATERIALS AND METHODS
Study area and subjects
This study was carried out at the Komfo Anokye
Teaching Hospital (KATH), Kumasi and the Tamale Teaching Hospital (TTH) between August 2007
and September 2009. One hundred and forty six
(146) patients comprising eighty (80) females and
sixty-six (66) males within the age range of 20-80
years were recruited into the study after the objectives of the study had been clearly explained to them
in English and/or the local dialect. Patients with
clinically diagnosed CKD who were yet to commence dialysis were randomly selected for the studies with patients on any form of dialysis being 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 aetiology, 33(22.6%) patients. Eighty (80)

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

ment panel III (NCEP ATP III) to include individuals with three or more of the following five components: (1) abdominal obesity- (waist circumference > 102 cm for men, or > 88 cm for women);
(2) high TG ≥ 1.7 mmol/L (150 mg/dl); (3) low
HDL-C : men < 0.9 mmol/L (< 40 mg/dl) or
women < 1.0 mmol/L (< 50 mg/dl); and (4) High
BP (systolic BP ≥ 130 mmHg or diastolic BP ≥ 85
mmHg or treatment of hypertension); and (5) high
fasting glucose ≥ 6.1 mmol/l (NCEP, 2001).

Anthropometric variables
Anthropometric measurements included height to
the nearest 0.5 cm without shoes and weight to nearest 0.1 kg in light clothing. Subjects were weighed on
a bathroom scale (Zhongshan Camry Electronic Co.
Ltd, Guangdong, China) and their height measured
with a wall-mounted ruler. Body mass index (BMI)
was calculated by dividing weight (kg) by height
squared (m2). Waist circumference (WC) (to the
nearest centimetre) was measured with a Gulick II
spring-loaded measuring tape (Gay Mills, WI) midway between the inferior angle of the ribs and the
suprailiac crest. Blood pressure was measured by
trained personnel using a mercury sphygmomanometer and a stethoscope. Measurements were taken
from the left upper arm after subjects had been sitting for >5 minute in accordance with the recommendations of the American Heart Association
(Kirkendall et al., 1967). Duplicate measurements
were taken with a 5 minute rest 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 χ2 was used to compare
discontinuous variables. A level of p<0.05 was considered as statistically significant. MetS (or its components) and other known risk factors for CKD
were included in the model. Odds ratio (OR) (with
95% CI) of CKD by the number of metabolic risk
factors were calculated. GraphPad Prism version
5.00 for windows was used for statistical analysis
(GraphPad software, San Diego California USA,
www.graphpad.com).
RESULTS
General characteristics of the study population
Table 1 represents the general characteristics of the
study population. Participants with CKD had significantly higher levels of urine protein, serum creatinine and lower levels of estimated GFR as compared to the control subjects; however there was no
significant difference between the ages of the cases
and controls. The mean values of most components of the metabolic syndrome were significantly
higher when the CKD group were compared to the
control group i.e. the CKD group had significantly
higher WC, had higher blood pressure [systolic
blood pressure (SBP) and diastolic blood pressure
(DBP)], higher fasting blood glucose (FBG) and
had higher lipid levels (i.e. TG and TC) than the
control group (Table 1). When CKD patients were
stratified according to the presence or absence of
the MetS, those with MetS were significantly older,
had higher SBP, and higher levels of TG compared
to those without MetS. The mean value of HDL-C
was significantly lower among those with MetS

Estimation of GFR
The 4-variable Modification of Diet in Renal Disease
(4v-MDRD) equation was used to estimate the GFR
of both participants with CKD and controls using
serum CRT. This equation has been found to be the
most accurate among the renal function equations in
CKD applicable to Ghanaians (Owiredu et al.,
2008). The eGFR result from the equations was used
to stratify the study population into five categories
corresponding with the five stages of CKD in the
Kidney Disease Outcome Quality Initiative (K/
DOQI) classification (NKF/KDOQI™, 2002).
The staging classified GFR ≥ 90 ml/min/1.73 m2 as
stage 1; 60-89 ml/min/1.73 m2 as stage 2; 30-59 ml/
min/1.73 m2 as stage 3; 15-29 ml/min/1.73 m2 as
stage 4; and < 15 ml/min/1.73 m2 as stage 5.
Definitions
CKD defined as eGFR<60 ml/min/1.73m2.
MetS was defined according to the criteria of the
National cholesterol education program, adult treat3
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50.2 ± 1.1
24.4 ± 0.4
85.0 ± 1.4*
140.4 ± 3.8***
90.3 ± 2.6***
1.2 ± 0.2***
268.0 ± 25.6***
8.7 ± 0.3***
1.6 ± 0.2
1.8 ± 0.1*
5.3 ± 0.3*

46.3 ± 1.9
24.6 ± 0.8
74.1 ± 1.7
120.7 ± 1.8
70.4 ± 1.2
0.04 ± 0.02
105.9 ± 3.9
5.3 ± 0.2
1.3 ± 0.05
1.5 ± 0.1
4.5 ± 0.1
92.4 ± 5.7
3 (3.75%)

Parameters

Age (yrs)

BMI (kg/m2)

WC (cm)

SBP (mmHg)

DBP (mmHg)

PRT (g/l)

CRT (µmol/l)

FBG (mmol/l)

HDL-C (mmol/l)

TG (mmol/l)

TC (mmol/l)

eGFR (ml/min/1.73 m2)

Prevalence of MetS

99.7 ± 13.4

5.6 ± 0.2

2.7 ± 0.1

1.1 ± 0.1

7.8 ± 0.5

371.2 ± 82.6

0.7 ± 0.2

98.2 ± 2.7

154.5 ± 4.3

89.4 ± 3.1

27.6 ± 1.3

61.0 ± 2.6

MetS+CKD
(n=44)

MetS-CKD
(n=102)

89.3 ± 6.9

5.3 ± 0.2

1.9 ± 0.1†

1.4 ± 0.1††

6.9 ± 0.3

353.9 ± 47.5

1.1 ± 0.2

87.3 ± 1.7†

135.6 ± 2.4†

82.3 ± 1.6†

24.8 ± 0.5†

44.0 ± 1.6††

MetS

29(36.2%)

50.2 ± 4.1

5.4 ± 0.4

1.8 ± 0.2

1.4 ± 0.1

6.8 ± 0.5

221.8 ± 25.0

1.2 ± 0.4

93.4 ± 2.5

144.7 ± 3.5

84.6 ± 2.2

26.2 ± 0.9

46.2 ± 2.3

15 (22.7%)

66.8 ± 7.6§

5.3 ± 0.4

2.2 ± 0.3

1.3 ± 0.1

7.2 ± 0.6

325.3 ± 47.4

1.2 ± 0.3

87.7 ± 1.8

136.5 ± 2.8

84.0 ± 1.9

24.3 ± 0.6

48.1 ± 1.7

Gender
CKD-Female
CKD-Male
(n=80)
(n=66)

BMI = Body mass index, WC= Waist circumference, SBP = Systolic blood pressure, DBP = Diastolic blood pressure, PRT = Proteinuria, CRT = Creatinine, TC = Cholesterol, HDL-C = High density lipoprotein, TG = Triglyceride, FBG = Fasting blood glucose, eGFR = estimated glomerular filtration rate, MetS = Metabolic syndrome. *p<0.05, **p<0.01, ***p<0.001; †p<0.05, ††p<0.01;
§p<0.05 when the groups were compared.

44 (30.1%)

57.6 ± 4.1***

CKD
(n=146)

Control
(n=80)

Table 1: General characteristics of study population with and without metabolic syndrome
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HDL-C = High density lipoprotein cholesterol, CKD = Chronic kidney disease, OR = Odds ratio, CI = Confidence interval, BP = Blood
pressure, FG = Fasting glucose, TG = triglyceride, CKD+MetS=CKD patients with metabolic syndrome, CKD-MetS=CKD patients without metabolic syndrome and ns=not significant *p<0.05, **p<0.01, ***p<0.001.

64/80(80.0%)
40/66(60.6%)
0.4(0.2-0.8)*
16/80(20.0%)
16/66(24.2%)
1.6(0.7-3.5)
28/80(35.0%)
8/66(12.1%)
0.2(0.1-0.6)**
52/80(65.0%)
45/66(68.2%)
1.1(0.6-2.3)ns
25/80(31.2%)
20/66(30.3%)
0.9(0.5-1.9)ns
CKD+Female (n=80)
CKD-Male (n=66)
OR(95% CI)

Stratified by gender

45/80(56.2%)
34/66(51.5%)
0.8(0.4-1.6)

40/113(35.3%)
30/33(90.9%)
18.2(5.2-63.6)***
17/113(15.0%)
18/33(54.5%)
6.8(2.8-16.0)***
43/113(38.0%)
21/33(63.6%)
2.8(1.2-6.4)*
31/113(27.4%)
24/33(72.8%)
7.0(2.9-16.8)***

Stratified based on metabolic syndrome

30/113(26.5%)
12/33(36.3%)
1.6(0.7-3.6)

Reduced HDL-C
4/80(5.0%)
28/146(19.2%)
4.5(1.5-13.4)**
Raised TG
22/80(27.5%)
69/146(47.2%)
2.3(1.3-4.2)**
Obesity
13/80(16.2%)
36/146(24.6%)
1.7(0.8-3.4)ns

CKD-MetS (n=102)
CKD+MetS (n=44)
OR(95% CI)

Comparison between patients with increasing
number of comorbidities
The comparison between patients with increasing
comorbidities is shown in Figure 1. Comorbidity was
defined as the presence of one or more risk factors
of MetS. Participants with greater number of comorbidities (≥3) also had higher WC (F3,46 = 2.878; p
=0.046), BMI (F3,46 = 4.112; p=0.010) and SBP levels (F3,43 =2.546; p=0.048). For those having zero,
one or two comorbidities, the WC levels were
68.1±4.7 m, 86.4±2.5 m and 86.6±5.3 m respectively. The BMI levels were 19.2±1.0 kgm-2, 27.3±1.2

Raised FG
14/80(17.5%)
97/146(66.4%)
9.3(4.7-18.2)***

When the CKD patients were stratified based on the
presence or absence of metabolic syndrome, those
with MetS were about 7 times at risk of developing
hypertension (95% CI = 2.9-16.8), obesity (95% CI
= 2.8-16.0) and proteinuria (95% CI = 3.0-16.4) and
3 times at risk of developing diabetes (95% CI = 1.26.4) (Table 2). Furthermore, the risk of developing
hypertriglyceridaemia is several folds among those
with MetS compared to those without MetS (OR =
18.2; 95% CI = 5.2-63.6). The risk of developing
obesity (OR = 0.2; 95% CI = 0.1-0.6) and proteinuria (OR = 0.4; CI = 0.2-0.8) is less pronounced
in the males compared to the females (Table 2).

Raised BP
4/80(5.5%)
45/146(30.8%)
8.9(3.1- 25.1)***

Table 2: Odds Ratios of MetS risk factors in CKD stratified by presence/absence of MetS or gender

Relative risk of developing MetS risk factors
Table 2 represents the odds ratios of MetS risk factors in CKD stratified by the presence or absence of
MetS and gender. When compared with the control
subjects, the CKD patients were about 9 fold at risk
of developing hypertension (95% CI = 3.1- 25.1)
and diabetes (95% CI = 4.7-18.2), about 2 times at
risk of developing hypertriglyceridaemia (95% CI =
1.3-4.2) and approximately 4 times at risk of developing low HDL (95% CI= 1.5-13.4). The risk of
developing proteinuria is several folds in the CKD
patients compared to the controls (OR=409; 95% CI
= 24.7-6759).

Variables
Control (n=80)
CKD (n=146)
OR(95% CI)

compared to those without MetS. Furthermore,
when the CKD patients were classified by gender,
the female subjects had significantly lower estimated
GFR compared to the control group. The risk of
developing MetS is similar among both sexes (Table
1).

28/113(24.8%)
23/33(69.7%)
7.0(3.0-16.4)***

Proteinuria
0/80(0.0%)
105/146(72.0%)
409(24.7-6759)***
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kgm-2, 25.3±1.6 kgm-2 for those with zero, one or
two comorbidities respectively. The SBP levels for
those with zero, one, two comorbidities were
124.0±4.0 mmHg, 131.4±5.7 mmHg and 143.4±7.7
mmHg respectively. However, DBP showed no significant difference (p=0.128).

For those having zero, one, two or at least three or
more comorbidities, the eGFR levels were
108.3±28.4 ml/min/ 1.73 m2, 87.5±20.6 ml/
min/1.73 m2, 86.4±17.7 ml/min/1.73 m2 and
99.7±24.2 ml/min/1.73 m2 respectively. The serum
CRT levels were 216.6±8.1 µmolL-1, 311.6±103.7
µmolL-1, 485.8±159.9 µmolL-1 and 263.3±122.3
µmolL-1 for those with zero, one, two and at least
three or more comorbidities respectively.

From figure 2, serum creatinine (CRT) (F3,44 =
0.7791; p = 0.512) and eGFR (F3,42 = 0.1953; p =
0.899) showed no significant difference for trend.

Figure 1: Comparisons of BMI, DBP, SBP and WC between participants with a different number of
comorbidities of the MetS in CKD. The lower and upper margins of the box represent the 25th and
75th percentiles, with the extended arms representing the 10th and 90th percentiles, respectively.
The median is shown as the horizontal line within the box. Outlying points are shown individually.
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Risk factors of developing MetS among the
various CKD group
Table 3 represents the odds ratios of MetS risk factors at various stages of CKD. When participants
with CKD were classified into the various stages,
the risk of developing hypertension decreased from
about 10 times in stage 1 to about 7 times in stage 2
before increasing to about 9 times for stage 3, decreased to 6 times in stage 4 and increased to
about 14 times in stage 5. The risk of having hyperglycaemia also increased from stage 1 to stage 3,
and then decreased in stage 4 and 5, whereas the
risk of developing obesity remained fairly stable
throughout the various stages (1-5). The risk of
developing low HDL-C decreased from stage 1 to
stage 2 before increasing in stage 3, with a further
decrease in stage 4, and finally increasing again at
stage 5. The risks of developing hypertriglyceridaemia slightly increased progressively reaching the
highest value at stage 5. MetS risk increased and
reached a peak at stage 3, and decreased at stage 4
before finally increasing again at stage 5. The risk of
developing proteinuria from this study fluctuated
through the stages reaching a value greater than the
initial value at stage 5 (Table 3).

Figure 2: Comparisons of eGFR and serum Creatinine between participants with different
number of comorbidities of MetS in CKD. The
lower and upper margins of the box represent
the 25th and 75th percentiles, with the extended
arms representing the 10th and 90th percentiles,
respectively. The median is shown as the horizontal line within the box. Outlying points are
shown individually.

DISCUSSION
This randomized case-controlled study sought to
determine the prevalence of MetS and the relationship between the components of MetS and CKD in
a Ghanaian population presenting with various
stages of CKD. This study indicated the prevalence
of MetS as defined by the NCEP ATP III criteria
to be 30.1% of the participants. This finding is consistent with studies done in Australia (31%), Thailand (30.1%) and 34.1% in over 40 year olds in
China but slightly lower than what was reported in
Bangladesh (37%) (Johnson et al., 2007; Zhang et
al., 2007; Satirapoj et al., 2011; Nath et al., 2012).
This could be attributed to differences in the selection of participants, the MetS definition used and
also the fact that MetS is an independent factor for
CKD development. The current study also observed a high prevalence of MetS in female CKD
participants compared to male CKD participants.
This is consistent with observations made in numerous studies including the Virgem das Graças

Many of the participants had multiple comorbidities;
and those with a greater number of comorbidities
also had higher TG (F3,45 = 3.593; p = 0.027) and
lower HDL-C (F3,46 = 5.573; p = 0.002). However,
FBG (F3,44= 1.533; p = 0.219) and TC (F3,46 = 0.403;
p = 0.751) showed no significant difference for
trend. The TG levels were 1.2±0.5 mmolL-1, 1.4±0.2
mmolL-1, 2.4±0.4 mmolL-1 or 2.7±0.3 mmolL-1 for
those with zero, one, two, and at least three or more
comorbidities respectively. The low HDL-C levels
for those with zero, one, two or and least three or
more comorbidities were 1.6±0.3 mmolL-1, 1.8±0.2
mmolL-1, 1.1±0.1 mmolL-1 or 1.0±0.1 mmolL-1 respectively (Figure 3).
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Figure 3: Comparisons of FBG, TG, TC and HDL-C between participants with different number of
comorbidities of MetS in CKD. The lower and upper margins of the box represent the 25th and 75th
percentiles, with the extended arms representing the 10th and 90th percentiles, respectively. The
median is shown as the horizontal line within the box. Outlying points are shown individually.
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Stage 1=eGFR ≥90 mL/min/1.73m2; stage 2 = eGFR 60-89 mL/min/1.73m2; stage 3 = eGFR 30-59 mL/min/1.73m2; stage 4 =eGFR 16-29
mL/min/1.73m2; stage 5 = eGFR<15 mL/min/1.73m2 TG=triglycerides; TC=total cholesterol; HDL=high density lipoprotein;
FGB=fasting blood glucose; OR=odds ratio.

12.8(3.0-53.7)
8(33.3%)
4.8(1.0-23.5)
13(37.1%)
6(25.0%)

MetS

8.5(1.9-37.5)

15.1(3.9-58.0)

13(35.1%)

14.0(3.6-52.9)

4(16.0%)

69(3.7-1266)
7(29.1%)
109(6.0-1961)
12(48.0%)
5(20.8%)

Proteinuria

45.0(2.4-857)

149(8.3-2671)

12(32.4%)

79(4.5-1381)

10(40%)

7.8(2.0-29.8)
7(29.1%)
4.7(1.2-19.3)
5(14.3%)
4(16.7%)

Low HDL

3.8(0.8-16.5)

1.9(0.8-12.6)

11(29.7%)

8.0(2.3-27.4)

5(20.0%)

3.1(1.2-8.0)
13(54.1%)
1.7(0.7-4.5)
18(51.4%)
10(41.6%)

TG

1.8(0.7-4.8)

2.8(1.2-6.4)

18(48.6%)

2.5(1.1-5.6)

10(40.0%)

1.0(0.3-3.5)
4(16.7%)
3.4(1.2-9.3)
8(22.8%)
5(20.8%)

Obesity

1.3(0.4-4.3)

1.5(0.5-4.1)

9(24.3%)

1.6(0.6-4.3)

10(40.0%)

4.7(1.7-12.6)
12(50.0%)
12.1(4.2-34.5)
26(74.3%)
13(54.1%)

FGB

5.5(2.1-15.0)

13.6(5.2-35.3)

28(75.6%)

14.6(5.7-37.8)

18(72.0%)

13.6(3.7-49.4)
10(41.6%)
6.0(1.5-23.4)
9(25.7%)
8(33.3%)

Hypertension

9.5(2.5-35.4)

6.6(1.8-23.2)

12(32.4%)

9.1(2.7-30.8)

6(24.0%)

OR (95%
CI)
OR (95%
CI)
Stage 3
(n=37)
OR (95%
CI)
Stage 2
(n=35)
OR (95%
CI)
Stage 1
(n=24)
Parameter

Table 3: Odds ratios of MetS risk factors at various stages of CKD

OR (95%
CI)

Stage 4
(n=25)

Stage 5
(n=24)
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community study (Dallongeville et al., 2004) and
that of Nath et al., (2012) who reported prevalence
rates of 32.35 and 42.5% for males and females respectively in a cross-sectional study involving 300
CKD patients in Bangladesh.
High TG and low HDL cholesterol have been identified as independent risk factors for initiation and
progression of CKD (Fried et al., 2001). However,
in this study increased TG but not low HDL-C was
predictive of CKD development as observed in
earlier studies by Luk et al., (2008). The processes
underlying the role of lipids in the initiation of renal
injury have not been fully elucidated.
In the current study, obesity was defined using the
NCEP ATP III criteria for diagnosis of MetS and
measured WC to determine abdominal obesity. Participants with MetS and CKD also had significantly
higher WC a finding consistent with observations
made in other studies (Kwan et al., 2007; Chou et al.,
2008). The strong association between MetS and
renal damage can be explained in the light of the
role played by obesity related glomerulopathy. Even
though the mechanism by which waist circumference increase the risk of CKD has not been well
explained, it has been linked with the production of
inflammatory cytokines like leptin, interlukin-6 (IL6) tumour necrotic factor-alpha (TNF-alpha) and
adiponectin (Satirapoj and Supasyndh, 2007). These
cytokines, mostly produced by the adipose tissue,
play a role in kidney damage in patients with MetS
by activating sympathetic nervous activity, aggravating renal haemodynamics, in addition to increasing
inflammatory and oxidative states (Iseki, 2008).
High systolic blood pressure is prevalent in CKD as
observed among the CKD subjects with MetS in
this study. High systolic blood pressure is a determinant of CKD progression and should therefore be
the focus of control of antihypertensive therapy
(Young et al., 2002). The association of CKD with
isolated systolic hypertension (and wide pulse pressure) may be explained by increased vascular stiffness. Wide pulse pressure appears to be a marker of
vascular stiffness and cardiovascular calcification, a
predictor of cardiovascular risk in the elderly (Bielak
9
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et al., 2004) and it is associated with increased mortality in patients with renal disease (Klassen et al.,
2002).
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