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ABSTRACT Problem statement: Chronic kidney disease (CKD) is becoming a major global health problem. It increas-
es patient mortality and morbidity and puts a major economic strain on the health care system. It is es-

timated that 1,00,000 new patients of end stage renal disease (ESRD) enter renal replacement programs annually in 
India. In the absence of any registry in our country these figures were based on estimates. CKD is an important cause 
of cardiovascular morbidity and mortality. Aims and objectives: Aim was to study the prevalence of cardiovascular dys-
function in patients of chronic kidney disease at a tertiary level hospital of North India. These include ischemic changes 
and arrhythmias on electrocardiographic evaluation, prevalence and pattern of left ventricular hypertrophy along with 
systolic and diastolic dysfunction on echocardiography. It was also intended to study the prevalence of pericardial dis-
ease in patients with chronic kidney disease. Materials and method: The present study was undertaken to study the 
pattern of cardiovascular dysfunction in the patients with chronic kidney disease in this part of the country. 100 con-
secutive patients of either sex attending OPD or admitted at Government Medical College, Amritsar, After informed 
consent and thorough history taking patients under went certain investigations which included blood urea, serum cre-
atinine, glycosylated haemoglobin, electrocardiogram, 2-dimensional echocardiography with Doppler examination. The 
results were systematically collected and analysed. Results: Hypertension and dyslipidemia were seen in 78% and 35% 
patients of CKD. Atrial arrhythmias were found in 12% of patients and Ventricular arrhythmias were found in 21% pa-
tients in our study. LVH was found in 63% of our patients. Systolic dysfunction was found in 25% patients whereas dias-
tolic dysfunction was seen in 55% patients. Echocardiographic evidence of pericardial disease was seen in 9% patients.

Introduction
Chronic kidney disease (CKD) is emerging to be an impor-
tant chronic disease globally.1 India is no exception to this 
rule. Many parts of India are undergoing rapid epidemio-
logical transition as a consequence of economic and social 
changes.2 It has been recently estimated that the age-ad-
justed incidence rate of End Stage Renal Disease (ESRD) 
in India to be 229 per million population,3 and >100,000 
new patients enter renal replacement programs annually in 
India.4 The exact incidence of chronic kidney disease is dif-
ficult to predict, because many patients are asymptomatic 
or its presence has not been easily recognised. 

Globally, CKD is the 12th & 17th cause of death and dis-
ability, respectively. Data from the National Health and Nu-
trition Examination Surveys (NHANES) in the United States 
suggests that the prevalence of CKD has increased from 
10% to 13% between 1988-1994 and 1999-2004.5

Chronic kidney disease (CKD) is a long term condition 
which can arise from damage to the kidneys from variety 
of diseases. In an important minority of people, CKD is 
progressive and results in ESRD. According to the Kidney 
Disease Outcomes Quality Initiative (K/DOQI) Clinical prac-
tice guidelines, to diagnose CKD, there must be:-

Kidney damage for >3months defined as either structural 
or functional abnormalities such as urinary sediment abnor-
malities or albuminuria.

Glomerular Filtration Rate (GFR) <60ml/min/1.73m2 for 
>3months with or without evidence of structural damage.6

CKD is a heterogeneous condition, dependent upon cause 

and type of kidney disease, severity rate of progression 
and comorbid conditions. In order to stage CKD, it is nec-
essary to estimate the GFR. Equation commonly used to 
estimate GFR is Cockcroft-Gault equation.7 

Cockcroft-Gault equation 
Estimated Creatinine clearance = 

(140 – Age) × Body Weight (Kg) (Males) (ml/min) 		
72 × Serum Creatinine (mg/dl)

(Multiply by 0.85 in females) 

Kidney Disease Outcomes Quality Initiative (K/DOQI) 
guidelines have classified CKD into five stages:-6

STAGE DESCRIPTION GFR(ml/
min/1.73m2)

1. Slight kidney damage with 
normal or increased filtration More than 90

2. Mild decrease in kidney func-
tion 60-89

3. Moderate decrease in kidney 
function 30-59

4. Severe decrease in kidney 
function 15-29

5. Kidney failure Less than 15(or 
dialysis)

CKD leads to disturbances in the function of virtually every 
organ system and leads to fluid and electrolyte disturbanc-
es, abnormalities of metabolic and endocrine, gastrointes-
tinal, neuromuscular, dermatological, hematological and 
immunological, cardiovascular and pulmonary systems. 
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Patients with CKD are at increased risk of developing Car-
diovascular Disease (CVD).8 Chronic kidney disease is an 
independent risk factor for cardiovascular disease.9 Among 
patients with CKD, CVD is 2-4 times more prevalent and 
advances at twice the rate.10 Mild to moderate loss of re-
nal function is strongly associated with an increased risk 
of cardiovascular mortality.11 Mortality from CVD in these 
patients is approximately 9% per year which is about 30 
times the risk in the general population.10 The incidence of 
cardiovascular disease increases with stage progression of 
CKD and is 0.7% in stage 1 chronic kidney disease and in-
creases to 48.5% in stage 5 chronic kidney disease. 12

Chronic heart failure (CHF) and chronic kidney disease 
(CKD) often coexist. Increasingly, the cardio-renal syn-
drome, defined as the confluence of cardiac and renal im-
pairment, has been recognized as a known entity in which 
not only do cardiac and renal dysfunction coexist, but the 
failure of one system accelerates the decline of the other. 
Renal disease shares many of the same risk factors as car-
diomyopathies. This confluence of cardiac and renal im-
pairment may lead to an endless cycle of progressive con-
comitant functional decline.

CKD may also cause other cardiovascular problems such 
as heart failure in the absence of coronary artery disease. 
Most patients with CKD suffer frequently from left ven-
tricular hypertrophy (LVH), left ventricular dilatation (LVD) 
or systolic dysfunction.13 This cardiac disorder is called 
uremic cardiomyopathy. LVH is the most common cardiac 
alteration observed in CKD patients and is detected in ap-
proximately 74% of patients at the start of dialysis. LVH by 
demonstrating the presence of a high left ventricular mass 
index (LVMI) on echocardiography. Renal failure patients 
tend to have a higher LVMI. Diastolic dysfunction is very 
frequent in dialyzed patients. A low Left Ventricular Ejec-
tion Fraction (LVEF) was shown to be present in one-third 
of new dialysis patients.14 

Both pressure and volume overload present in CKD con-
tribute to these cardiac structural and functional abnormali-
ties with progressive LV remodeling causing geometric and 
functional changes. Cardiac dilatation is considered to be 
a precursor of both LV dysfunction and clinical heart failure 
in patients with or without myocardial infarction.14 Systemic 
hypertension, which is highly prevalent in the CKD popula-
tion, is associated with LVH. Volume overload, anemia and 
arteriovenous fistulae are known to cause LVD.15,16 Aoki et 
al showed that renal failure patients with dilated cardio-
myopathy (DCM) display more severe myocyte hypertrophy 
and disarray than normal DCM subjects.17 The ultrafiltrate 
and serum of uremic patients were shown to have negative 
inotropic and chronotropic effects.18 Prolonged exposure to 
these uremic toxins can result in myocyte fibrosis and ap-
optosis.19 

In CKD patients, plasma catecholamine concentrations 
were demonstrated to be increased by several fold.20 Mul-
tiple lines of evidence indicate that both the increased car-
diac adrenergic drive and the increase in circulating norep-
inephrine are ultimately damaging to the heart. 

Thus CVD and CKD show intricate interactions and this 
confluence of cardiac and renal impairment may lead to 
an endless cycle of progressive concomitant functional de-
cline. 

MATERIALS AND METHODS
The study included one hundred diagnosed patients of 

chronic kidney disease of either sex attending OPD or ad-
mitted in various wards of Government Medical Col-
lege, Amritsar. 

The criteria for chronic kidney disease were taken to be 
as follows:
1. 	 Kidney damage for ≥ 3 months, as defined by struc-

tural or functional abnormalities of the kidney, with or 
without decreased glomerular filtration rate, manifest-
ed by either pathological abnormalities; or markers of 
kidney damage, including abnormalities in composition 
of blood or urine, or abnormalities in imaging tests

2. 	 Glomerular Filtration Rate <60ml/min/1.73m.sq for ≥ 3 
months, which was calculated as per Cockcroft-Gault 
equation.7

 
The patients undergoing haemodialysis due to chronic kid-
ney disease were also be included in the study. 

Patients with congenital or rheumatic valvular heart dis-
ease, age less than 18 years, acute kidney injury or previ-
ous history of ischemic heart disease were excluded.

Patients after thorough history and clinical evaluation un-
derwent following investigations: urine complete examina-
tion, 24 hr urine protein, haemoglobin, TLC, DLC, FBS/
PPBS, blood urea, serum creatinine, total serum proteins, 
serum albumin, serum electrolytes (sodium, potassium), li-
pid profile, ultrasound abdomen, 12 lead, surface and rest-
ing electrocardiogram, X-ray chest PA view and transtho-
racic echocardiography. 

Left ventricular dimensions (interventricular septal thick-
ness [IVS], posterior wall thickness [PW], and left ventricular 
end-diastolic diameter [LVEDD]) were measured at end of 
diastole with M-mode by using the leading-edge–to–lead-
ing-edge convention. Left ventricular mass was determined 
by using the Troy formula according to the recommenda-
tions of the American Society of Echocardiography (ASE): 
left ventricular mass(g)=1.04[(LVEDD+IVS+PW)3-LVEDD3  ]
x0.8+0.6.21 Left ventricular mass was divided with body 
surface area to obtain the left ventricular mass index 
(LVMI). LVH was defined as LVMI ≥89 g/m2 in females and 
≥103g/m2 in males. The term systolic dysfunction was used 
in patients with ejection fraction <55%. The diastolic dys-
function was measured and grading was done as per the 
grading given by American Society of Echocardiography. 
The results of the study were systematically recorded and 
statistically analyzed.

OBSERVATIONS
It was observed that the maximum number of patients 
were in the age group 55-64 years (39%). Out of the 100 
cases included in our study, 49 individuals were males and 
51 were females. 

Only patients in stages III-V of CKD i.e. eGFR <60ml/min 
were included. We found the maximum patients in stage 
IV (42%) followed by stage III in which 34% patients were 
seen. 24% patients were in stage V. 24 were on haemodi-
alysis.

40 percent patients were diabetics. However, the HbA1c 
levels >6.5 were seen in 27%. In the rest diabetes status 
was under control.

78 patients to be hypertensive. 20 out of 24 patients on 
dialysis were hypertensive. 58 out of 76 patients not un-
dergoing dialysis were found to be hypertensive. 
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Dyslipidemia was prevalent in 36% patients. Abnormalities 
in the serum triglyceride levels was the most commonly 
observed lipid abnormality and was found in 34% patients. 
Serum LDL levels were increased in 22% patients whereas 
total cholesterol was increased in 5% only.

Anaemia is a frequent association in patients with CKD. 
In the present study, we found anaemia (i.e. haemoglobin 
<10 gm/dl) in 70% patients. All the patients on haemodi-
alysis had anaemia while 68% patients who were not un-
dergoing dialysis had anaemia. 

12 patients presented with atrial arrhythmias while ventric-
ular rhythm abnormalities were seen in 21 patients.

Prevalence of Left Ventricular Hypertrophy (LVH) in pa-
tients with CKD:
LVH was found in 63% patients of CKD. LVH was found to 
increase in severity with decreasing eGFR. 13 CKD patients 
in stage III of the disease had LVH (i.e 38%) whereas out of 
the 66 patients in stage IV and V 50 had LVH on echocar-
diography (i.e 76%). The relation was found to statistically 
significant and the p value was found to be 0.004. 

Systolic dysfunction in patients with CKD:
Ejection fraction was used as a marker of systolic dysfunc-
tion. Ejection fraction <55% was taken as abnormal in 
the present study. 21% patients had systolic dysfunction. 
21 (31.8%) of the patients with eGFR <30 had systolic 
dysfunction whereas 4 (11.7%) of the patients with eGFR 
30-60 had decreased ejection fraction. This increase with 
declining GFR was found to be statistically significant (p 
value- 0.03). 

Prevalence of diastolic dysfunction in patients with 
CKD:
Diastolic dysfunction was found in 55% patients with CKD 
in our study. Diastolic dysfunction was found 11 out of 34 
patients with Stage III CKD and 43 out of 66 patients of 
Stage IV and V. The p value for correlating diastolic dys-
function in moderate (stage 3) and severe (stage 4&5) was 
found to be very significant (p value- 0.003)

Prevalence of pericardial disease in patients with CKD:
Pericardial disease was a relatively frequent association 
with CKD and was seen only 9% patients. Pericardial in-
volvement was seen in the form of pericardial effusion and 
pericardial thickening as a result of constrictive pericarditis.

Prevalence of valvular dysfunction in patients with CKD:
Valvular dysfunction was a less common association with 
CKD. Aortic valve was involved more commonly than the 
mitral valve. Aortic calcification/ stenosis was seen in 15% 
whereas mitral valve was involved in 5% patients only.

DISCUSSION
CKD leads to disturbances in the function of virtually eve-
ry organ system and leads to fluid and electrolyte distur-
bances, abnormalities of metabolic and endocrine, gastro-
intestinal, neuromuscular, dermatological, hematological 
and immunological, cardiovascular and pulmonary systems. 
Chronic kidney disease is an independent risk factor for 
cardiovascular disease. The incidence of cardiovascular dis-
ease increases with stage progression of CKD and is 0.7% 
in stage 1 chronic kidney disease and increases to 48.5% 
in stage 5 chronic kidney disease.

In our study, we included the patients in stages III-V. We 
found the maximum patients in stage IV (42%) followed by 

stage III (34%) and stage V (24%). In our study a very large 
fraction of patients (24%) were in end stage renal disease. 
This finding was due to our study being conducted in a 
tertiary hospital care setting where many of the patients 
were admitted only in later stages of CKD. 

This is because the majority of patients with stages I and 
II do not report to the medicine OPD due to lack of gen-
eral awareness about the varied symptoms of the disease 
spectrum. 

Diabetes is the most common causative risk factor for CKD 
in India and abroad. In the present study, there were 40 
percent diabetics. However, the HbA1c levels >6.5 were 
seen in 27. In the rest patients, diabetes was controlled 
on regular medication. Modi et al also found Diabetic ne-
phropathy as the commonest cause of ESRD though their 
prevalence was higher (44%) than our study (40%).22

In our study, 78% patients were found to be hypertensive. 
Twenty out of 24 patients on dialysis were hypertensive. 
Fifty eight out of 76 patients not undergoing dialysis were 
found to be hypertensive. Similar findings were obtained 
by Ridao et al.23 Results showed the prevalence of HTN in 
the total group of patients with renal diseases was 60.5%.14 

The prevalence of hypertension in the CKD patients on di-
alysis was found to be 83%. Similar findings were observed 
by Agarwal et al who reported it to be about 86%.24

In our study, we found dyslipidemia in 35% patients. Se-
rum triglyceride levels was the most commonly seen lipid 
abnormality found in 34% patients. Serum LDL levels were 
increased in 22% patients whereas total cholesterol was in-
creased in 5% only. Vaziri et al similarly described the pat-
tern of dyslipidemias in patients with CKD. It was found 
that these patients have increased serum triglyceride, 
VLDL, and LDL with unchanged Total Cholesterol and low 
HDL.25 Out of the 24 patients on haemodialysis, 12 (50%) 
were found to have dyslipidemia. The patients on Haemo-
dialysis had normal TC and LDL levels with increased tri-
glyceride levels in the present study. Our findings are also 
consistent with finding of Kasiske et al who found fifty per-
cent of haemodialysis patients with dyslipidemia.26 Hae-
modialysis patients usually have normal TC and LDL lev-
els.25

In our study 70% of the patients were found to be anae-
mic which was significantly higher than that in general 
population. However it was significantly higher than that 
in study conducted in US by McClellan et al which was 
perhaps due to lower socioeconomic status and superim-
posed nutritional anaemias being more prevalent in devel-
oping countries like India than in US.27 

ECG changes were observed in every CKD patient includ-
ed in our study. All the leads were looked for ST-T changes 
in all the patients. We found 23 patients with ST-T changes 
suggestive of ischemia. But as previously mentioned hae-
modialysis induce changes in serum electrolytes and vol-
ume status. These coupled with the presence of LVH and 
the effect of medications contribute to the changes in 
resting electrocardiogram. For these reasons, the ST seg-
ment depression on resting ECG is considered an unreli-
able marker of chronic ischemia in CKD patients. The prev-
alence of atrial fibrillation was 12% in our study which is 
consistent with the article by Salim et al which described 
its prevalence of 7-27%. The prevalence of ventricular ar-
rhythmias and premature ventricular complexes was found 
to be 21% in our study which is less than that found in 
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study conducted by Bonato et al in which its prevalence 
was found to be 35%.29 This may be explained by the ab-
sence of inclusion of 24-hour ECG holter monitoring in our 
study.

In our study 63% of the total CKD patients have some de-
gree of left ventricular hypertrophy. Similar results were ob-
tained in study conducted by Levin et al and Foley et al 

in which the LVH found in 45-90% of patients in different 
stages of CKD patients.30,31

 LVH was found to increase in severity with decreasing 
eGFR in our study. The relation was found to be statisti-
cally very significant as seen in a study done by Middleton 
et al.32	

In the studies conducted by Agarwal et al and Collins 
et al, it was concluded that the prevalence of systolic 
dysfunction in CKD is more than that in general popula-
tion.33,34 In our study the overall prevalence of systolic dys-
function in CKD patients was found to be 25%.

In our study the prevalence of systolic dysfunction also 
increased significantly with decline in renal function and 
was about 31% in patients in patients with severe and end 
stage CKD. This was nearly similar to the results obtained 
in study conducted by Parfrey et al in which the systolic 
dysfunction was found in upto 28% of patients with severe 
CKD.35

Similar to systolic dysfunction, the prevalence of diastolic 
dysfunction is also increased in patients of CKD. Our study 
observed a 55% prevalence of diastolic dysfunction of vari-
ous grades in patients of CKD. This finding was consistent 
with the study conducted by Kuntz et al which reported a 
prevalence of 50 to 65%.36 In our study, prevalence of di-
astolic dysfunction with increasing stage of CKD was seen. 

The prevalence of pericardial disease was found to be 9%. 
Similar results were observed by Gunukula et al.37 

Aortic valve calcification was found in nearly 21% & 45% 
of non haemodialysed & haemodialysed CKD patients, 
respectively. The later result is slightly different from the 
study done by London et al who observed aortic valve cal-
cification in 55% of the patients.38

We observed prevalence of mitral valve calcification in 
15.7% of patients of CKD patients who were not on hae-
modialysis and in 33.3% of CKD patients on haemodialysis. 
These results are very similar to the study done by Maz-
zaferro et al.39 

CONCLUSION
Thus, it has been found that CKD patients have more 
prevalence of cardiac abnormalities in one form or another. 
An element of this excess CVD risk in CKD is explained by 
the multifaceted range of myocardial and vascular insults, 
from malignant ventricular remodelling, LV conduction ab-
normalities, sequestered vasoprotective agents, low-grade 
inflammation, endothelial dysfunction, derangements in 
electrolytes and metabolic compounds, autonomic disor-
ders, small and large arterial calcifications and loss of arte-
rial compliance. However, we feel it is very likely that there 
are as yet undiscovered factors, and inter-relationships, 
which are of direct relevance.

CKD is silent epidemic of the 21st Cardiovascular disease is 
recognized as the predominant cause of death in Chronic 

kidney disease. Many cardiovascular implications of CKD 
are described in literature. There is enough data to sup-
port that patients with concurrent CKD and CVD likely 
benefit from many of the interventions implemented in 
individuals with CVD alone, including the same secondary 
measures employed in general population. Efforts to im-
prove cardiovascular outcomes by single risk factor inter-
vention have been unsuccessful and the approach should 
be global, multifaceted and multidisciplinary. 
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