
Introduction:
Chronic kidney disease is defined as structural or
functional abnormalities of kidneys with or without
reduction of glomerular filtration rate persisting for three
months or above, manifested by either pathological or
kidney function abnormality markers observed in urine,
blood or imaging.1

Cardiovascular disease (CVD) is common in patients with
chronic kidney disease regardless of the stage of renal
impairment.2,3 Whether the patients have moderately
reduced kidney function, are undergoing dialysis, or have
received a transplant, the prevalence and incidence of CVD
are much higher in this group than in a sex- and age-
matched control population. Cardiovascular disease
(CVD) is the leading cause of death in patients with

Chronic Kidney Disease (CKD) regardless of stages4.
Cardiovascular disease (CVD) is the most common cause
of death in patients who have end-stage renal disease and
is 10 to 100 times more common in patients with kidney
disease than in those of the same age and sex without
kidney disease. Forty percent to 50% of all deaths in End-
Stage Renal Disease (ESRD) patients are of cardiovascular
origin.5 Cardiovascular causes also account for the
majority of deaths among patients with predialysis kidney
disease.1,6 A Canadian cohort study showed that 40% of
patients starting dialysis already had evidence of Coronary
Heart Disease (CHD), and only 16% had normal
echocardiographic studies.7

Different studies in chronic kidney disease have shed light
on the striking incidence of cardiovascular disease co-
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Abstract:
Background. Chronic Kidney Disease is a major public health and clinical problem throughout the world
including Bangladesh. The prevalence of cardiovascular complications is much higher in patients with
CKD regardless of stages than normal population. Considering this view, a cross sectional study was conducted
in the Department of Nephrology, Bangabandhu Sheikh Mujib Medical University (BSMMU), Dhaka, with
an aim to assessing the cardiovascular complications & associated risk factors among the patients with
chronic kidney disease (CKD) stage III-V before dialysis.

Methods. A total of 109 patients were selected consecutively who had a diagnosis of CKD and an estimated
GFR of less than 60 ml/min/1.73m2 of stages III to V and who had not received any form of renal replacement
therapy, during a period of June 2006 to July 2007.

Results.The study included 63 males and 46 females with age ranging from 18 to 65 years having a mean
age 45.5±12.2 years. Left ventricular failure, left ventricular hypertrophy (by ECG and echocardiography),
cardiomegally by X-ray were identified as significant cardiovascular complications among the patients of
CKD stage V (p<0.05). However , logistic regression analysis revealed that hypertension and CKD stages
appeared to be the important predictors of cardiovascular complications p<0.05).  Data analysis found that
hypertension, smoking and anemia appeared to be important risk factors for cardiovascular complications
in CKD patients (p<0.05) by bi-variate analysis.

Conclusion. Though the study findings did not generalize the CKD patients in Bangladesh due to small
sample size, however, heart failure and left ventricular hypertrophy significantly appeared to be the main
cardiovascular complications in CKD stage V compared to other two stages (stage III and IV)(p<0.05).
Anemia, hypertension were identified as important risk factors (p<0.05).



morbidity that is characteristic of all stages of this illness.8
The patients with CKD are faced with 3 distinct types of
CVD, all of which are likely to lead to poor outcomes.9

These include left ventricular hypertrophy with both
eccentric and concentric variants, atherosclerosis, and
arteriosclerosis. Eccentric LVH is characterized by an
increase in wall thickness that is in proportion to the
increase in LV diameter and results from volume overload
due to fluid retention, anaemia or an A-V fistula.
Concentric LVH occurs when the thickness of the LV is
greater than the changes in the LV diameter and is
attributable to hypertension typical of CKD and related
aortic vessel stiffening. Atherosclerosis is the key element
to occlusive vascular disease and ischaemic heart disease.
Atherosclerosis leads to luminal narrowing of both large
and coronary arteries, both of which contribute to the
increased incidence of myocardial infarction observed in
this population.

Cardiovascular mortality, left ventricular hypertrophy,
congestive heart failure, and new coronary events are
excessive in patients with kidney disease, regardless of
patient age.2,10,11,12 In patients who have CKD but have
not yet undergone dialysis, the prevalence of left ventricular
hypertrophy increases with declining kidney function. As a
consequence congestive heart failure and angina occur in
conjunction with worsening hypertrophy.13

Hypertension is a common problem in CKD patients, and
evidence strongly supports an association between
hypertension and the occurrence of cardiovascular
complications in this population.14,15 Identification and
treatment of hypertension is important in CKD patients in
order to slow the decline of renal function. As a matter of
fact good blood pressure control will slow the progression
of all types of kidney disease. The severity of CKD and
resultant proteinuria confirms increased risk of CVD
mortality.16,17,18 The blood pressure target in patients with
CKD not undergoing dialysis is less than 130/80 mm Hg19.
In patients with proteinuria greater than 1 gm/24 hrs, blood
pressure should be reduced to less than 125/75 mm Hg.19

This target level has been shown to reduce the rate of
decline in kidney function and may also reduce
cardiovascular complications. In stages 3 and 4 CKD (i.e.
pre-ESRD), antihypertensive therapy improves left
ventricular hypertrophy (LVH).20

A large proportion of patients with CKD have diabetes.
Diabetes is a significant risk factor for cardiovascular
disease, and this risk is even higher in diabetic patients
with renal complications. Diabetes control has been shown
to reduce macrovascular and microvascular disease,

according to the findings of the Diabetes Control and
Complications Trial21 and the United Kingdom
Prospective Diabetes Study (UKPDS).22 Since almost
40% of patients starting dialysis have diabetes and the
burden of illness is high in this group, blood glucose
control is of paramount importance in reducing CVD risk
in patients with CKD. It is reasonable to attempt to achieve
tight glycemic control (i.e.glycosylated hemoglobin
concentration of 7%) in CKD patients with diabetes.

The prevalence of hyperlipidaemia is higher in patients
with CKD than in general population but varies depending
on the specific lipid measured, target population, course
of renal disease, and level of renal function. Total and
Low Density Lipoprotein (LDL) cholesterol levels are
increased most often in patients with chronic renal
insufficiency and nephrotic syndrome, in patients treated
by peritoneal dialysis and in renal transplant recipients.23

Lipid-lowering agents are effective in reducing the elevated
cholesterol and triglycerides levels often present in patients
in kidney and heart disease. Study data support that
dyslipidaemia is a contributing factor in kidney function
decline, and some epidemiologic data suggest that
dyslipidaemia may be a risk factor for kidney disease.24

Anaemia is associated with CVD in all patients with kidney
disease. A growing body of evidence supports the role of
anaemia as a correlate of left ventricular hypertrophy, and
therefore, a cardiac risk factor in CKD patients beginning
at the early stages of renal disease.25,13 One of the
associations is that increase in left ventricular hypertrophy
and congestive heart failure occur at lower levels of
hemoglobin.26,27 In a Canadian cohort of predialysis
patients with renal insufficiency, a 0.5 g/dL decrease in
hemoglobin level was associated with a 32% increase in
the risk of left ventricular hypertrophy.13 Regression of
left ventricular hypertrophy is achievable with correction
of anaemia. Data published in 2000 suggest that treatment
of anaemia may reduce hospitalizations caused by heart
disease, especially congestive heart failure.28

Previous studies have demonstrated that smoking further
aggravates the excessive cardiovascular risk in patients
with impaired renal function.29 In a study, it has been found
that ESRD patients in the United States, smokers had a 22%
greater risk of developing coronary artery disease.30

Early intervention is needed to minimize the burden of
cardiovascular disease in CKD patients. Risk reduction
strategies are likely to be effective in reducing
cardiovascular morbidity and mortality in CKD patients
in the same way as these interventions improve outcomes
in the general population.
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Risk Factors for Cardiovascular Disease in CKD
Two types of risk factors have been defined in patients
with CKD.9 Traditional risk factors, described primarily
in the Framingham population include among others,
hypertension, diabetes, hyperlipidaemia, smoking, male
sex and LVH. Although the patients with CKD have high
prevalence of many of these traditional risk factors, they
are also exposed to non-traditional or uraemia related risk
factors that increase in prevalence as kidney function
declines.

Table-I
Risk factors for cardiovascular complications

in patients with CKD9

Traditional risk factors Non-traditional or uraemia
related risk factors

Diabetes mellitus Anaemia
Hypertension Hyperhomocysteinaemia
Dyslipidaemia Abnormal mineral metabolism
Smoking Hyperparathyroidism
Physical inactivity Oxidative stress
Advanced age Malnutrition
Male Sex Inflammation
Menopause Thrombogenic factors
Family history of CVD
LVH

Both traditional and non-traditional risk factors are
associated with CVD in CKD patients; diabetes,
hypertension, age, gender and dyslipidaemia are known
to contribute to atherosclerotic processes. Moreover, in
CKD patients, non-traditional risk factors such as anaemia,
abnormal mineral metabolism, hyperparathyroidsm,
hyperhomocysteinaemia and increase in pro-inflammatory
cytokines have been linked with CVD.

Materials and Methods:
Study setting

This was a cross-sectional study to find out the
cardiovascular complications in patients with chronic
kidney disease of stage III-V before dialysis conducted in
the Department of Nephrology, Bangabandhu Sheikh
Mujib Medical University (BSMMU), Dhaka from June
2006 to July 2007. All patients gave their informed written
consent to participation. Study population were the patients
of chronic kidney disease of stages III to V who were
admitted to BSMMU in the Department of Nephrology,
and had not received any form of renal replacement
therapy. Included patients were between 18 and 65 years

of age. Patients suffering from congenital or valvular heart
disease and cirrhosis of liver were excluded from the study.

Laboratory Tests
• 5 cc of blood was collected from each patient and was

sent for biochemical analysis
• Urine was collected in test tube and was also sent for

analysis

In all patients, the following tests were performed:
• Urine for routine and microscopic examination

• Haemoglobin

• Blood urea & S. Creatinine

• Blood Sugar- FBS or BS 2 hours after breakfast

• S. Lipid Profile- fasting

• X-ray chest P/A view

• Ultrasonography of Kidney, Ureter and Bladder (KUB)

• Standard 12-lead electrocardiography

• Echocardiogram (M-Mode 2-D)

Chronic Kidney Disease: The National Kidney Foundation
(NKF) defines chronic kidney disease as a kidney damage
or a glomerular filtration rate (GFR) of less than 60 ml
per minute per 1.73 m2 body surface area for three months
or more [31]. The most commonly used formulas for
estimating GFR in patients with stable chronic kidney
disease are the Cockcroft-Gault Equation and the
Modification of Diet in Renal Disease (MDRD) equation.

Equations for predicting GFR in patients with stable
chronic kidney disease

COCKCROFT-GAULT EQUATION:

(140-age in years) X Wt in KG
Ccr (ml per minute) = X (0.85 if female)

72 X Scr in mg

Abbreviated MDRD (Modification of Diet in Renal
Disease) study equation:

GFR (ml/minute/1.73m2) = 186X(Scr)-
1.154 X (Age)-0.203

X (0.742 if female) X (1.210 if black)

GFR = Glomerular Filtration rate, MDRD = Modification
of Diet in Renal Disease.   Scr = Serum creatinine
concentration. Ccr = creatinine clearance32,33,34.

The NKF Kidney Disease Outcome Quality Initiative (K/
DOQI) stratifies chronic kidney disease into five stages
based on the GFR and metabolic consequences.
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Results:
This was a cross sectional study conducted in the
Department of Nephrology, Bangabandhu Sheikh Mujib
Medical University (BSMMU), Dhaka. A total of 109
patients were studied with a view to assessing the
cardiovascular complications among the patients with
chronic kidney disease (CKD) in stage III-V before
dialysis.

Based on Estimated Glomerular Filtration Rate (eGFR)
all the patients weredivided into three groups such as Stage

III: 30-59 ml/min, Stage IV: 15-29 ml/min and Stage V:
<15 ml/min

Baseline demographic characteristics of the patients are
shown in Table 3

The mean age of the stage III, IV and V patients was
44.7±9.7 years, 48.4±11.4 years and 44.0±13.4 years
respectively. Data analysis revealed that no statistically
significant (p>0.05) mean difference in age was found
among the three stages of patients. Data indicated that the
proportion of male patients were found to be high among
the stage V (66.7) compared to stage III (60%) and stage
IV (42.9%) patients, but the difference was not statistically
significant (p>0.05). Similarly, no statistically significant
difference was found among the three groups of patients
in terms of their occupation and marital status (p>0.05).
Majority of the patients were married (92.7%) and the
rest were unmarried (7.3%).

Different types of cardiovascular complications in three
stages of CKD are shown in Table 4.

Table-II
Stages of Chronic Kidney Disease (NKF 2002)

Stage description GFR (ml/minutes/1.73 m2 Metabolic consequences
1. Kidney damage (early) 90 or higher
with normal or elevated
GFR

2. Kidney damage with 60-89 Parathyroid hormone begins
mildly decreased GFR to rise (GFR 60-80)
(early renal insufficiency)

3. Moderately decreased 30-59 Calcium absorption
GFR (Moderate kidney decreases (GFR below 50).
failure) There is onset of left

ventricular hypertrophy
and/or anaemia
(erythroproietin deficiency)
Lipoprotein activity declines
Malnutrition develops

4. Severely decreased GFR 15-29 Triglyceride concentration
(pre-endstage kidney begins to rise.
disease) Hyperphosphataemia or

metabolic acidosis develops

5. Kidney failure (end-stage kidney disease) <15 (or dialysis) Azotaemia develops

Fig.-1: Percentage distribution of stages of CKD (n=109)

University Heart Journal  Vol. 9, No. 1, January 2013

28



Table-III
Socio-demographic characteristics of the patients in the three stages of CKD

Variables CKD Stages                Total (n=109) p value
Stage III: 30- Stage IV: 15-  Stage V: <15

59 ml/min 29 ml/min ml/min
(n=20) (n=35) (n=54)

No. % No. % No. % No. %
Age in years
<45 10 50.0 11 31.4 25 46.3 46 42.2
³45 10 50.0 24 68.6 29 53.7 63 57.8
*Mean ± SD 44.7±9.7 48.4±11.4 44.0±13.4 45.5±12.2 0.244NS

(27-60) (20-65) (18-64) (18-65)
Sex
Male 12 60.0 15 42.9 36 66.7 63 57.8 0.083NS

Female 8 40.0 20 57.1 18 33.3 46 42.2
Occupation
Service 8 40.0 8 22.9 22 40.7 38 34.9 0.362NS

Housewife 7 35.0 17 48.6 16 29.6 40 36.7
Other 5 25.0 10 28.6 16 29.6 31 28.4
Marital status
Married 19 95.0 33 94.3 49 90.7 101 92.7 0.745NS

Unmarried 1 5.0 2 5.7 5 9.3 8 7.3
*p value reached from one way analysis of variance (ANOVA)
Others p value reached from Chi square test
NS=Not significant (p>0.05)

Table-IV
Relationship between three stages of CKD and different cardiovascular complications

Variables CKD Stages p value

Stage III Stage IV Stage V
(n=20) (n=35) (n=54)

No. % No. % No. %
Clinical Cardiac
events
LVF 3 15.0 6 17.1 22 40.7 0.018S

CCF 2 10.0 2 5.7 5 9.3 0.789
Angina pectoris 1 5.0 4 11.4 11 20.4 -
MI 0 .0 1 2.9 4 7.4 -
ECG Findings
LVH 3 15.0 7 20.0 22 40.7 0.033S

IHD 4 20.0 12 34.3 20 37.0 0.377NS

MI 0 .0 1 2.9 4 7.4 -
Others 2 10.0 5 14.3 5 9.3
Echo Findings
LVH 3 15.0 9 25.7 24 44.4 0.030S

Pericardial effusion 2 10.0 6 17.1 10 18.5 0.676NS

Systolic dysfunction 1 5.0 3 8.6 10 18.5 -
Diastolic dysfunction 2 10.0 2 5.7 3 5.6 0.770
Cardiomyopathy 1 5.0 1 2.9 1 1.9 -
X-ray Findings
Cardiomegally 4 20.0 20 57.1 36 66.7 0.002S

Evidence of heart failure 3 15.0 7 20.0 22 40.7 0.003S
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It was found that highest percentage of the patients had
anemia 101(92.7%) followed by hypertension 99(90.8%),
dyslipidaemia 41(37.6%), diabetes mellitus 40(36.7%),
smoking habit 28(25.7%).

Table-V
Relationship between cardiovascular complications

and risk factors

Risk factors              Cardiovascular complications p value

             Yes (n=84)         No (n=25)
No. % No. %

Hypertension
Yes 80 95.2 19 76.0 0.003S

No 4 4.8 6 24.0
Diabetes mellitus
Yes 33 39.3 7 28.0 0.304NS

No 51 60.7 18 72.0
Dyslipidaemia
Yes 33 39.3 8 32.0 0.509NS

No 51 60.7 17 68.0
Smoking
Yes 25 29.8 3 12.0 0.074NS

No 59 70.2 22 88.0
Anemia
Yes 81 96.4 20 80.0 0.006S

No 3 3.6 5 20.0
p value reached from Chi square test

Data analysis revealed that the proportion of
cardiovascular complications was high among the patients
with risk factors. But the data showed statistically
significant difference among the patients with hypertension
and anaemia (p<0.05). However, no statistically significant
difference was found in terms of diabetes mellitus,
dyslipidaemia and  smoking (p>0.05).

Discussion:
The present study of cardiovascular complications in
patients with Chronic Kidney Disease (CKD) before

dialysis has immense clinical as well as public health
importance with respect to frequency of cardiovascular
complications in the three stages of CKD (Stage III-V)
and measures to be taken to prevent them. There is a close
relationship between different stages of CKD and CV
complications with higher proportion being observed with
declining kidney function. Different studies have shown
that CV complications are significantly higher in patients
with CKD compared to normal population.2

So, the present study was undertaken with a view to
observe the various cardiovascular complications in
patients with chronic kidney disease of stages III-V before
dialysis.Our study provides the assessment of the
occurrence of cardiovascular complications and of
associated risk factors in patients with CKD before
dialysis. In our cross-sectional study involving 109 patients
of 3 stages of CKD, we observed a significantly high
prevalence of CV complications in patients of stage-V
compared to stages III & IV in both sexes.

In this study, our main objective was to determine the
cardiovascular complications in the three different stages
of CKD before dialysis. We used various means for
determining different types of CV events. For diagnosis
of heart failure, we relied on clinical history and physical
examination and also supplemented by chest x-ray
examination. For diagnosis of ischaemic heart disease
(IHD) including angina pectoris or myocardial infarction
(MI), we took the help of previous history of heart attack
needing hospitalization and also electrocardiographic
evidence of MI. We used both ECG and echocardiographic
criteria for diagnosis of left ventricular hypertrophy (LVH).

In this study it was found that cardiovascular complications
were present in all the three stages of CKD but at a
significant number in stage V compared to other two stages.
Ischaemic heart disease including angina pectoris or
history of myocardial infarction and heart failure were
found in the proportion of 19.3% and 38.8% respectively.
These findings are in consistent with the findings by
Levin.35 In cohort followed as a part of an observational
study, it was found that approximately 30-40% of all
patients seen by nephrologists have a history of
IHD.36,2,26,37

In this study heart failure was detected in 35% of patient.
The role of impaired kidney function and heart failure prior
to dialysis has not been well studied.35 In the Canadian
multi-centre study, it was found that, those patients who
had a change or worsening NYHA (New York Heart
Association) class also had anaemia and LVH. An increase
in heart failure may simply be due to cardiac de-
compensation after structural changes. In a recent set of

Fig.-2: Percentage distributions of risk factors
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studies published by Silverberg28 examining the patient
with heart failure, benefits were derived from the treatment
of haemoglobin value from 10-12 gm/dl. So, early
intervention and treatment of risk factors are needed to
delay progression of CKD and to prevent development of
complications. By radiological examination it was found
that cardiomegaly was present at a higher proportion in
stage V (66%) with a statistically significant difference
compared to other two stages. The higher percentage of
enlarged heart by radiological examination was due to
pericardial effusion as well as volume overload. We found
pericardial effusion in 17% of the patients examined.
However, echocardiography is the accurate method for
detecting LVH.

Left ventricular hypertrophy is an important risk factor
for cardiovacular complications in renal disease. Left
ventricular hypertrophy is not only a consequence of
volume & pressure overload, but an important independent
risk factor. Left ventricular hypertrophy has a high
prevalence in ESRD patients, around 75% of dialysis
patients present with LVH12. However, LVH is also
prevalent (25-50%) in early stages of CKD.13,38

Indeed, left ventricular growth itself is a strong,
independent predictor of lower survival rates,
cardiovascular mortality, arrhythmia and sudden death.39

Importantly, left ventricular growth is modifiable through
treatment of hypertension and anaemia.40 LVH rose
proportionally to GFR decline reaching a value >50% in
stage V. In the present study, we found LVH in 44.4% of
patients in stage V by echocardiography and a slightly
lower percentage (40.7%) by ECG. Our study also shows
that, LVH increased proportionally from stage III-V with
a statistically significant difference.

It is important to emphasize that the prevalence of CV
complications is increased among all patients with CKD,
and in those with end-stage renal disease (ESRD). The
prevalence of LVH increases as glomerular filtration
declines, and as many as 30% of patients reaching ESRD
already have clinical evidence of ischaemic heart disease
or heart failure.9 Furthermore, it is important to note that,
patients with reduced glomerular filtration rate (GFR)
are more likely to die of CVD than they are to develop
ESRD.41

The limitations of the study included small sample size
and study being conducted in a single hospital unit, but
the analysis of data have provided with important insights
about clinical and public health implications with respect
to different types of cardiovascular complications and their

associated risk factors in three stages of CKD supported
by multivariate analysis.

In conclusion the present cross-sectional study was
undertaken in the Department of Nephrology,
Bangabandhu Sheikh Mujib Medical University
(BSMMU), Dhaka over a period of one year to determine
the cardiovascular complications in patients with CKD of
stage III–V before dialysis and to observe various risk
factors among the CKD patients. There were 109 patients
of three stages; stage-III 20(18%), stage-IV 35(32%),
stage-V 54(50%), 63 male and 46 female with age from
18-65 years having a mean age of 45.5 ± 12.2 years.

Data showed that cardiovascular complications were
higher in stage-V with declining renal function and the
common cardiovascular manifestations were ischaemic
heart disease, LVH, heart failure, pericardial effusion,
cardiomegaly and systolic dysfunction. Chronic
glomerulonephritis was the commonest cause of CKD
(41.3 %) followed by diabetic nephropathy (33.9%).

Heart failure and left ventricular hypertrophy significantly
appeared to be the main cardiovascular complications in
CKD stage V compared to other two stages stage III and
IV)(p<0.05). Anemia, hypertension were identified as
important risk factors (p<0.05).

Since cardiovascular complications begin during the early
stages of CKD, it is important to identify patients at risk
long before the need for renal replacement therapy arises
and to address both the traditional and uraemia-related
risk factors. A further study with a large number of study
populations is needed with a goal to reducing
cardiovascular complications.
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