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Abstract

Title: “Study of Subclinical Cardiac Abnormalities in

CKD Patients”

Background:

Chronic Kidney Disease (CKD), a global health burden estimated to affect up to 15% of adult
populations, has been identified as an important predisposing factor for the development of
Cardiovascular disease, and it also portends an increased risk of mortality and morbidity™.
Cardiovascular disease (CVD) and kidney disease are closely interrelated and disease of one

organ causes dysfunction of the other, ultimately leading to the failure of both organs.

Among patients without clinical heart failure, the associations at different stages of eGFR
with changes in cardiac structure and function are not well described in literature. Not many
research studies have described the associations of different stages of estimated GFR (eGFR)
with the range of changes in cardiac structure and function in patients with established CKD
4. This study hypothesizes that subclinical cardiac changes start in the early stages of CKD
and that this association strengthens with more advanced kidney disease.

In addition, the severity and extent of cardiovascular abnormalities in CKD patients is
disproportionate to the number and severity of traditional risk factors. The relative
significance of non-traditional risk factors for CVD such as anemia, uremia, calcium and
phosphate metabolism disorders in CKD are not well defined. It would be informative to
detect subclinical cardiac abnormalities in various stages of CKD and its correlation with
various non traditional risk factors so that a multipronged approach can be formulated to

prevent occurrence of cardiovascular events in this high risk population.




Objectives:

. To detect Echocardiographic evidence of cardiac abnormalities in various stages of
CKD

. To classify the subclinical heart failure into Systolic and Diastolic forms

. To correlate cardiovascular abnormalities with non traditional cardiovascular risk
factors (Anemia, Proteinuria and Calcium and Phosphorous metabolic abnormalities

and inflammation(increased ESR))

Materials and Methods:

This study was conducted on 64 patients diagnosed with Chronic Kidney Disease with no
clinical features of heart failure attending the General Medicine outpatient section and

inpatients of R.L.Jalappa Hospital and Research Centre Tamaka, Kolar.
Inclusion Criteria:

» Age Between 18 to 60 years

> Patients with established CKD as defined by CKD-EPI formula (< 60 ml/min/1.73
m?) of more than 3 months associated with elevated serum creatinine and with or
without albuminuria and with or without structural changes determined by

Ultrasonography with no features of Congestive cardiac failure.
Exclusion criteria:

Prior transplantation

Acute Kidney Injury

Systemic or hematogenous malignancy

Rheumatic Heart Disease & Congenital heart Disease

Pre-existing cardiovascular disease like myocarditis due to infective aetiology,

primary heart muscle diseasesolike cardiomyopathies

Severe comorbid illnesses, such as cirrhosis, HIV disease, and severe (New York
Heart Association class 111 or 1) Heart Failure and COPD (MMRC grade 11 or IV)

XViii




Methods of Collection of Data:

This study was conducted on patients attending the general medicine outpatient section and

inpatient of R.L.Jalappa Hospital and Research Centre Tamaka, Kolar. Consecutive patients,

diagnosed to have CKD who satisfy the inclusion and exclusion criteria were enrolled in the
study after obtaining informed consent. A detailed history with regard to cardiac symptoms
such as dyspnea, orthopnea , chest pain and palpitations was recorded. Physical examination

was carried out to detect signs of cardiac failure and hypertension.

16 cases each of Stage 1 &2, 3, 4 and 5 based on eGFR were included in the final analysis

adding up to a total of 64 will form the study group.

Laboratory investigations to detect elevated urea, creatinine, anemia, calcium and
phosphorous metabolic abnormalities, proteinuria and dyslipidemia was undertaken. USG of

Kidneys was done to measure the Renal size.

Participants was subjected to Chest X-Ray, ECG and Echocardiogram to detect pericardial,

myocardial and endocardial changes.

2D-Transthoracic Echocardiography machine was used with 3.5 MHz transducer probe and
Two dimensional echocardiography and M- mode echocardiography were subsequently done
on the subjects. The LVEF was taken as measure of left ventricular systolic function.
Diastolic function was determined by measuring E/A ratio by special Doppler inflow

velocity. LVH and LV Mass Index were also measured.

RESULTS:

We performed a Prospective Observational study of various traditional and non-traditional
cardiovascular risk factors in CKD and their impact on echocardiographic measurements of

cardiac function.




The mean age of our cohort was 46 years + 5 years. 60% of the patients were below the age
of 60 years whereas 40% were above the age of 60 years. Men constituted 63% of the study

population while females constituted 27%. The mean Body Mass Index was 22 + 2.4.

56% of the patients were diabetics and 76% were hypertensives. 36% were smokers and 25%
consumed alcohol regularly. 54% of patients had low Haemoglobin levels below 11 %. Only
14% were having hypercholesterolemia highlighting reverse causality of low cholesterol

levels with higher cardiovascular mortality in late stages of CKD.

Only 1.5 % of patients were shown to have high LDL levels above 125 mg /d L again

pointing towards the role of malnutrition in cardiovascular pathogenesis.

65% of the patients were having low HDL levels. Serum albumin levels were less than 3g/dL
in 60% of patients with Protein Energy Wasting and higher risk of CV morbidity and
mortality. 22% were with Nephrotic range proteinuria which is another major non- traditional
risk factor. Diastolic dysfunction was a major subclinical Echocardiographic finding in 31%
of Stage | CKD and 100% of Stage V CKD. Systolic dysfunction was seen in 18% of CKD
Stage | patients and 37% of Stage V CKD patients. LVH was seen in 71 % of patients
constituting a heavy burden of cardiovascular disease in this cohort.

Traditional risk factors such as High systolic BP, Diabetic status and Smoking status had

positive association with LVH.

Non-traditional risk factors such as Estimated GFR, ESR, Anaemia, Albuminuria,
Hyperphosphatemia, Hypocalcemia and Metabolic acidosis were shown to be significantly

associated with Left Ventricular Mass Index by Univariate analysis.

In Multivariate analysis, it was shown that Estimated GFR and Hyperphosphatemia were

significant predictors of Left ventricular Mass Index.

CONCLUSION:

It has been observed that subclinical echocardiographic abnormalities are common in CKD
patients. Both traditional and many potentially modifiable Non-traditional risk factors have

shown significant correlation with several Echocardiographic abnormalities.




In our study we found that Hypertension, Anemia, Estimated GFR, Serum calcium,

Phosphorus levels and Albuminuria were such factors. These have to be addressed at multiple

levels by Blood Pressure Control, Iron and Erythropoietin therapy for anemia, Phosphate
restriction and Phosphate binders and lastly reducing the Inflammatory status of High CRP
levels by improving nutritional status . It can be concluded that the cardiovascular Prognosis
can be considerably improved if such multi-pronged approach is undertaken to address the

risk factors from an early stage of CKD.




INTRODUCTION

Chronic Kidney Disease (CKD), a global health burden estimated to affect up
to 15% of adult populations, defined by either kidney damage or an elevated
creatinine or an estimated GFR (eGFR) <60 ml/min per 1.73 m* for greater than three
months has been identified as an important predisposing factor for the development of
Cardiovascular disease, and it also portends an increased risk of mortality and
morbidity’. One of the biggest challenges in current clinical nephrology is to bring
down the exponential rise of cardiovascular comorbidity in CKD patients.
Cardiovascular disease (CVD) and kidney disease are closely interrelated and disease
of one organ cause dysfunction of the other, ultimately leading to the failure of both
organs. Patients with end-stage renal disease (ESRD) are at an increased risk of
mortality due to CVD as compared to ESRD itself.

Patients with Chronic Kidney Disease suffer from an increased risk of
cardiovascular abnormalities like Heart Failure, Myocardial infarction, Arrhythmias,
valvular lesions and sudden cardiac death*. Abnormal left ventricular geometry and
functions are common in this patient group and have been proven to be linked with
increased cardiovascular mortality/morbidity and all-cause mortality in this
population.

Clinical cardiac failure has been shown to be independently associated with
development of renal disease and this complex interdependence of heart and kidney
function is referred to as the cardiorenal syndrome. Many patients with Chronic
Kidney Disease die prematurely before initiation of dialysis due to adverse

cardiovascular events®,



Several studies have evaluated associations between kidney function and
abnormal left ventricular geometry in patients with advanced disease, and in those
requiring dialysis® and there have been some studies looking at associations even in
earlier stages, in addition to diastolic dysfunction and CKD?®. In CKD patients
diastolic dysfunction of the left ventricle occurs frequently and is linked with the
occurrence of heart failure (HF) and higher mortality®.

Other studies had demonstrated that CKD severity was the most independent
predictor of elevated LV filling pressures and could be responsible for impaired
systolic and diastolic functions in pre-dialysis CKD®. Among patients without clinical
heart failure, the associations at different stages of eGFR with changes in cardiac
structure and function are not well described in literature. Not many research studies
have described the associations of different stages of estimated GFR (eGFR) with the
range of changes in cardiac structure and function in patients with established CKD *.
This study hypothesizes that subclinical cardiac changes start in the early stages of
CKD and that this association strengthens with more advanced kidney disease.

Although a huge number of patients with CKD have traditional cardiac risk
factors such as diabetes, hypertension and abnormalities in cholesterol, interventions
to address these factors--which have significantly decreased cardiovascular mortality
in the general population--have not shown such benefit in the CKD population.

In addition, the severity and extent of cardiovascular abnormalities in CKD patients is
disproportionate to the number and severity of traditional risk factors. This realization
has focused attention on nontraditional cardiac risk factors that are particularly
relevant to patients with CKD, including decreased hemoglobin levels,
microalbuminuria, increased inflammation and oxidative stress, and abnormalities in

bone and mineral metabolism. The relative significance of non-traditional risk factors



for CVD like anemia, uremia, calcium and phosphate metabolism disorders in CKD
are not well defined. However, toxins resulting from uraemia and renal dysfunction
play a significant role in the development CVD®

Recognizing that factor is very important, because prevention of CV death is
achieved not only by delaying the progression of CKD, but also by modifying CV risk
factors early in the course of the disease. It would be informative to detect subclinical
cardiac abnormalities in various stages of CKD and its correlation with various non-
traditional risk factors so that a multipronged approach can be formulated to prevent

occurrence of cardiovascular events in this high risk population.



OBJECTIVES:

. To detect echocardiographic evidence of cardiac abnormalities in various

stages of CKD

. To classify the subclinical heart failure into Systolic and Diastolic forms

. To correlate cardiovascular abnormalities with non-traditional cardiovascular

risk factors (Anemia, Proteinuria and Calcium and Phosphorous metabolic

abnormalities and inflammation (increased ESR)



REVIEW OF LITERATURE

CHRONIC KIDNEY DISEASE: DEFINITION AND INTRODUCTION

Chronic kidney disease (CKD) incorporates numerous pathophysiologic processes
linked to aberrant renal function and a progressive decline in glomerular filtration rate
(GFR). The classification of CKD has recently been updated, in which stages of CKD
are stratified by both estimated GFR and the amount of albuminuria, in order to
predict risk of progression of CKD. In the past, CKD had been staged only by taking
GFR into consideration®. However, the risk of advancing chronic kidney disease
through various stages is closely associated with the degree of albuminuria, and hence

this has been incorporated into the classification’.

Stages 1 and 2 CKD are generally not associated with any symptoms arising from the
decrement in GFR. If the decline in GFR progresses to stages 3 and 4, clinical and
laboratory complications of CKD become more apparent. Virtually all organ systems
are affected, but the most evident complications include anaemia and associated easy
fatigability; decreased appetite with progressive malnutrition; abnormalities in
calcium, phosphorus, and mineral-regulating hormones, and abnormalities in sodium,

potassium, water, and acid — base homeostasis®.
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Figure 1:“Kidney Disease Improving Global Outcome (KDIGO) - classification of
chronic kidney disease (CKD)”. Gradation of color from green to red corresponds to
increasing risk and progression of CKD. GFR, glomerular filtration rate. (Reproduced
from Kidney Int Suppl 3:5-14, 2013.)

Table 1: Estimated Glomerular Filtration Rate (GFR)

Recommended Equations for Estimation of Glomerular Filtration
Rate (GFR) Using Serum Creatinine Concentration (SCr), Age, Sex,
Race, and Body Weight

1. Equation from the Modification of Diet in Renal Disease study
Estimated GFR (mL/min per 1.73 m2) = 1.86 x (SCr) —1.154 x
(age)—0.203

Multiply by 0.742 for women

Multiply by 1.21 for African ancestry

2. CKD-EPI equation

GFR = 141 x min(SCr/x, 1)a x max(SCr/k, 1)-1.209 x 0.993Age
Multiply by 1.018 for women

Multiply by 1.159 for African ancestry

where SCr is serum creatinine in mg/dL, « is 0.7 for females and 0.9 for
males, o is —0.329 for females and —0.411 for males, min indicates the
minimum of SCr/k or 1, and max indicates the maximum of SCr/x or 1.




CHRONIC KIDNEY DISEASE: A PUBLIC HEALTH PROBLEM

The occurrence and prevalence of chronic kidney disease (CKD) has reached
considerable proportions warranting it to be called a “public health burden”, as a large
number of patients are being diagnosed with the condition and it lays a huge economic
burden on the patients. Worldwide, Chronic Kidney Disease is the 12th most common
cause of death and the 17th most common cause of disability, respectively. This might
be an underestimate as many patients with Chronic Kidney Disease are more likely to
die of cardiovascular disease (CVD) than to reach end-stage renal disease (ESRD).
With an exponentially increasing number of patients being diagnosed with diabetes
mellitus (DM) and an aging population, approximately 30% of patients with diabetes
mellitus (DM) have been reported to have diabetic nephropathy and as a result there is

a concurrent increase in the in incidence of CKD®.

With increasing prevalence of CKD, CKD related excess CVD, ESRD and the
consequent financial burden of renal replacement therapy (RRT), the magnitude of the
burden of CKD and its risk factors has to be realized. The prevalence of ESRD and
patients on RRT has increased over last two decades™. In community-based studies,
the CKD prevalence has been variously reported between 0.16% and 0.79%. It has to
be taken in to account that the actual prevalence of CKD is much higher than the
reported number studies intended to detect CKD stage 3 and above'*%. The incidence
of ESRD has been observed to be 160-232 per million population (pmp)**** and the

projected ESRD prevalence was 785-870 pmp.*>*®

The Indian CKD Registry, a voluntary reporting body of CKD patients data,
initiated in June 2005, has 199 contributing centres. The database has 63,538 patients

enrolled, 70% of them males and 73.6% of them have CKD stage 4 and 5. Diabetes is



the cause of kidney disease in 30% of these patients. In summary, the yearly incidence
of ESRD in India is approximately 150-200 pmp and DM is an important cause of
CKD in approximately 30-40% of the patients. Patients with CKD are likely to die of

CVD than to reach ESRD Y'.

CKD and CVD: THE MAGNITUDE OF BURDEN

Patients on dialysis have a 10- to 30-fold increased risk for cardiovascular
mortality compared with the general population. CVD is the number one cause of
death among patients receiving long-term dialysis; accounting for 44% of overall
mortality’®. Patients with ESRD have started surviving longer on maintenance
haemodialysis and hence the magnitude of the disease burden has become more

apparent.

Furthermore patients with a reduced glomerular filtration rate (GFR) are more
likely to die of CVD even before they are to develop ESRD. Heart failure accounts for
15%, myocardial infarction for about 10% and pericarditis for about 3% of dialysis
associated mortality *°. Sudden cardiac death might be linked to the increased
prevalence of left ventricular dysfunction secondary to the LVH in dialysis patients™.
It has been reported that as compared to non-CKD patients, where CVD prevalence is
about 13.9% in men and 9.3% in women, the prevalence of CVD among stage 1-5
non-dialysis CKD patients is 17.9% and 20.4%, respectively for men and women.
This rate goes up to 40% in dialysis patients and at this stage close to 85% of the
patients have been reported to have abnormal left ventricular function or structure, as

per echocardiographic criteria®®?
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Figure 2: Cardiovascular event rates based on various stages of chronic kidney
disease?

LVH when measured by nuclear magnetic resonance (NMR) imaging has a
12% prevalence in stage 2 CKD patients®®. The prevalence in stage 3-5 CKD varies
from 27% to 74%**** a phenomenon depending on differences in background risk
factors and comorbidities. The study reporting the lowest LVH prevalence (27%)
included patients with an average age of 50 years and with no evidence of peripheral
vascular, cerebrovascular, valvular heart disease, or coronary artery disease and with
satisfactory compliance to antihypertensive drugs medications®. The research study
with the highest prevalence (74%) focused on a series of non-diabetic patients with an
average age of 63 years and excluded only patients with very severe ischaemic heart

disease®’

Out of 3487 participants of the Chronic Renal Insufficiency Cohort (CRIC)
Study®® one of the largest surveys on LVH in CKD patients, the prevalence of LVH
among patients with CKD and GFR > 60 mL/min/1.73m? was 32%. This increased

stepwise at more advanced stages to reach a prevalence of 75% in stage 4-5. It has



also been hypothesized in some studies that the presence of abnormalities of LV mass
and LV function may act as a factor worsening renal function in CKD?*. However,

this phenomenon may simply reflect shared risk factors for heart and kidney disease.

Alterations in left ventricular function can classically be divided into two
broad categories: diastolic dysfunction and systolic dysfunction. Diastolic dysfunction
is often the first abnormality to be detected in many cardiac conditions and represents
a frequent impairment in patients with moderate to severe CKD. In some studies, there
were alterations in as many as 65% of the patients, in indices of diastolic function as
determined by conventional echocardiographic methods, and as many as 82% showed
diastolic dysfunction by tissue velocity imaging®®. However, in the CRIC study® it
was surprising to note that concentric LVH was not associated with progressively

severe diastolic dysfunction.

Systolic function of LV (EF parameter) remained within normal limits in all
patients with a noticeable tendency to decrease with the decline in eGFR in a study by

Beata Franczyk-Skéra et al*!

. A progressive decline of LV ejection fraction with the
increase in severity of renal failure was observed in one study*?. However, Hayashi et
al. did not observe significant impairment of systolic function even in patients with

severe CKD*. According to various studies the average occurrence of LV systolic

dysfunction ranges from 15-28% in patients on haemodialysis®".
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RISK FACTORS FOR CVD IN CKD:

Cardiovascular disease (CVD) is the most common condition causing
morbidity and mortality in CKD patients, which can occur even at the earliest stages
of CKD without manifest vascular disease *. A graded increase in CVD risk occurs
with worsening renal function. Updated guidelines have not only recognized CKD as
an independent CV risk equivalent, but have also recommended that CKD be

considered the highest risk group for subsequent development of CVD *.

Patients with CVD and CKD share many ‘traditional’ risk factors in common
for formation of atheromatous plaque, such as hypertension, dyslipidaemia, diabetes
mellitus, obesity and smoking, but it is now being increasingly observed that these
factors do not completely account for the disproportionate increase in cardiovascular
mortality in CKD patients as compared to the normal population®. Thus, risk factors
for adverse cardiovascular events in CKD can be classified as “Traditional” and “non-
traditional” (Figure 2). Changes unique to CKD are the progressive accumulation of
uraemic toxins, electrolyte abnormalities, metabolic acidosis, sympathetic nervous
system and renin angiotensin aldosterone system activation, and volume overload that
result in structural and functional abnormalities of the heart, termed uraemic

cardiomyopathy %'
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Risk Factors For CVD in
CKD

v | v

Traditional Risk Factors Non- Traditional Risk
Factors
1. Diabetes Mellitus 1. Proteinuria
2. Anemia

2. Hypertension
3. Homocystenemia

3. Dyslipidaemia 4. Abnormal Calcium
and Phosphate
4. Obesity Metabolism

5. Inflammation

5. Left Ventricular
6. Oxidative Stress

Hypertrophy

Figure 3: Interrelationship between traditional and non-traditional risk factors and
cardiovascular disease and chronic kidney disease.
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Figure 4: Pathogenesis of Cardiovascular Disease in CKD

TRADITIONAL RISK FACTORS:
Diabetes Mellitus:

A higher incidence of vascular disease occurs in patients with CKD associated
with DM than with any other CVD risk factor. Hypertension (HTN) is also closely
associated with DM: approximately 80% of patients with DM have co-existent
hypertension .

The pathogenesis of vascular disease in diabetes is mediated through formation
of advanced glycation end products (AGEs), which result from nonenzymatic post-
translational modification by glycation and carbamylation in the AGE-RAGE

(receptor for AGE) pathway *'.
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This modification is mediated by the binding of sugar molecules with
extracellular matrix or low-density lipoprotein (LDL), followed by oxidation. The
AGEs deposit in the arterial wall, causing inflammation that heralds the formation of
atheromatous plaque and a stream of subsequent events leading to endothelial injury

and vascular disease. This endothelial injury manifests as albuminuria *’.

The occurrence of proteinuria has been linked to adverse cardiovascular
outcome in patients with CKD. There is an exponential rise in mortality with the onset
of proteinuria *. Standard management include good control of DM and proteinuria
which can delay the onset of diabetic nephropathy. Blockade of Renin—angiotensin—
aldosterone system (RAAS) pathway using a variety of drugs has reduced the
incidence and progression of proteinuria®*“. The beneficial effect of RAAS blockade
is not seen after nephropathy sets in, thereby emphasising the importance of early

intervention.

Dyslipidemia:
Dyslipidemia which is defined as higher LDL and lower high-density
lipoprotein (HDL) cholesterol, is another very important player in the sequence of

events leading to atherosclerotic cardiovascular conditions in CKD patients.

Levels of HDL, an anti-atherogenic lipoprotein, has been found to progressively
decrease as renal function declines, and the HDL that is produced is dysfunctional. In
renal failure, apoA-I1, synthesized by the liver, decreases as a result of which HDL
cholesterol levels come down**?. Levels of LDL cholesterol and triglycerides are

found to increase with declining kidney function®®. The impact of these alterations on
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coronary artery disease is significantly higher than in the normal population without
renal impairment*,

In patients with CKD high levels of urea dissociates to form cyanate, which in turn
leads to carbamylating of proteins. Carbamylated LDL causes progression of
atherosclerosis by causing endothelial cell injury, increased expression of cell
adhesion molecules, and proliferation of vascular endothelial smooth muscle cells. It
also activated endonuclease G that leads to cellular injury and production of oxidants.
High carbamylated LDL is an independent risk factor and predictor of CAD, future
AMI, stroke, and death®,

Lipoprotein A and apolipoprotein A also play important roles in atherogenesis. Statins
have been shown to have beneficial effects on occurrence of CVD events in primary
and secondary prevention, including in patients with CKD stages 1-4. However
substantial benefits of statins when used in patients on haemodialysis is lacking.
Patients on haemodialysis (HD) predominantly have hypertriglyceridemia because of
accumulation of very-low-density lipoprotein and intermediate-density lipoprotein,
and lower levels of HDL*. Although patients with advanced CKD are at increased
risk of CV events, there is a disinclination to use statins for several reasons. This is
because unlike individuals in the general population, patients with CKD are at an
increased risk of malnutrition and inflammation that have a cholesterol-lowering
effect.

In a German diabetes and dialysis study, atorvastatin had no effect on the composite
endpoint of CVD and non-fatal acute myocardial infarction in patients with DM

undergoing HD .
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In the AURORA study, rosuvastatin lowered LDL cholesterol in HD patients, but had
no significant effect on the primary endpoint of death from CV causes, nonfatal AMI,

or nonfatal stroke °.

A meta-analysis provided strong evidence that in CKD, across a broad range of
functional categories, including patients undergoing dialysis, statins reduce the risk of
major vascular events, CV death, and all-cause death *’. In 2013, guidelines from the
American College of Cardiology and the American Heart Association recommended

high-intensity use of statins for all patients with CVD and CKD*®,

Hypertension:

The occurrence and prevalence of hypertension goes up with declining renal function
in patients with CKD. Various studies state that more than 90% of patients with end
stage renal disease have been found to have Hypertension. The various mechanisms
that have been put forward for the increased prevalence of hypertension in CKD are,
secondary to volume expansion, sodium retention, and activation of RAAS and the
sympathetic nervous system. Hypertension has also been shown to elevate
renovascular resistance and the filtration fraction of sodium, particularly in the
elderly®®. An entity termed “non-dipping” occurs in patients with declining renal
function, where there is absence of normal nocturnal physiologic dip in Blood
Pressure. The loss of nocturnal dipping has been observed to elevate the incidence of

adverse cardiovascular events in this set of population®.

With progression of CKD, the hypertension that occurs as a result of CKD, tends to

increase, thus establishing a vicious cycle® because poorly controlled hypertension
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itself can in turn lead to progression of renal disease. Widened pulse pressure (a
measure of arteriosclerosis) in HD patients has also been linked with an increased risk
of death®®>. Optimal control of hypertension has been proven to reduce CVD risk in

patients with CKD.

Management of hypertension in CKD is predominantly achieved by RAAS blockade,
because stimulation of RAAS is the primary mechanism involved in hypertension
occurring in these patients. As opposed to a step-up approach aggressive management
of hypertension was shown to halt the progression of CKD and mortality >*. The
Irbesartan Diabetic Nephropathy Trial revealed a reduction in CV mortality and HF
with lower achieved systolic BP (to 120 mmHg) **. In patients with hypertension even
very small reductions in BP can have major beneficial effects with respect to CV

outcomes *°.

Left ventricular hypertrophy:

The most common cardiac abnormality detected in patients with CKD is Left
Ventricular Hypertrophy (LVH). As discussed earlier, strong risk factors for LVH are
hypertension, anaemia, advancing age, diabetes mellitus, tobacco use, serum calcium,
elevated, serum parathyroid hormone and hypoalbuminemia and these have been

positively correlated with the occurrence of LVH.
Coronary artery calcification score, widened pulse pressure, and oxidative stress

markers have also mentioned as important as risk factors>®. Numerous studies have

mentioned that the occurrence and prevalence of LVH rises with declining glomerular
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filtration rate (GFR) and renal function, and also on commencement of dialysis, LVH

is present in 75% of patients®’.

In the Dialysis Mortality and Morbidity Study Wave 2, Left Ventricular Hypertrophy
was noted to be present in 17% of patients who were newly diagnosed with end stage
renal disease. In patients Co-Existence of Left Ventricular Hypertrophy in patients
with CKD is associated with poor Cardio-vascular outcomes. Left ventricular mass,
that is indexed to height or body surface area (to prevent malnutrition and fluid
overload from distorting measurements pertaining to LVH) is a very important and

independent predictor of survival and CV events in CKD and patients on dialysis *°.

Cigarette Smoking:

Smoking has been shown to exponentially increase the risk for kidney disease. As
widely known, it is also one of the main modifiable risk factors for CVD in the normal
population as well as CKD patients. Nicotine has been shown to totally adversely alter
systemic and intrarenal hemodynamics by stimulating postganglionic sympathetic

nerve endings while smoking™

The resultant surge in plasma epinephrine and norepinephrine results in abnormal
increase in BP. Beta-receptor— mediated renin and angiotensin Il production increases
renal vascular resistance®. Smoking also causes impaired response by the kidneys to
elevated BP and increases GFR and intraglomerular pressure®. Smoking also has non-
hemodynamic effects such as endothelial dysfunction, activation of growth factors,
and insulin resistance, and an association of cigarettes smoked of high-normal

albuminuria and microalbuminuria .
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Cessation of Smoking has to be a very important corner stone in management of
patients with CKD because it can substantially reduce CVD mortality rates in patients

with CKD ©,

Obesity:

Numerous reports have shown strong association between visceral obesity and
occurrence of CV events in patients with CKD®. But, as compared to the normal
population, it has been observed that patients on dialysis have been found to have
lower CV risk with higher BMI®®. This has been termed “reverse epidemiology” or
“obesity-paradox” which reflects the understanding that increased body mass index in
patients on dialysis is a pointer towards adequate nutrition status. Some components of
metabolic syndrome confer a high risk for CV events in the general population that
cannot be totally extrapolated to patients with CKD as data in CKD patients are

lacking.

Non- traditional risk factors

A number of studies have shown that traditional risk factors for CVD like the ones
mentioned above, that are likely to be present in the general population do not
necessarily account for the increased prevalence of CVD in patients with CKD. Many
studies and observations in patients with CKD over the years have implicated multiple
non traditional risk factors that are likely to play a causal role that could lead to the

occurrence of CVD in this population.
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Proteinuria:

Albuminuria plays a significant role in the pathogenesis of CVD. Significant trials like
Heart Outcomes Prevention Evaluation (HOPE), Losartan Intervention for Endpoint
Reduction in Hypertension (LIFE) and Prevention of Renal and Vascular End-stage
Disease (PREVEND) have shown significant associations between albuminuria and
CVD events®. Microalbuminuria has been closely linked with the occurrence of CVD
and other cardiovascular alterations like LVH, carotid intima media thickness, and

myocardial ischemia ®"%%°,

In patients with hypertension and Left Ventricular Hypertrophy co- occurrence, the
LIFE study showed that microalbuminuria is an independent risk factor for increased

CV mortality and morbidity .

The HOPE trial showed that, in patients with diabetes mellitus, the presence of
microalbuminuria was linked to an increased risk of occurrence of cardiovascular
events which included acute myocardial infarction, stroke and CVD related and all-
cause mortality.

A number of mechanisms have been proposed for the occurrence of adverse CV
outcomes in diabetic patients with microalbuminuria viz.,

* Patients with microalbuminuria might also have increased prevalence of other co-
existant risk factors.

« Endothelial dysfunction, vascular permeability, and abnormalities in coagulation and
fibrinolysis occur in patients with diabetes "

« Markers of Chronic inflammation might also be associated with microalbuminuria

* Microalbuminuria is also an useful indicator of end-organ damage.

20



The same factors as mentioned above might also be responsible for the occurrence of
CVD events in non-diabetic patients with microalbuminuria. Microalbuminuria can
progress to frank albuminuria in patients with or without DM, and these patients
ultimately progress to decrease in renal function "

As mentioned previously it is important to note that microalbuminuria can identify
patients at risk of progressing to renal insufficiency even before rise in creatinine

occurs.

Anaemia:

Presence of Anaemia leads to hyperdynamic circulation and diffuse vasodilatation,
both of which will ultimately lead to stimulation of neurohormonal system and
subsequently salt and water retention.

Anaemia can result in left ventricular (LV) systolic dysfunction and left ventricular
hypertrophy (LVH) subsequently heightening the risk of cardiovascular morbidity and
mortality in CKD. That LVH is a reliable and acceptable predictor of morbidity and
mortality has been shown in numerous studies ",

I”® and it was

2423 patients with CKD were included in a study by Weiner et a
concluded that the presence of both anaemia and LVH conferred a very high risk for
the occurrence of cardiovascular events like Myocardial Infarction, abnormal cardiac
geometry and cardiac failure. Reduced production of erythropoietin, dietary deficiency
of Iron, increased hepcidin levels due to anaemia of chronic disease are some of the
reasons implicated in the development of anemia in patients with CKD™.

One of the primary aspects in the management of anaemia in this population is

erythropoietin replacement in addition to replenishment of Iron and Vitamin B12
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stores. It has to be considered that increasing haematocrit and haemoglobin levels to a
normal value has been linked with increased CV mortality in patients on hemodialysis
with congestive cardiac failure and ischemic heart disease™.

Anaemia has been long implicated in the pathogenesis of left ventricular hypertrophy
in patients with Chronic Kidney Disease. In one blinded study, correction of anaemia
with recombinant human erythropoietin showed regression of LVH . Anaemia in

CKD can also be inflammatory anaemia that is usually normocytic.

Abnormal calcium phosphate metabolism:

Serum phosphorus has emerged as a significant cardiovascular risk factor in patients
with CKD®. It has also been reported that serum phosphorus even in the normal levels
can result in cardiovascular events in patients with coronary artery disease "° and
Type 2 Diabetes *°
Many studies have shown that the predictive value of a single serum phosphate
measurement for cardiovascular risk is greatest for fasting morning concentrations.
Hyperphosphatemia and hyperparathyroidism were found to be closely linked to all-
cause mortality and Cardiovascular events in patients undergoing hemodialysis &,
Possible pathophysiologic mechanisms that link serum phosphorous to increased risk
of CVD events include vascular calcification and stiffening which in turn results in
pulse pressure increase, reduction in  coronary perfusion pressure, and finally LVH 5.

In addition to phosphorous and calcium, another very significant factor
that has been implicated in the association of increased CVD events with phosphorous
levels is the phosphaturic hormone FGF23 (Fibroblast Growth Factor 23) that is
secreted by osteoclasts ®. Numerous cross-sectional studies across various stages of

renal dysfunction have reported that FGF23, in addition to being a highly sensitive
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biomarker of phosphate toxicity, has also been found to exhibit a direct end organ

toxic effect on the heart .

FGF-23 has been reported to be directly associated with incidence of LVH, vascular
higher LV mass index and LVH, which in turn puts the patients at risk of having
congestive heart failure and arrhythmias®. Many reports have also linked elevated

FGF23 to progression of ESRD and mortality ®.

The Homocysteine in Kidney and End Stage Renal Disease (HOST) study showed
that high FGF 23 levels exceeded all traditional cardiovascular risk factors and
increased the risk of acute coronary syndrome and also all-cause mortality®*. It was
shown that higher FGF23 resulted in defective vasoreactivity, endothelial dysfunction
and increased arterial stiffness . Inhibition of FGF23- Klotho axis as a potential

therapeutic strategy needs to be evaluated.

23



( CKD 1

High FGF-23 Hyperphosphataemia

levels l
l Vasculature

Klotho
deficiency
Heart J
Left ventricular Endothelial dysfunction
hypertrophy or calcification
Congestive Atherosclerosis and
heart failure valvular disease

L» Cardiovascular events 4—)

Figure 5: Patients with CKD often have hyperphosphataemia and high
circulating levels of FGF-23. High levels of FGF-23 might directly induce left
ventricular hypertrophy by stimulating pathological hypertrophic gene
transcription in cardiomyocytes. In parallel, hyperphosphataemia and klotho
deficiency disturb endothelial cell function and augment arterial wall
calcification and valvular disease. These two processes might contribute to the

high burden of cardiovascular events in CKD #°
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Inflammation:

Chronic Kidney Disease is now being increasingly identified as a chronic
inflammatory entity, with defective adaptive and innate immunity . An accumulation
of uremic toxins occurs in patients with CKD which in turn results in a state of
widespread inflammation. Perpetual inflammation leads to malnutrition—
inflammation—atherosclerosis and calcification syndrome that has been linked to
adverse CV outcomes ®8. High levels of fibrinogen, C- reactive protein (CRP), factor
VIllc, factor Vlllic, interleukin 6, plasmin—antiplasmin complex, tumour necrosis factor
a, D-Dimer and low levels of albumin have been detected in CKD patients and have

been implicated in the mediation of CVD %.

Dialysis, which is the cornerstone in the management of patients with ESRD has been
found to only partially remove these toxins. In fact hemodialysis itself has been
implicated in exposing the patients to the risks associated with membrane bio-
incompatibility, long-term indwelling catheters, endotoxin leaks through back-

filtration, and infections®.
Peritoneal dialysis has also been implicated in promoting inflammation by causing an

alteration in the metabolic milieu by increasing glucose level, reducing pH, and by the

presence of glucose degradation products in dialysate®’.
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Regardless of the multitude of mechanisms that initiate and promote inflammation, it
has been proven beyond doubt that chronic inflammation causes vascular injury,

initiating accelerated atherosclerosis™.

CRP which has been found to increase with declining renal function mediates several
key processes in the pathogenesis of atherosclerosis from initiation of plaque
formation, promotion and finally rupture leading to adverse events *. It has been
shown that more than one third of patients with ESRD have increased CRP levels that
put them in the high-risk category for prediction of occurrence of adverse cardiac

events %,

Recently, neutrophil-to-lymphocyte ratio has been added as a marker for CVD events
in patients with CKD. An increased neutrophil-to-lymphocyte ratio has been found to
be independently associated with impaired endothelial function and can also

93

potentially predict the occurrence of CV events *°. High levels of neutrophil

gelatinase—associated lipocalin can predict future CV events in this population %.

Another novel marker, Asymmetric Di-Methyl-Arginine (ADMA) has been shown to
inhibit endogenous nitric oxide synthase (NOS) leading to endothelial dysfunction.
ADMA levels have been shown to increase with declining renal function, and studies
have also shown a positive correlation with high ADMA levels and cardiovascular

events and mortality %
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Muscle wasting and cachexia:
Muscle, fat wasting and cachexia are highly prevelant in both CKD
and Heart failure and is one of the most important risk factors for morbidity and

% Both cardiac cachexia and renal cachexia are

mortality in this population
multifactorial®’.

Reduced nutritional intake secondary to anorexia and decreased
absorption of nutrients are factors that result in muscular atrophy and contribute to
cachexia in patients with CKD and Cardiac failure®. Neurohormonal RAAS pathways
and other inflammatory mediated pathways have also been shown to play major roles

in the sequence of events leading to cachexia. The RAAS, which has been implicated

in the pathogenesis of heart failure and CKD, is an important contributor to cachexia®

Association of CVD with CKD:
There is increased prevalence of CVD events in patients with CKD due to following
reasons:
1. Almost all patients with CKD have concomitant risk factors for CvD *
2. Onits own, CKD is an independent risk-factor for CvD *®
3. The existence of CVD portends a faster reduction in renal function, thus
establishing a vicious cycle *®
4. Myocardial and arterial remodelling form the central pathway in the
pathogenesis of CVD in patients with CKD. Myocardial remodelling

occurs as a consequence of  pressure and volume overload™®.

Chronic Kidney Disease predisposes the patient to both pressure and volume overload.

Pressure overload occurs secondary to increased prevalence of hypertension, Diabetes
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Mellitus, aortic stenosis, arteriosclerosis and anemia, eventually leading to Left
Ventricular Hypertrophy. Volume overload can occur as a result of salt and water
retention, anaemia, congestive cardiac failure, arteriovenous shunting in dialysis and

hypoalbuminemia resulting in left ventricular dilation.

The uremic environment and IHD also produce an increase in myocardial cell
apoptosis that accelerates the cardiomyopathy, resulting in both systolic and diastolic
dysfunction 1%,

Mark et al. ** revealed in their study that LVVH is the main myocardial geometrical
alteration specific to uraemia and other alterations like dilation of LV and systolic

dysfunction are usually secondary to co - existing Ischemic Heart disease.

Alterations in Left Ventricular Geometry in CKD

The prevalence of Left ventricular (LV) mass and geometrical changes and LV
dysfunction progressively increase from stage 2 to stage 5 in CKD '™ LVH
prevalence increases step wise from stage 2 through stage 5 as renal function declines
and 70-80% of patients with chronic kidney disease present with established LVH
which is of the concentric type in the majority 2% 1%,

Structurally, myocardial hypertrophy can be categorised into concentric and
eccentric'®’. The muscular component of the LV (LV wall) prevails over that of the
cavity component (LV volume) in concentric hypertrophy. Due to the increased
thickness and myocardial fibrosis in patients with concentric LVH, there is a reduction
in compliance of the left ventricle and eventually the end-diastolic volume becomes
soo small that it becomes insufficient to maintain cardiac output under dynamic

physiological demands (diastolic dysfunction) *.
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In eccentric hypertrophy, tensile stress elongates myocardiocytes and increases LV
end-diastolic volume *®. The LV walls are relatively thinner and with reduced ability
to contract (systolic dysfunction). Severe anaemia and volume excess are the major

factors that result in eccentric LVH °.

Though nuclear magnetic resonance is the most accurate technique available for
estimating LV mass and function in patients with heart disease, quantitative
echocardiography is even now the most commonly used mode of detecting alterations

in LV mass and function in CKD**.

Persistently increased LV mass along with the occurrence of myocardial fibrosis,
predisposes the patients with CKD to numerous risks. Myocardial fibrosis results in
decreased diastolic compliance thereby impairing diastolic filling. Ventricular
dilatation (dilated cardiomyopathy) can also result as a part of background ischemic
heart disease which can result in systolic dysfunction. Thus, both systolic and diastolic

congestive heart failure can take place.

Hemodialysis itself has also been shown to produce a phenomenon called “myocardial
stunning” wherein regional wall motion abnormalities develop secondary to transient
ischemic events*2. Thus, recurrent episodes of “myocardial stunning” can lead to

significant alterations in cardiac structure, geometry and function.
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The development of LVH and its persistence and severity are very closely associated
with heightened mortality risk™>. It has also been shown in a study by London et al**’
that a 1.0 g reduction in LV mass resulted in a 1% decrease in mortality over 5 years
in a patient cohort who were treated with conventional hemodialysis. Thus it has been

shown that LVVH regression is associated with a decreased risk of mortality.

Different mechanisms that operate concurrently or sequentially in individual patients
have been proposed; Hence dissection of pathophysiological pathways leading to the

occurrence of LVH in patients with CKD is quite complex.

Proposed factors leading to alterations in LV geometry have been broadly
divided into three broad categories **%:

1) Factors pertaining to Afterload (systemic arterial resistance and larger vessel
compliance);

2) Factors pertaining to Pre-load (Anemia, increased extracellular fluid volume, large
flow arteriovenous fistulas); and

3) Non-after-load or Non Pre-load related factors such as metabolic alterations,
cytokines, neurohumoral factors, oxidative stress and inflammmation, and activation

of intracellular mediators by “uremia”.
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Figure 6: Various pathophysiological mechanisms involved in causation of LVH
in CKD

PULMONARY ARTERY HYPERTENSION IN CKD :

Pulmonary hypertension (PH), which is defined by AHA as systolic pulmonary artery
pressure (SPAP) > 25 mmHg at rest as determined by Doppler echocardiography, is a
common co-morbidity in patients with chronic kidney disease (CKD) and end-stage
renal disease with a high but variable prevalence™®®. The prevalence of PHT in
ESRD patients was reported to be around 40-50% in a recent study **. More
importantly, the existence of PH has been linked with high risk of morbidity and
mortality in CKD patients %

In addition, the pathogenesis of PH in CKD has not been well elucidated. Many
different mechanisms have been proposed to play a role: pulmonary artery

calcification as a result of hyperparathyroidism; hemodynamic changes due to

presence of arteriovenous fistula (AVF), endothelial dysfunction due to increased
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oxidative stress from uremic toxins, chronic inflammation *?. In addition to all these
factors, patients with CKD also have concomitant left ventricular disease, chronic lung
disease, thromboembolic conditions, autoimmune conditions like scleroderma and
systemic lupus erythematosus, and liver disease, that are also well-proven risk factors
for developing PH. As a result of this, the World Health Organization (WHO) has
categorized PH due to CKD and end-stage renal disease under WHO Group 5,

“miscellaneous causes”.

CARDIO-RENAL SYNDROME:

The so-called “cardiorenal syndrome” is a complex interplay involving multiple organ
systems predominantly involving the heart and the kidneys. Any overt or covert
affliction of the heart or kidney can adversely involve the other organ and vice versa.
As per the definition proposed by the Consensus conference on Acute Dialysis Quality
Initiative Group the term cardio-renal syndrome (CRS) has been defined as ‘disorders
of the heart and kidney whereby acute or chronic dysfunction in one organ may induce

acute or chronic dysfunction of the other’ 2,

The National Heart, Lung and Blood Institute defines it as “A state in which therapy
to relieve heart failure symptoms is limited by further worsening of renal function”.

More often than not, by the time of clinical presentation, multiple components of the
interconnected network of events get involved. It is not practically possible to
definitely say if kidney or the heart was the first to trigger the sequence events most of
the time. Other than haemodynamic interactions, there are many other factors that are
implicated in the pathophysiology of cardiorenal syndrome, all of which can be

potential targets for management.
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As per the Consensus Conference by the Acute Dialysis Quality Group CRS has been

essentially divided into two main groups, cardio-renal and reno-cardiac CRS, on the

125

basis of the which organ was the initiator of the disease (cardiac or renal) ~*.

Then, both cardio-renal and reno-cardiac CRS are classified again into acute and

chronic, according to disease’s temporal onset. The last type, Type 5 of CRS

integrates simultaneous cardio- renal involvement that is triggered by a systemic

disease like sepsis, etc. '

Table 2: Classification of Cardio-Renal Syndrome (CRS) %

Type Denomination

1 Acute
cardiorenal

2 Chronic
cardiorenal

3 Acute reno-
cardiac

4 Chronic reno-
cardiac

5 Secondary

Description
Heart failure leading
to AKI

Chronic heart failure
leading to CKD
AKD leading to acute
heart failure

CKD leading to heart
failure

Systemic disease
leading to heart and
kidney failure

Example

Acute coronary
syndrome leading to
acute heart and kidney
failure

Chronic heart failure

AKI related uremic

Left ventricular
hypertrophy and diastolic
heart failure due to CKD
Sepsis, vasculitis,
diabetes mellitus,
amyloidosis
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Figure 7: Cardiorenal Syndrome — A complex interplay between Kidneys and the

Chronic
rONOCArdiac syndrome

Heart

Cardio Renal Syndrome- 2

CRS type 2 (CRS2) is described by chronic malfunctioning of the heart leading to
progressive decline in renal function. The temporal link between the heart and kidney
disease happens to be a major facet of the definition. Advancing CKD resulting from
chronic heart failure in congenital or acquired heart disease or from recurrent bouts

of acute decompensated heart failure are some examples of CRS-2.

As has been already alluded to, CKD has been variously reported from 26-63% of
patients with CHF 2" Though numerous research studies have taken place in this
regard, most studies have failed to conclusively demonstrate which of the two disease
processes was primary initiating event, thus presenting challenges when trying to

classify patients into the CRS subtype definitions.
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It has been proposed that chronic renal hypoperfusion may progressively lead to

adverse alterations in renal vasculature; high renal vascular resistance and persistant

activation of hormonal systems all contribute to further impairment of renal function

thus progressing from an initial insult to a increasing fibrosis and sclerosis of the renal

parenchyma %,
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Figure 9: Recurrent Acute Events (Decompensated Heart Failure and/or acute kidney injury)
might play a role in worsening of chronic heart and kidney dysfunction '

Activation of neurohumoral system, hypoperfusion of the kidneys and high venous
pressure, atherosclerosis, inflammation  and oxidative stress together account for
primary pathophysiological mechanisms underlying type 2 CRS . These factors get
triggered during recurrent bouts of acute heart and/or renal decompensation as shown

in figure 7, which eventually results in HF and CKD progression.

CARDIO-RENAL SYNDROME 4

Type-4 CRS termed as chronic reno-cardiac disease, is described as cardiovascular
dysfunction in patients with chronic kidney disease at any stage according to National
Kidney Foundation (NKF) classification’®®. As discussed previously, that renal
dysfunction is an independent risk factor for occurrence of cardiovascular events with

heightened risk of mortality for Acute Coronary events and sudden death in CKD*.

Chronic kidney disease independently hastens ischemic heart disease and makes the

heart susceptible to pressure and volume overload resulting in left ventricular

131

hypertrophy Activation of the neurohumoral system (RAAS pathways), volume
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excess, endothelial dysfunction, anaemia, inflammation and oxidative stress, all of
which lead to functional and structural changes in the heart and vessels **2. A baseline
GFR of less than 60 ml/min—1/1.73m? is independently associated with heightened of

CHF™3, As shown in figure 8 numerous factors can promote cardiac dysfunction in

patients with CKD.
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Figure 10: Pathophysiological mechanisms leading to CRS-4
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DIAGNOSIS OF CVD IN CKD
The definitive triad consisting of symptoms of ischaemia, ECG changes and increased
cardiac biomarkers is unlikely to be encountered in patients with CKD, making a
diagnosis of CAD difficult and demanding. In addition, there also seems to be a dearth
of information on the usefulness of various diagnostic methods in CKD patients
because patients with renal dysfunction have been excluded from major randomised
trials and also in part due to reduced negative predictive value of these tests as a result
of increased CAD prevalence in this population ***
As extensively discussed, structural and functional cardiac abnormalities are highly
prevalent in CKD patients. ECG is the extensively available diagnostic modality in
resource-limited settings. Abnormalities in ECGs are not uncommon and one study
135

reported that 46% of the enrolled CKD patients had some abnormality .

Nevertheless, ECGs can be helpful in detecting LVH and bundle branch blocks.

Two-dimensional (2D) transthoracic echocardiography is also becoming increasingly
available, and can be utilised to detect LVH, regional wall motion abnormalities,
valvular calcification and Ejection fraction but it has to be noted that it is operator
dependent. Reduced exercise tolerance in CKD patients has resulted in low utility of

this modality. Cardiac MRI is particularly useful to detect myocardial scarring.

Coronary artery stenosis can be identified using stress cardiac magnetic resonance
with a sensitivity of 100% and a specificity of 90% but its limitations are high cost,
non-availability and it cannot be used in CKD patients with GFR <30 mL/min/1.73

m?. CT angiography has been reported to have high sensitivity and specificity in

38



normal population but it’s in CKD is limited as presence of significant coronary

calcification precludes it’s use in this population.

The usefulness of myocardial perfusion studies in detecting CKD patients to predict
future risk of CAD was demonstrated in the meta-analysis by Rabbat et al'*.
Pertaining to the use of non-invasive tests based on comorbid illnesses, myocardial

perfusion scintigraphy (MPS) has been found to be better in patients with resistant

hypertension and arrhythmias.

Serum biomarkers that are commonly used in normal, non-CKD population are not
very specific for myocardial necrosis as they have been found to be elevated even in
the absence myocardial necrosis. This increase is because of silent micro infarction

6

and myocardial apoptosis’®® and not secondary to decreased renal clearance as

previously though.

Pertaining to cardiac troponins (cTn), though it was believed that cTn-I is more
specific than cTn-T initially, no guideline recommends superiority of one troponin
over the other. The general consensus has been that serial values as compared to a
single value in non-CKD patients has to be considered for diagnosis of acute

myocardial infarction in patients with CKD.
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Table 3: Usefulness of various diagnostic modalities for diagnosis of

cardiovascular disease in CKD ™'

Diagnostic Modality

Comment

ECG

Has to be done yearly; to look for LVH &

rhythm

Resting Echocardiogram

LV function, RWMA , valvular disease ;

operator dependent

Cardiac SPECT

Sensitivity is variable ; effect of
antihypertensive agensts ; good negative

predictive value

Dobutamine stress echocardiography

More specific than SPECT for CAD;

LVH is confounder; exercise intolerance

Stress CMR

Good sensitivity and specificity; not in

eGFR < 30ml/min/m?

Coronary CT angiography

Not in established CAD/ESRD; higher

burden of coronary calcium confounder

Coronary angiography

Gold Standard; invasive, loss of residual

renal function

CORNERSTONES IN MANAGEMENT OF CVD IN CKD

Aspirin, statins, ACE inhibitors (ACEi) or angiotensin receptor blockers (ARBs) and

B blockers form the corner stone of management of patients with CVD-CKD co-

occurrence. Adequate control of blood sugar and hypertension are most important in

CKD patients. It has to be noted that there is scarce literature on the optimal
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management strategy of this subgroup of patients with CVD-CKD because almost all
the major trials have excluded patients with renal dysfunction. Benefits secured from
standard medical therapy in non-CKD patients cannot be extrapolated to the CKD

population.

Observational studies have reported that optimal drugs are not being used adequately
in patients with CKD. In a study by Berger et al**® on more than 1000 patients on
dialysis, patients with CKD were found not to be treated with optimal medical therapy

though they were found to provide mortality benefit.

Antiplatelets have been the fundamental agents of therapy for CVD with an even in
patients with CKD in almost all studies in literature. A meta-analysis by the
Antithrombotic Trialists’ Collaboration showed that low dose aspirin is as good as
standard dose . There were no increases in major bleeding events independent of the
stage of CKD in The UK Heart and Renal Protection (HARP) study and the Dialysis

Outcomes and Practise Patterns Study (DOPPS).

A recent Cochrane collaboration systematic review in CKD patients across all stages
of CKD showed that antiplatelet agents decreased the risk of myocardial infarction,
but not all-cause mortality, cardiovascular mortality or stroke with

increased incidence of bleeding episodes***.

ACEi or ARBs are one of the cornerstones in patients with cardiovascular disease with
normal renal function. The efficacy of ACEI/ARBs in renal insufficiency was shown
to be undecided as Fosinopril in Dialysis (FOSIDIAL) trial did not show any further
benefit in dialysis patients. A study by Efrati et al *** showed decrease in mortality by

141
|

52% among patients on dialysis. Takayashi et al**~ showed that, Candesartan, an ARB
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was shown to bring down cardiovascular mortality in patients with ESRD. Among
Beta-Blockers, carvedilol was found to reduce mortality and risk of cardiovascular
events in CKD ', In the meta-analysis by Badve et al ***, B blockers were found to
improve all-cause mortality in CKD patients with chronic systolic heart failure across

various stages of non-dialysis CKD patients.

With respect to statins, The Kidney Disease: Improving Global Outcomes (KDIGO)
2013 guidelines recommended that “statin or statin/ezetimibe treatment in adults aged
>50 years with eGFR <60 mL/min per 1.73 m2 but not treated with chronic dialysis
and in those between 18 and 49 years statin therapy is recommended if there are other

risk factors for CvD.”

Initiating statins in patients on dialysis has not been recommended but continuation of
statin therapy if patient is already receiving it has been suggested. Manske et al **
performed the only randomised controlled trial (RCT) until today, comparing medical
and reperfusion techniques way back in 1992 with 26 patients with CKD and insulin
dependent diabetes and with a follow-up of 2 years. Though there was suboptimal
medical therapy in the subjects with only calcium channel blockers and aspirin, there

was substantial benefit with revascularisation therapy *%,

The Coronary Syndrome Israeli Survey (ACSIS) compared different reperfusion
techniques in patients with serum creatinine >1.5 mg% found 30-day mortality was
8.3% in the thrombolysis group as compared to 40% and 29.7% in the primary PCI
and no reperfusion groups respectively™**. Hobbach et al ** had conducted a study on
352 CKD patients with ST segment elevation myocardial infarction (STEMI) and

reported that 30-day and 6-month mortality decreased from 22% to 4% (p<0.03) and
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from 25% to 7% (p<0.05) among those who were subjected to PCI during

hospitalisation.

Most of the recommendations are based on observational data or post hoc analyses

and more studies are further required to optimally manage patients with CVD-CKD

CO-0ccurrence.
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SOURCE OF DATA:

This study was conducted on 64 patients diagnosed with Chronic Kidney Disease with
no clinical features of heart failure attending the General Medicine outpatient section

and inpatients of R.L.Jalappa hospital and research centre Tamaka, Kolar.

METHOD OF COLLECTION OF DATA:

Inclusion criteria:
» Ages Between 18 to 60 years

> Patients with established CKD as defined by CKD-EPI formula (< 60
ml/min/1.73 m?) of more than 3 months associated with elevated serum
creatinine and with or without albuminuria and with or without structural
changes determined by ultrasonography with no features of Congestive cardiac

failure.

Exclusion criteria:
e Prior transplantation
e Acute Kidney Injury
e Systemic or hematogenous malignancy
e Rheumatic Heart Disease & Congenital heart Disease

e Pre-existing cardiovascular disease like myocarditis due to infective aetiology,

primary heart muscle diseases like cardiomyopathies

e Severe comorbid illnesses, such as cirrhosis, HIV disease, and severe (New
York Heart Association class Il or 1) Heart Failure and COPD (MMRC
grade Il or IV)
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Method of collection of data:

This study was conducted on patients attending the general medicine outpatient
section and inpatient of R.L.Jalappa hospital and research centre Tamaka, Kolar
.Consecutive patients, diagnosed to have CKD who satisfy the inclusion and exclusion
criteria were enrolled in the study after obtaining informed consent . A detailed
history with regard to cardiac symptoms such as dyspnea, orthopnea , chest pain and
palpitations were recorded. Physical examination was carried out to detect signs of

cardiac failure and hypertension.

16 cases each of Stage 1 &2, 3, 4 and 5 based on eGFR were included in the final

analysis adding up to a total of 64 to form the study group .

Laboratory investigations to detect elevated urea , creatinine, anemia , calcium and
phosphorous metabolic abnormalities , proteinuria and dyslipidemia were undertaken.

USG of Kidneys was done to measure the Renal size.

Participants were subjected to Chest X-Ray, ECG and Echocardiogram to detect

pericardial , myocardial and endocardial changes .

2D-Trans thoracic Echocardiography machine was used with 3.5 MHz transducer
prob and Two dimensional echocardiography and M- mode echocardiography were
subsequently done on the subjects . The M-mode was recorded perpendicular to the
long axis of and through the center of the left ventricle at the papillary muscle level
was taken as standard measurements for systolic and diastolic wall thickness and other
chamber dimensions. The LVEF was taken as measure of left ventricular systolic
function. Diastolic function was determined by measuring E/A ratio by special
Doppler inflow velocity (E is peak early diastole velocity and A is peak atrial filling

velocity of left ventricle across mitral valve). E/A ratio less than 0.75 and more than
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1.8 was considered as diastolic dysfunction. LVH was diagnosed when
interventricular septum thickness or left ventricular posterior wall thickness was > 12
mm. Left ventricular mass Index were calculated based on the above parameters. Peak
trans-mitral flow E and A wave velocity, E wave deceleration time, were measured

from the apical 4-chamber view

Ejection fraction calculated as:

LV EF (%) = LVVd-LVVs x 100
Normal=59.2+6%(LVVd)

LVVd: Left ventricle volume in diastole

LVVs: Left ventricle volume in systole

Sampling procedure:

An observational cross sectional study was performed. After obtaining approval from
the Ethical Committee Board, consecutive patients, diagnosed to have CKD who
satisfy the inclusion and exclusion criteria were enrolled in the study after obtaining
informed consent. A detailed history with regard to cardiac symptoms such as
dyspnea, orthopnea, chest pain and palpitations was recorded. Physical examination
was carried out to detect signs of cardiac failure and hypertension. CKD patients were
categorised based on eGFR into 4 groups and 18 cases each of Stage 1 & 2
(eGFR>60ml/min/1.73m?), 3 (eGFR 30-59 ml/min/1.73m?), 4 (eGFR 15-29
ml/min/1.73m?) and 5 (eGFR < 15 ml/min/1.73m?) according to CKD-EPI formula

were included in the final analysis adding up to a total of 64 formed the study group.
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STATISTICAL ANALYSIS:

Sample size is estimated by using the formula,

Sample size = Z 1.4 %p (1-p)

d2

Here Z 1.q/2= Is standard normal Variate (at 5% Type 1 error (p < 0.05) it is 1.96 and at

1% Type 1 error (p<0.01) it is 2.58). As in majority of studies P values P value below

0.05 is considered significant and hence 1.96 is used in the formula.
p = Expected proportion based on previous studies or pilot studies.
P=74.40r0.743

g =25.6 or 0.256

d =15% or 0.15

Using the above values at 99% Confidence level a sample size of 72 subjects with

CKD were included in the study.

Considering 10% Non - response a sample size of 65 + 6.7 = 64 subjects were

included in the study.

STATISTICAL METHODS

Descriptive Analysis: Descriptive analysis was carried out by Mean and Standard
Deviation for quantitative variables, frequency and proportion for categorical
variables.

Quantitative outcome:

The association between categorical explanatory variables and quantitative outcome
was assessed by comparing the mean values. The mean differences along with their

95% CI were presented by Independent sample t-test.
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Categorical outcome:
The association between explanatory variables and categorical outcomes was assessed
by cross tabulation and comparison of percentages. Chi square test was used to test

statistical significance.

Linear regression:

The association between quantitative explanatory and outcome variables was assessed
by calculating Pearson correlation coefficient and the data was represented in a scatter
diagram.

Univariate and Multi- variate linear regression analysis were also performed. P value
< 0.05 was considered statistically significant. IBM SPSS version 22 was used for

statistical analysis. ©?
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Table 4: DESCRIPTIVE ANALYSIS OF AGE OF PATIENTS

Age of Patients No. of Patients Percentage
<60 39 60
>=60 25 40
TOTAL 64 100
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Figure 11: AGE OF PATIENTS

<60

Age in Years

The figure and table show that 60% of patients with CKD are below 60 years of age

while 40% of the patients are above 60 years of age.

Table 5: DESCRIPTIVE ANALYSIS OF AGE OF PATIENTS

Parameter

Minimum

Maximum

Mean

Std. Deviation

Age [Years]

46

68

58.16

5.30
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Table 6: ASSOCIATION BETWEEN AGE AND CKD STAGES

. P-Value
Parameter Mean Std. Deviation (ANOVA)
Stage | & 11 60.4 4.9
Stage 11 54.4 3.0
AGE .003
Stage IV 60.1 4.5
Stage V 57.7 6.4

The table shows that there is a significant difference in the age groups of patients in

various stages of CKD. The mean age of CKD Stage | was 60.4 + 4.9 years whereas

it was 57.7 + 6.4 years in CKD stage V.

Table 7: DESCRIPTIVE ANALYSIS OF GENDER OF PATIENTS

Gender of Patients NO. OF PATIENTS PERCENTAGE
Male 40 63
Female 24 37
TOTAL 64 100
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The figure above shows that 63% of patients were males and 37% were females.

Percentage
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Figure 12: GENDER OF PATIENTS

Male

Gender

Female

Table 8: ASSOCIATION BETWEEN GENDER AND CKD STAGES

CKD STAGES P-Value
2
Stage | & Il | Stage 111 | Stage IV | Stage V L
Cases 9 12 9 10
Male
% 56.2% 75.0% 56.2% 62.5%
GENDER .636
Cases 7 4 7 6
Female
% 43.8% 25.0% 43.8% 37.5%

The table shows that there is no statistically significant association between Gender

and various stages of CKD.
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Table 9: DESCRIPTIVE ANALYSIS OF DIABETIC STATUS

Diabetes No. of Patients Percentage
Present 36 56
Absent 28 44

TOTAL 64 100

Figure 13: DIABETIC STATUS
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As shown in the Figure and table above, 56% of our cohort were Diabetics and 44%

were Non-Diabetics.
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Table 10: ASSOCIATION BETWEEN DIABETES AND CKD STAGES

CKD STAGES

P-Value
2
Stage | & 11 | Stage Il | Stage IV | Stage V P4
Cases 12 7 6 11
Yes
% 75.0% 43.8% 37.5% 68.75%
DIABETES .061
Cases 4 9 10 5
No
% 25.0% 56.2% 62.5% 31.25%

The Table above shows that there is no significant association between prevalence of

Diabetes and CKD stages.

Table 11: PRESENCE AND ABSENCE OF HYPERTENSION

Hypertension No. of Patients Percentage
Present 49 76
Absent 15 24

TOTAL 64 100

As shown in the Table 11, 76 % of the cohort were hypertensives.
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Table 12: DESCRIPTIVE STATISTICS OF BLOOD PRESSURE IN CKD

Parameter Minimum | Maximum | Mean S.td'.
Deviation

Systolic BP [mm Hg] 110 180 154.35 14.57

Diastolic BP [mm Hg] 70 100 85.33 8.05

As shown in the Table 12 the mean systolic Blood Pressure of the cohort was 154.3 +
14 mm Hg and the mean Diastolic Blood Pressure was 85 + 8 mm Hg.

Figure 14: HYPERTENSION
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Hypertension

As shown in figure above,76% of our cohort were hypertensives with Blood Pressure
above 140/90 mm Hg.
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Table 13: ASSOCIATION BETWEEN HYPERTENSION(HT)AND CKD

STAGES
CKD STAGES P-Value
2
Stage | & Il | Stage 111 | Stage IV | StageV L
Cases 9 9 16 15
Yes
% 56.2% 56.2% 100.0% 93.75%
HT .001
Cases 7 7 0 1
No
% 43.8% 43.8% 0.0% 6.25%

The Table shows a statistically significant Association between hypertension and

various stages of CKD. The prevalence of hypertension progressively increases from
56.2% in CKD Stage | to 93.7% in Stage V.

Table 14: BODY MASS INDEX

BMI No. of Patients Percentage

<25 57 89

>=25 7 11
TOTAL 64 100
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Figure 15: BODY MASS INDEX
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As shown in the table and figure above , 89% patients had a BMI level below 25

whereas 11% of them were in the overweight category of above 25.

Table 15: ASSOCIATION BETWEEN BMI AND CKD STAGES

CKD STAGES P-Value
2
Stage | & 11| SP9e | S0 | eV X
11 v
Cases 16 16 14 11
<25
% 100.0% 100.0% | 87.5% | 68.75%
BMI .009
Cases 0 0 2 5
>=25
% 0.0% 0.0% 12.5% | 31.25%

The table shows that there was a statistically significant association between various

stages of CKD and Body mass Index.
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Table 16: SMOKING HISTORY

Smoking History No. of Patients Percentage
Yes 23 36
No 41 64
TOTAL 64 100

Figure 16: SMOKING HISOTRY
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As shown in the table and figure, 36% of patients were current smokers whereas 64%

of them were non- smokers.
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Table No.17: ASSOCIATION BETWEEN SMOKING AND CKD STAGES

CKD STAGES

P-Value
2
Stage | & Il | Stage Ill | Stage IV | Stage V L
Cases 3 6 7 7
Yes
% 18.8% 37.5% 43.8% 43.75%
SMOKING .360
Cases 13 10 9 9
No
% 81.2% 62.5% 56.2% 56.25%

The table shows that there was no statistically significant association between

smoking and various stages of CKD.

Table 18: HISTORY OF ALCOHOLISM

History of Alcoholism No. of Patients Percentage
Yes 16 25
No 48 75
TOTAL 64 100
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Figure 17: HISTORY OF ALCOHOLISM

80
70
60
50

40

Percentage

30

20

10

Yes No

History of Alcoholism

As shown in the table and figure above, only 25 % of patients were alcohol users
whereas 75% of the patients did not give history of alcohol intake.

LABORATORY INVESTIGATIONS

Table 19: ALBUMINURIA IN VARIOUS STAGES OF CKD

Albuminuria No. of Patients Percentage
1+ 36 56
2+ 14 22
3+ 14 22
TOTAL 64 100
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Figure 18: ALBUMINURIA
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As shown in the Table 19 and Figure 18 , 56% of patients had 1+ Proteinuria while
22% each had 2+ and 3+ Proteinuria.

Table 20: HEMOGLOBIN LEVELS IN VARIOUS STAGES OF CKD

. P-Value
Parameter Mean Std. Deviation ANOVA
CKD Stage
L& 10.8 .8
HB Stage 111 11.1 1.1 004
Stage IV 11.3 1.0
Stage V 9.9 1.6

As shown in the table above there is a progressive reduction in the haemoglobin level
of patients from CKD Stage | to CKD Stage V (10.8+.8 g/dL to 9.9 + 1.6 g/dL)
respectively. This is statistically significant (P=.004).
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Table 21: SERUM CHOLESTEROL IN VARIOUS STAGES OF CKD

. P-Value
Parameter Mean Std. Deviation ANOVA
CKD Stage
L& 194.4 26.4
S.CHOLESTEROL | Swgelll | 1871 19.6 000
Stage IV 183.6 7.3
Stage V 155.2 13.1

As shown in the table there is a progressive reduction in the serum cholesterol level
from CKD Stage | to Stage V (194.4 + 26.4 to 155.2 +13.1 mg/dL) respectively. This
is statistically significant (P=.000).

Table 22: SERUM HDL IN VARIOUS STAGES OF CKD

. P-Value
Parameter Mean Std. Deviation ANOVA
CKD Stage
L& 36.4 4.0
HDL Stage 11 33.6 3.8 002
Stage IV 29.7 5.3
Stage V 32.3 54

As shown in the table there is a significant difference in the HDL levels in various

stages of CKD from Stage | to Stage V. The difference is statistically significant

(P=.002).
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Table 23: SERUM LDL IN VARIOUS STAGES OF CKD

L P-Value
Parameter Mean Std. Deviation ANOVA
CKD Stage
L& 105.5 16.8
Stage Il1 89.8 12.8
LDL .058

Stage IV 92.8 19.4
Stage V 102.3 22.9

As shown in the table there is no significant difference (P=.058) in the LDL levels in

various stages of CKD from Stage | to Stage V.

Table 24: SERUM VLDL IN VARIOUS STAGES OF CKD

. P-Value
Parameter Mean Std. Deviation ANOVA
CKD Stage
L& 11 28.6 5.9
VLDL Stage 11 27.4 5.3 745
Stage IV 25.9 8.1
Stage V 27.9 9.2

As shown in the table there is no significant difference (P=.745) in the VLDL levels in

various stages of CKD from Stage | to Stage V.

Table 25: SERUM ALBUMIN IN VARIOUS STAGES OF CKD

. P-Value
Parameter Mean Std. Deviation ANOVA
CKD Stage
L& 1] 3.4 .6
S. ALBUMIN Stage 1l 31 7 016
Stage IV 2.9 3
Stage V 2.9 A4
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As shown in the table there is a progressive reduction in the serum albumin level from
CKD Stage | to Stage V (3.4 + .6 to 2.9 + .4 g/L) respectively. This is statistically
significant (P=.016).

Table 26: SERUM CALCIUM IN VARIOUS STAGES OF CKD

. P-Value
Parameter Mean Std. Deviation ANOVA
CKD Stage
L& 9.0 7
S. CALCIUM Stage 111 9.0 .8 000
Stage IV 7.8 .8
Stage V 7.9 5

As shown in the table there is a significant difference in the serum calcium levels in
various stages of CKD from Stage | to Stage V. The difference is statistically
significant (P=.000).

Table 27: SERUM PHOSPHORUS LEVELS IN VARIOUS STAGES OF CKD

L P-Value
Parameter Mean Std. Deviation ANOVA
CKD Stage
L&l 3.4 .6
S.PHOSPHORUs | >tage Il 34 S 000
Stage IV 4.4 5
Stage V 5.9 1.2

As shown in the table there is a progressive increase in the serum phosphorus level
from CKD Stage | to Stage V (3.4 + .6 to 5.9 + 1.2 mg/dL) respectively. This is
statistically significant (P=.000).
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Table 28: GLYCOSYLATED HEMOGLOBIN IN VARIOUS STAGES OF CKD

. P-Value
Parameter Mean Std. Deviation ANOVA
CKD Stage
L& 6.9 .6
HBAL C MEAN Stage 111 6.7 1.1 331
Stage IV 6.7 14
Stage V 7.4 1.4

As shown in the table there is no significant difference (P=.331) in the Glycosylated

haemoglobin levels in various stages of CKD from Stage | to Stage V.
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2D ECHO MEASUREMENTS
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Figure 19: 2D Echocardiogram wall measurements

IVSd =11 mm IVSs= 14 mm
LVIDd = 44 mm LVIDs= 25 mm
LVPWd =11mm LVPWs=17mm

Figures 20: 2D Echocardiogram wall measurements
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Table 29: DESCRIPTIVE DATA OF ECHO CARDIOGRAPHIC FINDINGS

Std.
Parameter Minimum [ Maximum | Mean
Deviation
IVS diastolic mm_ 8 16 12.95 2.65
IVS systolic mm 10 18 14.90 2.53
LV_Mass_[Grams ] 90 299 195.22 [ 65.32
LV_Mass_Index_
52 173 112.17 38.83
[ Gram/sq.M ]
LV _diameter_Systolic
24.8 34 27.11 1.87
[mm]_
LV_diameter_diastolic_[mm] 38 47 42.04 2.43
LA_diameter_[mm ] 35 44 37.94 2.40
Posterior Wall diameter
7 16.4 11.79 2.64
[mm]
Right Ventricle
25.2 31 27.50 1.37
_diameter_[mm)]
Pulmonary Artery systolic
12 35 20.68 6.71
Pressure [mm Hg]
E/A 0.64 1.4 0.84 0.17

The Table shows the overall descriptive statistics of various Echocardiographic

findings in the cohort.
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Table 30: ANALYSIS OF VARIANCE WITH ECHOCARDIOGRAPHIC

FINDINGS IN VARIOUS STAGES OF CKD

Parameters Stage1 & | Stage 3 Stage 4 Stage 5 P value
2 ANOVA
IVSd[mm] 95+1.1 | 12+1.79 | 149+0.64 | 154+0.48 0.000
IVSs[mm] 11.6 + 14+1.27 | 165+11 | 174+034 0.001
0.99
LV MASS [gram] | 116+19 | 163+335| 130+15 161+5.9 0.000
LV s [mm] 25+03 | 266+08 | 27.3+1.2 29+2.3 0.001
LVd[mm] 41+1.7 40+111 | 416+16 | 453+0.79 0.001
L A dia[mm] 36+092 | 36+095 | 376+14 | 415+13 0.000
RV dia[mm] 26.2 + 274+ 27+057 | 29.4+0.96 | 0.001
0.75 0.49
E/A 0.84 + 0.79 + 0.69+0.06 | 1.03+0.19 | 0.001
0.04 0.03
Abbreviations: 1VSd= Interventricular Septal thickness Diastolic. 1VSs=

Interventricular Septal thickness Systolic.LV s= Left Ventricular Systolic
thickness. LV d= Left Ventricular Diastolic thickness.LA dia= Left Atrial

Diameter. RV dia = Right Ventricular diameter.

There is a progressive increase in the echocardiographic abnormalities from early to
late stages of CKD as shown in the Table above. There is a significant increase in Left
Ventricular Mass from stage | to Stage V CKD from 116 + 19 grams to 161 + 5.9
grams. The Left Atrial Diameter increased significantly from Stage | to Stage V from
36 +0.92 mmto 41.5 + 1.3 mm.
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Table 31: LEFT VENTRICULAR HYPERTROPHY (LVH)

LVH No. of Patients Percentage
Present 46 71
Absent 18 29

TOTAL 64 100
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Figure 21: LEFT VENTRICULAR HYPERTROPHY (LVH)

Present

LVH

Absent

In the table and figure above, it is seen that 71% of the patients had Left Ventricular

Hypertrophy.
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Table 32: ASSOCIATION OF AGE WITH LEFT VENTRICULAR
HYPERTROPHY IN CKD

LVH ]
Variable P V";"“e
Absent Present X
<60 10 34
52.6% 75.6% 071
Age NS
9 11
> 60
47.4% 24.4%

As shown in the table above, there is no significant association between Age and Left

Ventricular Hypotrophy (P=.071).

Table 33: ASSOCIATION OF GENDER WITH LEFT VENTRICULAR
HYPERTROPHY IN CKD

LVH .
Variable P V";"“e
Absent Present X
10 30
Male 52.6% 66.7%
. 0 . 0
GENDER 289
9 15 NS
Female
47.4% 33.3%

As shown in the table there is no significant association between gender and left

ventricular hypertrophy (P=.289).
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Table 34: ASSOCIATION OF VARIOUS STAGES OF CKD WITH LEFT
VENTRICULAR HYPERTROPHY

LVH P Value
14 2
CKD 1&2
77.8% 4.4%
4 12
CKD 3
22.2% 26.7% 000
Groups si
0 16 19
CKD 4
0.0% 35.6%
0 16
CKD 5
0.0% 33.3%

As shown in the Table, there is a progressive and significant increase in the incidence
of Left Ventricular Hypertrophy in various stages of CKD from Stage | to V. This is

linked with multiple factors such as salt and water excess, anaemia,

hyperparathyroidism, hyperphosphatemia and hypoalbuminemia.

Table 35: ASSOCIATION OF AGE WITH LEFT VENTRICULAR
HYPERTROPHY IN CKD

. P-Value
Parameter Mean Std. Deviation ANOVA
Group-1 68.3 12.6
Group-2 89.6 16.5
LV MASSINDEX .000
Group-3 132.7 17.6
Group-4 161.2 6.1

There is a significant increase in the left ventricular mass index from Stage | CKD to
Stage V CKD with P =.000 shown in the table above.
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Table 36: ASSOCIATION BETWEEN ALBUMINURIA GRADES AND LEFT
VENTRICULAR HYPERTROPHY

LVH
] P-Val
Variable ? ue
Absent Present X
22 14
1+
64.8% 46.7%
11 3
n 0.000
ALBUMINURIA 32.3% 10.0% Sig.
1 13
3+
2.9% 43.3%

The Table shows the association between various grades of Albuminuria and Left

Ventricular Hypertrophy which is statistically significant (P = 0.000).

EF{Teich)

SV{Teich)

| =rs

Figure 22: Left Ventricular Hypertrophy in One of the patients

73



VENTRICULAR HYPERTROPHY

TABLE 37: ASSOCIATION BETWEEN HEMOGLOBIN LEVELS AND LEFT

. LVH P-Value
Variable )
Absent Present X
10 30
<11
HB 38.5% 78.9% 001
16 8 S
>11
61.5% 21.1%

ventricular hypotrophy (P=.001).

As shown in the table there is a significant association between haemoglobin and left

TABLE 38: ASSOCIATION BETWEEN SMOKING AND LEFT
VENTRICULAR HYPERTROPHY

LVH )
Variable P V";"“e
Absent Present L
4 19
Yes
22.2% 41.3% 152
SMOKING
14 27 NS
No
77.8% 58.7%

As shown in the table above there is no significant association between Smoking and
Left Ventricular Hypotrophy (P=.152).

Table 39: ASSOCIATION BETWEEN ALCOHOLISM AND LEFT
VENTRICULAR HYPERTROPHY

LVH ]
Variable i Vglue
Absent Present L
4 13
Yes
22.2% 28.3% .622
ALCOHOLISM
14 33 NS
No
77.8% 71.7%




As shown in the table there is no significant association between Alcoholism and Left

Ventricular Hypotrophy (P=.622).

TABLE 40: ASSOCIATION BETWEEN HYPERTENSION AND LEFT

VENTRICULAR HYPERTROPHY

LVH ]
Variable i Vglue
Absent Present X
10 39
Yes
52.6% 86.7% .003
HYPERTENSION ]
9 6 Sig
No
47.4% 13.3%

As shown in the table there is a significant association between Hypertension and Left

Ventricular Hypotrophy (P=.003).

TABLE 41: ASSOCIATION BETWEEN DIABETES AND LEFT
VENTRICULAR HYPERTROPHY

LVH )
Variable P V";"“e
Absent Present L
13 23
Yes
68.4% 51.1% 202
DIABETES
6 22 NS
No
31.6% 48.9%

As shown in the table above, there is no significant association between Diabetic

status and Left Ventricular Hypotrophy (P=.202).




Table 42: DIASTOLIC DYSFUNCTION

Diastolic Dysfunction No. of Patients Percentage
Yes 38 59
No 26 41
TOTAL 64 100
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Figure 23: DIASTOLIC DYSFUNCTION

Yes

No

Diastolic Dysfunction

As shown in the Figure above 59% of patients showed evidence of Diastolic

dysfunction of the Left Ventricle.

Table 43: ASSOCIATION BETWEEN DIASTOLIC DYSFUNCTION AND

CKD STAGES
CKD STAGES P-Value
2
Stage | & Il | Stage 111 | Stage IV | Stage V 4
Cases 5 6 11 16
Present
DIASTOLIC % 31.2% 37.5% 68.8% 100.0% 000
DYSFUNCTION Cases 11 10 5 0 '
Absent
% 68.8% 62.5% 31.2% 0.0%
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As shown in the Table, there is a significant association between stages of CKD and

Diastolic Dysfunction. The incidence increases from 31% in Stage | to 100% in Stage

V of CKD.

Figure 24 : Grade Il Diastolic Dysfunction in one of the Patients

Table 44: EJECTION FRACTION IN CKD

Ejection Fraction No. of Patients Percentage
<50 21 33
>=50 43 67
TOTAL 64 100
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Figure 25: EJECTION FRACTION
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The figure shows that systolic dysfunction in the form of reduced Ejection Fraction
below 50% was encountered in 33% of patients while 67% of patients had a normal
Ejection Fraction.
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Table 45: ASSOCIATION BETWEEN EJECTION FRACTION AND CKD

STAGES
2
Stage | & 11 | Stage 111 Stage IV | Stage V P4
Cases 3 6 6 6
<50
% 18.8% 37.5% 37.5% 37.5%
EF .625
Cases 13 10 10 10
> =50
% 81.2% 62.5% 62.5% 62.5%

As shown in the Table there is no statistically significant Association between various

stages of CKD and grades of Ejection fraction.

Table 46: REGIONAL WALL MOTION ABNORMALITY(RWMA) IN CKD

RWMA No. of Patients Percentage

Present 7 11

Absent 57 89
TOTAL 64 100

Figure 26: REGIONAL WALL MOTION ABNORMALITY(RWMA) IN CKD
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As shown in the Figure Regional Wall motion abnormalities are seen in 11% of

patients.
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Figure 27: CORRELATION BETWEEN LV MASS INDEX AND ESTIMATED
GFR
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The graph above shows the strong negative relationship between estimated GFR and

LV mass Index with r = -0.89. It is statistically significant with P=< 0.001.

Figure 28: CORRELATION BETWEEN LV MASS INDEX AND
HAEMOGLOBIN

14 r=-0.31
" Y X I ) oo, P=0.01

Hemoglobin[g/L]

0 50 100 150 200
LV mass Index [ g/sq.M]

The graph shows a weak negative relationship between haemoglobin levels and LV

mass Index with a r value of -0.31. The P value of 0.01.
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Figure 29: CORRELATION BETWEEN LV MASS INDEX AND ESR
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The graph shows a strong positive correlation between ESR and LV Mass
Index with a r value of + 0.68. This is statistically highly significant with P value of
0.000.

Figure 30: CORRELATION BETWEEN LV MASS INDEX AND SERUM

CALCIUM
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The graph above depicts a moderate negative relationship with r = -0.55 between

serum calcium levels and LV mass Index. The P value was 0.000.

81



Figure 31: CORRELATION BETWEEN LV MASS INDEX AND SERUM

PHOSPHORUS
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The graph shown above reveals a highly significant Positive correlation of + 0.75

between serum Phosphorus levels and LV mass Index with a P value of 0.000.

Figure 32: CORRELATION BETWEEN LV MASS INDEX AND SYSTOLIC

BP
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The graph shown above represents a strong positive correlation of +0.66 between
Systolic Blood Pressure and LV Mass Index. It was statistically significant with a P
value of 0.000.
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Figure 33: CORRELATION BETWEEN LV MASS INDEX AND DIASTOLIC
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The graph shown above represents the weak positive correlation of + 0.33 between
LV mass index and Diastolic Blood Pressure with a significant P value of 0.001.

Figure 34: CORRELATION BETWEEN LV MASS INDEX AND
PULMONARY HYPERTENSION
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The figure 5.20 shows the high correlation of Pulmonary Hypertension and Left

ventricular mass Index.
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Figure 35: CORRELATION BETWEEN LV MASS INDEX AND SERUM
BICARBONATE
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The Figure 5.21 shows moderate Negative correlation of serum Bicarbonate with LV

Mass Index with a r value of -0.31. It is statistically significant with P value of 0.01.

Table 47: MULTIPLE REGRESSION ANALYSIS OF VARIOUS RISK
FACTORS

LINKED TO LV MASS INDEX

Standard

Parameters Coefficients | Error tStat | P-value
eGFR* -0.990 0.117 -8.444 | 0.000*
S.ALBUMIN -3.741 3.869 -0.967 0.338
S.CALCIUM 1.546 2.819 0.548 0.586
S.PHOSPHOROUS* 8.090 2.425 3.336 | 0.0028*
HEMOGLOBIN -2.457 1.811 -1.357 0.180
S. BICARBONATE 0.771 1.094 0.705 0.484
Systolic BP 0.070 0.147 0.478 0.634
Diastolic BP -0.199 0.306 -0.651 0.518
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A multiple regression analysis taking LV mass Index as dependent variable and
Multiple non traditional risk factors such as Estimated GFR, Serum Albumin, Serum
calcium, Serum Phosphorus , Hemoglobin and Serum Bicarbonate was carried out . It
can seen from the Table above that Estimated GFR and serum Phosphorus levels

showed a statistically significant association enabling prediction of LV mass Index.
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DISCUSSION
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DISCUSSION

In this prospective study we analysed subclinical echocardiographic abnormalities in
CKD and the link between various traditional and non traditional risk factors in the

causation of cardiovascular events in CKD.

Age is a traditional risk factor for cardiovascular disease in CKD. In our study more
than 40% of the cohort of patients were aged above 60 years. In the Framingham
offspring cohort study it was found that age and cardiovascular disease were
positively correlated in CKD patients as shown by Parikh et al.**®. The mean age of
our cohort was 58 + 5 years where as in the Indian CKD registry the mean age was

reported as 50 years + 14 years as shown by Rajapurkar et al **".

The Gender based prevalence of CKD is similar to data from CKD Registry of India
where a 70; 30 pattern of male; female incidence of Chronic Kidney disease was
shown by Rajapurkar et al .**'Gender differences exist in various diagnostic categories
of CKD such as Hypertensive nephrosclerosis and glomerulonephritis where male
predominance is seen. In diseases such as Systemic Lupus Erythematosus, female

predominance is common.

Diabetic Nephropathy is the commonest cause of CKD in Indian Population in the
CKD Registry as shown by Rajapurkar et al.**’. More than 30% of Type 2 Diabetic
patients are at risk of developing CKD and being a diabetic is a coronary risk

equivalent'*’.
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Hypertension a traditional risk factor for cardiovascular disease in CKD. Progression
of CKD and Major cardiovascular events are strongly related to Blood Pressure in
CKD Patients as shown in the UKPDS study. Adler et al, have shown that for every
10 mm Hg reduction in Blood Pressure , there was a 15% reduction in risk related to
all cause and cardiovascular mortality.**® Intensive Blood Pressure lowering reduces
the Major cardiovascular events in CKD patients. Lv Jicheng et al., have shown that
hypertension is resistant in CKD requiring multiple drugs to reduce it to Goal Blood

Pressure 14

CKD patients show higher cardiovascular mortality with lower BMI and malnutrition.
This trend is known as the reverse epidemiology where obesity is shown to be a
protective factor for survival of dialysis patients. Kamyar Kalantar-Zadeh et al., have
shown that obesity is a protective factor to improve survival in dialysis patients. **°
The proposed hypothesis implicates several factors such as better nutrition and anti-

endotoxin action of lipoproteins.

Smoking is a major risk factor for both acceleration of progression of CKD and
cardiovascular disease. Nakamuro et al., have shown that the hazard ratios in male
current smokers with CKD were 2.26 for all-cause mortality and 2.66 for

cardiovascular diseases, respectively®".

The link between alcohol use and CKD is controversial with evidences both for and
against. Cheungpastiporn et al, have shown in a meta - analysis an inverse association

between alcohol consumption and risk of development of CKD in males.
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Albuminuria is a non - traditional risk factor for cardiovascular morbidity in CKD.
McQuirre et al have shown that albuminuria is independently and significantly
associated with left ventricular mass in patients with CKD in a study involving cardiac
MRI. This relationship was independent of blood pressure thus highlighting a non-

traditional risk between CKD cardiovascular disease'®.

CRP is a marker of inflammation and various studies have correlated high CRP levels
with inflammation and cardiovascular disease in CKD. Georgi Abraham et al., have
shown that elevated CRP was elevated in 67% of patients in the CKD cohort. It was

correlated with low serum albumin levels, anemia and Diabetic status™*.

ESR is a known a surrogate marker of Inflammation. In our study high ESR positively

correlated with LV mass Index.

In the study by Ladda et al., Left ventricular hypertrophy was seen in 71% of patients

OF CKD by echocardiogram™®

When Doppler flow signals are obtained from the mitral annulus during diastole, 4
distinct phases could be delineated. Phase 1 denotes the Isovolemic relaxation. Phase
2 denotes the Early filling phase. Upto 70-85% of Left ventricular filling occurs
during this phase. The tissue doppler velocity at this phase is denoted by E in the
dopplewr recordings. Phase 3 is the diastatsis. In the 4 th phase, atrial contraction
where upto 15-20% of LV filling occurs. The E/A ratio is a marker of diastolic

function of the left ventricle of the heart.
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It represents the ratio of peak velocity blood flow from gravity in early diastole (the E
wave) to peak velocity flow in late diastole caused by atrial contraction (the A wave).
When the LV diastolic function is normal, E > A. In Grade 1 Diastolic Dysfunction
the atrial flow velocity is more than early filling velocity at the mitral annulus thus
showing a E< A pattern. In Grade 2 Diastolic Dysfunction, a pseudonormal pattern
develops where E: A is apparently normal. However, by pulmonary vein pulse wave
doppler, it can be shown that the relaxation pattern is abnormal (systolic blunting, a
decrease in the height of the S wave). In addition, performance of a valsalva
manoeuvre will result in unmasking of the pseudonormal state.In Grade 3 Diastolic
Dysfunction denoted as restrictive filling , E:A is > 2. Ali Ahmed et al., have shown
that Diastolic dysfunction is a better marker than Systolic dysfunction for predicting
mortality in CKD patients™®. In the study conducted on Indian patients, Laddha et al.,
has shown that systolic and diastolic dysfunction were seen in 24% and 61% of
patients with CKD respectively™. Both systolic and Diastolic cardiac dysfunction are
associated with worsening levels of CKD as shown in our study which is similar to

study carried out by Ahmed et al. **°.

Andrew House et al., have shown that more than 40% of patients with advanced CKD

have heart failure which is manifested as reduced ejection fraction **.

Regional wall motion abnormalities are common in CKD patients on hemodialysis.
This phenomenon is called myocardial stunning and is the forerunner to uremic
cardiomyopathy characterised by reduced cardiac systolic function as described by

A.Covic et al **8
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In the analysis of Chronic Renal insufficiency cohort by Navaneethan et al.,
Pulmonary artery hypertension is associated Left Ventricular hypertrophy. It was
associated with higher risk of death and cardiovascular events. In our study, there was
a highly significant correlation of Pulmonary arterial systolic Pressure and LV mass

Index*®°.

Anemia is a non - traditional risk factor for cardiovascular morbidity in CKD patients.
Adeera Levin has explained the pathophysiologic link between anemia and Left

ventricular hypertrophy™°.

A study conducted in Taiwan by Chang et al., enrolled 415 patients for longitudinal
follow up. It showed that co - existence of anemia and LVH independently predicted

faster GFR decline and worse cardiovascular prognosis®*.

There is a progressive and significant increase in the incidence of Left Ventricular
Hypertrophy in various stages of CKD from Stage | to V. This is linked with multiple
factors such as salt and water excess, anemia, hyperparathyroidism,

hyperphosphatemia and hypoalbuminemia.

Similar to our study which showed a positive association between Left ventricular
mass and calcium Phosphorus abnormalities, Sonkar et al., studied the impact of
serum levels of calcium Phosphorus levels on the cardiac function in CKD patients.
Diastolic dysfunction was present in 48.8% of the cases and was significantly
associated with serum phosphorus and calcium-phosphorous product, but not with

Vitamin D level.
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They concluded that Hyperphosphatemia and high calcium-phosphorous product can
be a better early predictor of diastolic dysfunction than Vitamin D while secondary
hyperparathyroidism with increased Left Ventricular Mass may be a bad prognostic

162

marker Hyperphosphatemia is linked to left ventricular hypertrophy and

dysfunction in various stages of CKD in multiple studies 163164165166

In our study Serum Bicarbonate was negatively correlated with LV mass Index. In the
longitudinal follow up of elderly CKD population Dobre et al., found that high rather

than low serum bicarbonate levels were associated with cardiovascular mortality™’.

Major et al., recently conducted a meta-analysis of non-traditional risk factors in
cardiovascular events in CKD. The review of 27,465 individuals and 100,838 person-
years it was revealed that in addition to established traditional general population
cardiovascular risk factors, left ventricular hypertrophy, serum albumin, phosphate,
urate and hemoglobin were all found to be statistically significant in their association
with future cardiovascular events'®®. These findings are in agreement with our study

findings.
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SUMMARY
AND
CONCLUSION
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SUMMARY

We performed a Prospective Observational study of various traditional and non-
traditional cardiovascular risk factors in CKD and their impact on echocardiographic

measurements of cardiac function.

e The mean age of our cohort was 46 years + 5 years. 60% of the patients were

below the age of 60 years whereas 40% were above the age of 60 years.

e Men constituted 63% of the study population while females constituted 27%.

e The mean Body Mass Index was 22 + 2.4.

e 56% of the patients were diabetics and 76% were hypertensives.

e 36% were smokers and 25% consumed alcohol regularly.

e 54% of patients had low Hemoglobin levels below 11 %.

e Only 14% were having hypercholesterolemia highlighting reverse causality of
low cholesterol levels with higher cardiovascular mortality in late stages of

CKD.

e Only 1.5 % of patients were shown to have high LDL levels above 125 mg /d
L again pointing towards the role of malnutrition in cardiovascular

pathogenesis.

e 65% of the patients were having low HDL levels.

e Serum albumin levels were less than 3 g/ d L in 60% of patients with Protein

Energy Wasting and higher risk of CV morbidity and mortality.
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22% were  with Nephrotic range proteinuria which is again a major non-

traditional risk factor.

Diastolic dysfunction was a major Subclinical Echocardiographic finding in

31% of Stage | CKD and 100% of Stage V CKD.

Systolic dysfunction was seen in 18% of CKD Stage | patients and 37% of

Stage V CKD patients.

LVH was seen in 71 % of patients constituting a heavy burden of

cardiovascular events in this cohort.

The following had positive association with LVVH. Traditional risk factors such

as High systolic BP, Diabetic status and Smoking status .

Non-traditional risk factors such as Estimated GFR, ESR, Anemia,
Albuminuria, hyperphosphatemia, Hypocalcemia, Metabolic acidosis and
elevated C-Reactive Protein were shown to be significantly associated with

Left Ventricular Mass Index by Univariate analysis.

In Multivariate analysis , it was shown that Estimated GFR  and

Hyperphosphatemia were significant predictors of Left ventricular Mass Index.
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CONCLUSION

It has been observed that subclinical echocardiographic abnormalities are common in
CKD patients. Both traditional and many potentially modifiable Non-traditional risk
factors have shown significant correlation with several Echocardiographic

abnormalities.

In our study we found that Hypertension, Anemia , Estimated GFR, Serum calcium,
Phosphorus levels and Albuminuria were such factors. These have to be addressed at
multiple levels by Blood Pressure Control, Iron and Erythropoietin therapy for
anemia, Phosphate restriction and Phosphate binders, correction of anemia with both
Iron and Erythropoietin supplements and Lastly reducing the Inflammatory status of
High CRP levels with regular dialysis. It can be concluded that the cardiovascular
Prognosis can be considerably improved if such multi-pronged approach is undertaken

to address the risk factors from an early stage of CKD.

*kkkk
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ANNEXURES

PROFORMA FOR DATA COLLECTION

TITLE : SUBCLINICAL CARDIAC ABNORMALITIES IN VARIOUS
STAGES OF CKD

NAME: IP NO:

AGE:

SEX:

ADDRESS:

OCCUPATION:

DETAILED HISTORY:

GENERAL PHYSICAL EXAMINATION:

PULSE:

BLOOD PRESSURE:



JVP:

PALLOR:

PEDAL EDEMA:

SYSTEMIC EXAMINATION:

CARDIOVASCULAR EXAMINATION:

RESPIRATORY EXAMINATION:

PER ABDOMINAL EXAMINATION:

CENTRAL NERVOUS SYSTEM EXAMINATION:

LABORATORY DATA:



» HbAlc

» Fasting lipid profile.
> Renal function tests

» Complete blood count
» Urine analysis

» Serum Calcium

» Serum Phosphorous
» CRP

1. ECG

2. ULTRASOUND ABDOMEN : Kidney Size and echotexture :

3. ECHOCARDIOGRAM
i. Interventricular Septum Thickness :

ii. Ejection Fraction :
iii. Systolic Dysfunction :

iv. Diastolic Dysfunction (e/A Ratio) :

INFORMED CONSENT FORM



STUDY TITLE: SUBCLINICAL CARDIAC ABNORMALITIES IN VARIOUS STAGES
OF CKD

STUDY NUMBER:

SUBJECT’S NAME: HOSPITAL NUMBER:

AGE:

Detecting cardiac abnormalities before they clinically manifest as breathlessness and heart attack in early
stages of CKD will help us understand the disease better and will throw light on ways to prevent such
occurrence. It is hoped that the knowledge of subclinical cardiac abnormalities in CKD might be useful
for early identification of patients at high risk of cardiovascular morbidity and hence help us in managing
such patients better .

We will be subjecting you to routine blood investigations , USG Abdomen and 2D ECHO as part of this
study .

If you agree to participate in the study we will collect information (as per proforma) from you or a person
responsible for you or both. We will collect the treatment and relevant details from your hospital record.
This information collected will be used for only dissertation and publication. The institutional ethical
committee has reviewed this study. The care you will get will not change if you don’t wish to participate.
You are required to sign/ provide thumb impression only if you voluntarily agree to participate in this
study.

| understand that | remain free to withdraw from the study at any time and this will not change
my future care. | have read or have been read to me and understood the purpose of the study, the
procedure that will be used, the risk and benefits associated with my involvement in the study and the
nature of information that will be collected and disclosed during the study. | have had the opportunity to
ask my questions regarding various aspects of the study and my questions are answered to my
satisfaction. I,the undersigned agree to participate in this study and authorize the collection and disclosure
of my personal information for dissertation and publication only.

Signature or thumb impression of the subject: Date:

Name and signature of the witness: Date:



SBP
DBP
ESR
EF
RBS
HDL
LDL
VLDL
eGFR
CRP
IVSd
IVSs
LVs
Lvd
LA dia
PASP

RV dia

KEY TO MASTER CHART

Systolic Blood Pressure
Diastolic Blood Pressure
Erythrocyte Sedimentation Rate
Ejection Fraction
Random Blood Sugar
High Density Lipoprotein
Low Density Lipoprotein
Very Low Density Lipoprotein
estimated Glomerular Filtration Rate
C-Reactive Protein
Interventricular Septal thickness Diastolic
Interventricular Septal thickness Systolic
Left Ventricular Systolic thickness
Left Ventricular Diastolic thickness
Left Atrial Diameter
Pulmonary Artery Systolic Pressure

Right Ventricular diameter
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2 (371592 58 | FEMALE [166| 62 | 22.5 [110{180( 90 |[YES| YES |NO|NO| 8 |[11340|30(184| 220 |20 50 |20[6.5| 6.5 |HIGH[3.6|136|5.2| 24 | 7.8 | 6.4 7 3+ 16 18 [283| 163 | Present| 29.8 | 45.5 | 40 | 14 | 29 | Present [60% nil 32
3 [461116| 56 | MALE [168( 64 | 22.6 | 88 [150( 90 |YES| YES |YES|NO| 7.8 | 9800 |45 [197| 210 |36 96 |22 (8.3| 6.5 |HIGH[2.8|132|5.6| 24 | 7.2 | 7.2 [75] 3+ 16 18 [299| 173 | Present| 27 46 41 | 15 | 30 [ Present |60% nil 20
4 |452477| 58 | FEMALE |156( 66 | 27.1 | 84 |160( 94 |YES| YES [NO|NO| 8.9 | 13200 | 45170 200 |28 [120|35|6.6| 6.4 | LOW [2.9]128|5.4| 20 | 7.8 | 54 (8.4 2+ 15 [ 17.5 [264]| 156 | Present| 26 44 40 | 15 | 30 [ Present |60% nil 28
5 |478882| 52| MALE [158)64 | 25.3 |[112|160| 94 [YES| YES |YES|NO| 11 |14300 |45 [120| 198 |32|124|40|7.9| 7.2 [LOW [3.8(135|5.5| 18 [ 84 | 4.8 |8.8| 1+ 15 [ 17.5 [251] 150 | Present| 25 44 39 | 14 | 28 | Present |30% nil 30
6 [467412| 64 | MALE |164(58| 21.5 | 72 [140( 84 |YES| YES |YES|NO| 10 | 8400 |40 [159| 180 |35100|25(7.9| 6.5 |LOW [3.2|132|5.4| 19 | 88| 6.4 [7.6] 1+ 16 | 17.2 [262]| 153 | Present| 29 45 40 | 14 | 31 | Present |60% nil 22
7 |530846| 66 | MALE [168|68| 24 | 76 [150| 72 [YES| YES |YES|NO| 13 | 8600 |64 [164| 198 |38 |98 |22|6.8| 7.7 [LOW [2.8(134|5.2| 18 [84 | 7.2 |7.2| 3+ 16 | 17.5 [282] 158 | Present| 32 46 42 | 14 | 31 | Present |60% nil 20
8 [559444|56 | MALE [164[ 66| 23.9 | 72 [144| 76 |YES| YES |NO|NO| 10 | 9600 |40 [166| 196 |30 [110|36(4.8| 13 |HIGH[2.5|133|5.2| 22 | 7.8 | 7.4 [7.7| 3+ 16 17 |284| 164 | Present| 30 47 43 | 13 | 30 [ Present |60% nil 25
9 [553981| 58 | MALE [162[56| 21 [112[168| 84 |YES| YES |NO|[YES| 7.6 | 8450 | 22 [170| 194 |28 [140|42[4.2| 15 |HIGH[2.9|132| 5 [ 19 | 75| 6.8 9 1+ 15 18 [288| 168 | Present| 28 44 43 | 16 | 29 | Present |30% nil 35
10 (678882 65 | MALE |164[54 | 20 |110{156| 80 [YES| YES |YES|NO| 7.8 | 5600 | 18 [150| 168 |42 (122|38|4.5| 13 |LOW| 3 |131]|4.5( 20 | 7.8 4 9.5| 3+ 15 | 17.2 [256]| 158 | Present| 27 45 42 | 14 | 29 | Present |60% nil 28
11 (530564 | 62 | FEMALE |156| 60 | 24 |108[144| 84 [NO| YES |NO|NO| 12 | 7200 | 10 158 172 |32[135[/32|6.7| 6.1 | LOW |2.6(130|5.2| 22 [ 8.4 | 3.8 |56 2+ 16 | 17.4 [262]| 162 | Present| 28 45 44 | 14 | 28 | Present |45% nil 30
12 [560240| 67 | FEMALE |154| 54 | 22 |120{138[ 88 [NO| YES |NO|NO| 11 | 5680 | 10 (142 190 |30 [122|35|5.4| 7.6 | LOW |2.5/135|5.4| 23 [ 85| 6.8 |58 2+ 14 | 17.5 [250| 159 | Present| 28 45.5 | 42 | 14 | 29 | Present [60% nil 25
13 (555514 | 58 | MALE [155[ 68| 28 | 96 [166| 82 [YES| YES |YES|NO| 10 | 6480 | 18 (172 196 |36|98 [ 15|6.6| 8.4 |HIGH|3.2|134|5.2| 21 [ 7.8| 58 |7.5| 3+ 16 | 17.2 [275| 165 | Present| 34 45.6 | 42 | 14 | 30 | Present [45% nil 32
14 (556265 52 | MALE [158| 68| 28 | 88 [164| 76 [YES| YES |NO|YES| 9.4 | 7250 | 15 (178 196 |38 |96 |[20|6.6| 8.8 |HIGH|3.5/137|5.4| 20 [ 7.2 | 6.4 |86 1+ 15 17 |272| 157 | Present| 29 45.2 | 42 | 15 | 31 | Present [60% nil 20
15 (556265 | 48 | FEMALE |164| 58 | 21.5 | 88 [156[ 90 [NO| YES |NO|NO| 10 | 5600 |22 ({190 198 |28 |84 [22|6.1| 7.5 |HIGH|2.4|138|5.2| 20 [ 7.8 | 55 |5.6| 1+ 15 18 [266| 167 | Present| 28 45.8 | 40 | 14 | 29 | Present [30% nil 35
16 (461234 46 | MALE |158| 64 | 25.6 | 84 [152 90 [NO| YES |YES|NO| 12 | 6450 | 14 ({220 200 |32 |88 |[15|8.5| 6.8 |HIGH|2.5/128|3.8| 18 [ 8.4 | 4.2 |4.8| 1+ 16 | 17.2 [276] 165 | Present| 32 45.5 | 42 | 15 | 28 | Present [60% nil 25
17 [ 74928 | 56 | MALE [170( 68| 23 | 88 [168[ 94 [NO| YES |NO|NO| 11 | 8600 |24 (250 184 |30| 72 |18 |3.5| 18 |LOW| 3 [128|4.5| 22 [ 75| 4.8 |6.5| 3+ 16 | 17.5 [280| 164 | Present| 30 45.5 | 40 | 14 | 27 | Present [60% nil 24
18 [ 27218 | 55 | FEMALE |158| 72| 28 | 88 [160[ 96 [NO| YES |NO|NO| 10 | 7450 | 25 (270 182 |30| 80 [10|2.5| 20 |LOW |3.5/130|4.8| 25 [ 7.8 | 4.8 |6.4| 3+ 15 | 17.5 [286]| 168 | Present| 29.2 | 45.8 | 42 | 15 | 27 | Present |42% | present | 25
19 (174268 60 | FEMALE |160| 66 | 25 [100{150[ 90 [NO| YES |NO|NO| 9.8 | 2800 | 26 ({158 194 |45 |84 [18|2.1| 25 |LOW |2.8|131|5.2| 26 [ 8.4 | 44 |6.2| 1+ 16 18 [250| 146 | Present| 31 42 38 | 15 | 27 | Present |50% nil 32
20|604161| 56 | MALE |170|66 | 22 | 84 |154| 84 |YES| YES [NO|NO| 13 | 6500 |28 |190| 172 (32|86 |20|2.8| 24 [HIGH|2.7[132(5.5| 27 | 7.8 | 4.6 |8.4| 2+ 16 18 [269| 152 | Present| 27 43 38 | 15 | 27 | Present |40% nil 27
21| 77450 [ 58 | MALE |174|68| 22 | 88 |152| 88 |YES| YES [NO|YES| 11 | 8640 [22|132| 178 (28|78 |25|2.7| 25 [HIGH|2.5[135[5.4| 25 | 7.5 | 4.8 |8.6| 2+ 16 18 [252| 139 | Present| 26.4 42 38 | 14 | 27 | Present |45% nil 25
221282791| 55| MALE |172]|65| 21.9 | 84 |164|100|YES| YES |YES|YES| 13 | 4750 [10|147| 186 (22|74 |25| 3 | 22 [LOW| 3 [136(5.5| 22 | 6.8 | 4.6 |7.2| 1+ 15 [ 17.5 [215] 122 | Present| 26.8 40 38 | 14 | 27 | Present |60% nil 28
23304427 64| MALE |164|67| 24 |76 |166| 88 |[NO| YES |[YES|NO| 13 | 5600 | 8 |154| 184 [25|120{38|3.1| 20 [LOW [3.2]{137(5.8| 18 | 6.8 | 54 |56[ 3+ 15 18 229 131 | Present| 27.2 41 38 | 14 | 27 | Present |60% nil 22
24| 81154 | 65 | FEMALE |162| 66 | 21 | 80 |170| 84 [NO| YES |YES|NO| 13 | 6200 |20 |215| 164 |[24|122[35]2.9| 16 |LOW |2.5(130(5.2| 23 [ 7.4 4 58| 3+ 14 | 17.5 [215] 119 | Present| 27.8 42 36 | 13 | 27 | Present |50% nil 18
25]280198| 66 | MALE |168|56 | 19 |84 |172| 86 |[NO| YES [NO|NO| 11 | 7500 |22 |312| 184 [28|142|42|3.3| 19 [LOW [2.5[135[5.8| 20 | 7.5 | 3.8 |4.8[ 1+ 14 15 |215( 114 | Present| 27.5 42 38 | 13 | 28 | Present |45% nil 14
26| 49655 | 68 | FEMALE |178| 60 | 18 | 88 |170{100|{NO| YES [NO|NO| 12 | 8600 |25|335| 188 [32|85|22|2.5[ 19 [LOW| 3 [134[5.5| 23 | 75| 3.5 |5.6] 3+ 15 16 |229| 128 |[Present| 26.5 | 41.8 | 38 | 14 | 28 | Absent [45% nil 16
2775220 [ 62| MALE |172]|66 | 22.3 |84 |156| 80 |[NO| YES [NO|NO| 11 | 7250 |24 |148| 184 (33|88 |28|3.1| 21 [HIGH|2.4|136(4.5| 22 | 7.4 | 4.2 |58| 2+ 15 | 16.2 [243| 137 | Present| 27.4 | 42.7 | 38 | 14 | 27 | Absent |45% | present | 25
281287028 60 | FEMALE |172]| 66 | 22.3 | 84 |154| 88 |[NO| YES |[YES|NO| 11 | 8700 |22 |172| 190 (30|86 |22|2.3| 22 [HIGH|3.5{132(4.2| 19 | 7.8 | 4.56 |5.8[ 2+ 14 | 15.5 [218| 123 | Present| 27.5 | 41.5 | 36 | 13 | 27 | Absent |50% nil 25
29 302955| 66 | MALE |168|68| 24 | 84 |158| 84 |[NO| YES |[YES|NO| 11 | 7500 |26 |174| 184 (28|80 |28|2.8| 23 [HIGH| 3 [133(4.2| 22 | 74| 4.8 |54| 1+ 15 [ 15.5 [209]| 117 | Present| 27 40 36 | 13 [ 27 | Absent |50% nil 24
30|287045| 60 | MALE |164|64| 23 | 88 |154| 90 |YES| YES |[YES|NO| 12 | 12560 | 28 |158| 188 (28|98 |25|2.4| 28 [HIGH|2.8{135(4.5| 22 | 84 | 4.4 |85| 3+ 15 15 |207( 121 | Present| 27.4 38 36 | 14 | 27 | Present |60% | present | 28
31288246 | 56 | FEMALE |164| 68 | 24.1 |110|134| 96 |YES| YES |YES|YES| 11 | 13250 (22 |172| 186 (26|94 |26|2.1| 25 [LOW [2.4[136(4.8| 24 | 9.2 | 4.5 |9.2| 2+ 15 16 |237| 135 | Present| 25.4 42 37 | 14 | 28 | Present |50% nil 24
32280198 55 | FEMALE |166| 56 | 20.7 |100|148|100|YES| YES [NO|YES| 12 | 11000 |18 |178| 190 (34|96 |32|2.3| 23 [LOW [2.8]{132(4.8| 23 | 9.8 | 3.5 8 1+ 14 15 |201| 107 | Present| 26.8 | 40.5 | 37 | 13 | 28 | Absent |50% nil 22
33]260765| 58| MALE |168|64 | 22 | 84 |144|100|{NO| YES [NO|NO| 12 |12678 [15|194| 172 (38|88 |24| 2 | 35 [LOW [2.8]133(4.5| 23 | 9.2 | 3.6 |54| 2+ 14 15 [238| 126 | Present| 27.2 39 36 | 13 | 28 | Present |50% nil 22
341243388| 60 | MALE |162]|56 | 21.3 | 88 |156| 90 [NO| NO [NO|NO| 12 | 8430 [10|152| 156 (32|78 |28|1.9| 36 [LOW| 3 [134(4.8| 25 | 7.8 | 3.8 |49| 1+ 13 15 [175] 93 Present | 27.8 | 40.2 | 36 | 12 | 28 | Absent |45%| present | 22
35]272332| 55| MALE |168)58 | 21.5 |100|164| 84 |[NO| NO [NO|NO| 11 | 5600 |15|148| 154 [42]100|40|1.7| 46 [LOW [4.2]135[4.2| 23 | 7.8 | 2.8 5 1+ 14 15 |201| 107 | Present| 25.8 | 40.1 | 36 | 13 [ 27 | Absent [45% nil 20
36 |284090| 54 | MALE |168|56 | 19.8 |110|168| 84 |YES| YES |NO|NO| 8.4 | 5870 |14 |150| 158 [32|120(32|1.7| 45 |LOW |4.5(138|4.2| 22 | 8.8 3 75| 2+ 14 15 |175( 94 Present | 26.4 39 36 | 12 | 27 | Present |50% nil 25
3778399 [ 56| MALE |174]|64 | 21.1 |120|154| 88 |YES| YES |NO|YES| 11 | 6500 |18 |164| 172 |[32|110[34|1.5( 51 |HIGH|4.4(132|4.5| 23 [ 9.4 3 7.8| 1+ 14 15 178 94 Present | 26.5 [ 39.5 | 36 | 12 [ 27 | Present [50% nil 25
381300868 | 55 | FEMALE |176]| 68 | 21 |110|152| 90 |[YES| NO |YES|NO| 11 | 6450 [10|168| 184 [36|98 [22|1.5| 38 |HIGH|3.5(134|4.8| 24 | 9.8 3 6.5| 1+ 13 15 [177| 97 Present [ 27.2 | 40.2 | 36 | 12 | 28 | Absent |50% nil 21
391283545[ 54 | MALE |177]|66 | 21.1 | 98 |156| 94 |YES| NO |[YES|YES| 12 | 7200 [ 10|172| 188 (36|84 |25|1.8| 41 [LOW [3.6/135[(4.8| 23 | 9.5| 3.6 |6.5[ 1+ 13 14 |159( 86 Present [ 25.8 | 39.8 | 37 | 11 | 28 | Absent |60% nil 22
40 [166738| 48 | MALE (168 58 | 20.5 [100(164[100| NO| YES |YES|YES| 11 | 8650 |10 [178| 210 |32 |82 |28 [1.5| 53 |LOW [2.5|136]|4.5| 22 | 95| 3.8 [6.3]| 1+ 13 14 |176| 97 Present | 25.5 42 36 | 11 [ 29 | Absent |60% nil 15
411289043 | 50 | FEMALE (168 64 | 22 [120(160| 84 [NO| YES |NO|NO| 9.8 | 4500 | 8 [215| 200 |34|80|22|1.1| 57 [LOW [2.5(132|4.5| 26 [ 9.4 | 3.84 |6.4| 1+ 13 14 |167| 93 Present | 27.2 41 37 | 11 | 28 | Absent |60% nil 15
42 (283306 50 | FEMALE (178 74 | 23.5 [110{170| 80 | NO| YES |[NO|NO| 11 | 5500 |10 (224| 198 |32 |86 |25[1.4| 43 |LOW [2.8|132]|3.8| 24 | 95| 2.8 [6.5] 1+ 13 14 |187| 105 | Present| 26.4 | 40.5 | 38 | 13 | 28 | Present [60% nil 15
43288983 55| MALE (172 64| 21.6 [108[156[100| NO| YES |NO|YES| 11 | 5580 | 8 [312| 210 |36 78 |26[1.6] 45 |LOW [2.5|135]|3.8| 22 | 9.8 | 2.8 [6.2| 2+ 12 14 |155| 83 Present | 26.2 | 40.2 | 37 | 11 | 28 | Present [60% nil 15
44129255454 | MALE (178|164 | 20 [115(120| 84 [NO| NO |NO|YES| 11 | 6800 | 8 [345| 215 |38|70|28|1.4| 55 [LOW [2.2|136|3.8| 22 [9.5| 25 |6.4| 1+ 8 10 [155| 83 Absent | 26.4 38 38 | 7 | 28 | Absent |60% nil 22
45128934956 | MALE [168|56| 19 |96 (110| 80 [NO| YES |NO|NO| 12 | 8700 | 8 [212| 200 |32|84|22|1.4| 55 [HIGH[2.8/138|3.8| 24 [ 7.8 | 3.8 |6.5| 1+ 9 12 [101| 61 Absent | 26.2 | 39.5 | 36 | 8.2 | 28 | Absent |60% nil 25
46 (289483 55| MALE [166( 68| 24 [100(150| 84 |YES| YES |YES|NO| 13 | 7800 | 8 [112| 188 |30 98 |20[1.4| 56 |HIGH| 3 |137|3.8| 24 | 76| 3.6 [8.4] 1+ 10 14 [111| 63 Absent | 25.8 | 38.7 | 35 | 9 | 28 | Present | 60% nil 22
471284037 55 | FEMALE [165| 64 | 23.5 [110(164| 72 [YES| NO |YES{NO| 12 | 8000 [ 8 (98 | 198 |28|90 [30(1.1| 55 [HIGH|2.8|142{4.5| 22 | 9 3.7 [88] 1+ 10 14 121 70 Absent | 27.6 | 40.2 | 35 | 9 | 27 | Absent |60% nil 15
48 (393574 55| MALE [168[56| 19 [120(150| 76 |YES| NO |YES|YES| 13 | 8500 | 10|86 | 190 |28 90 |32[1.4| 58 |HIGH[2.5|142]|4.6| 23 | 10 42 [7.4] 1+ 11 14 [132| 82 Present | 28.4 | 42.5 | 35 | 9 | 27 | Absent |60% | present | 14
49 [297505)| 56 | MALE [164(58| 20 [112{148| 80 |YES| YES |NO|YES| 10 | 8450 |10 [110| 194 |40(98 |20| 1 | 84 |HIGH|2.8|138]|4.8| 25 | 8.5 4 6.8 1+ 12 14 |144( 90 present | 25.8 | 40.5 | 36 | 10 [ 27 | Present [60% | present | 12
50|287877| 54| MALE |166]|64 | 23 |130|130| 90 |YES| YES [NO|YES| 11 | 6500 | 8 |118| 198 [42|120{38| 1 | 82 [HIGH|2.4|138(5.2| 23 | 85| 4.1 |6.5[ 1+ 10 12 [142| 82 Absent | 25.4 | 41.5 | 36 | 9.3 | 26 | Present [60% | present | 12
51(299971(54 | MALE |168(64 | 22 [132|144( 92 |YES| YES |[YES|YES| 10 | 6600 | 10 |122| 196 (42 (110|32|1.1| 75 |LOW [2.5]|142(5.2| 23 |85 | 3.5 (6.6 1+ 9 11 90 52 Absent | 25.2 38 37 | 7.5 | 27 | Present |60% nil 12
52344260| 65| MALE |166|66 | 23 |120|164| 80 |YES| YES [NO|YES| 9.8 | 7000 |10 |154| 194 [38|134|30| 1 | 77 [LOW |2.5|142(4.8| 22 |84 | 3.8 |6.8 1+ 9 12 [110| 63 Absent | 25.6 42 36 | 8 [ 26 | Absent |60% nil 14
53 244378| 61 | FEMALE |168| 68 | 24 |110|170| 80 |[YES| NO |NO|NO| 11 | 7500 | 8 |168| 178 |38|120(32]0.9( 65 |LOW |3.8(135/4.7| 23 | 8.4 4 6.5| 2+ 10 12 |130| 73 Absent [ 25.8 42 37 [ 9.2 | 27 | Absent |60% nil 14
54 (162066 | 60 | FEMALE |172( 64 | 21 (112|172 84 |NO| NO [NO|NO| 11 | 6250 | 8 |172| 150 [42[100|32|0.9| 67 |LOW [3.6]136(4.5( 23 |84 | 3.5 [6.6( 1+ 10 12 122 70 Absent | 25.2 40 38 [ 9.4 | 27 | Absent |60% nil 12
55 (244378 64 | FEMALE |170( 65| 22 (108|120 80 |NO| NO [NO|NO| 10 | 5010 | 8 |154| 144 [40(110|35|0.8| 73 |LOW [3.7]138(4.8| 23 | 88 | 3.4 (6.4 2+ 9 11 [114| 65 Absent | 24.8 | 42.1 | 36 | 9 | 26 | Absent |60% nil 12
56 |185780| 64 | FEMALE |168| 66 | 23 | 96 |158| 80 |YES| YES [NO|NO| 10 | 6500 | 8 |172| 132 [30|110{32|0.8| 75 [LOW [3.8{135[4.5| 23 | 9.8 | 3.4 |6.8 1+ 8 10 97 56 Absent | 249 | 43.3 | 38 | 7.2 | 25 | Present | 60% nil 14
57 (301068 | 68 | MALE |168( 60| 21 |94 |164| 70 |YES| YES [NO|NO| 10 | 6700 | 8 |168| 134 (3284 |20| 1 | 73 |LOW [3.5]140(4.8| 23 | 95| 3.2 (7.2 1+ 10 12 [102| 59 Absent | 25.8 | 38.2 | 37 | 8 | 26 | Present | 60% nil 13
58252526| 58 | MALE |170|58 | 20 | 88 |160| 74 |[NO| NO |[YES|NO| 9.8 | 8600 | 10|190| 137 (34|88 |22| 1 | 78 [LOW [3.8]142(4.4]| 25 | 10 25 [63] 1+ 12 13 |161| 97 Present [ 25.5 | 41.8 | 37 | 10 | 26 | Absent |50% nil 12
59 1648607 | 62 | MALE |172|54 | 18 |94 |164| 74 [NO| NO |[YES|NO| 11 | 4500 | 8 |200| 138 [36|86|25| 1 | 81 [LOW [3.5|142(4.2]| 23 | 11 26 [6.2] 2+ 8 10 93 58 Absent | 25.6 | 40.8 | 37 | 7.4 | 27 | Absent |60% nil 12
60 |648754| 64 | MALE |178|55| 17 |96 |162| 78 |YES| YES [NO|NO| 11 | 5400 [10|210| 136 (32|84 |26|0.7| 85 [LOW [3.8/144(4.6| 23 | 9.8 | 4.1 |6.7| 1+ 9 11 112 68 Absent | 25.7 | 42.6 | 36 | 8 | 25 | Absent |50% nil 12
61]648719| 64 | MALE |170|65| 22 |100|164| 70 |YES| YES [NO|NO| 11 | 7500 |10 |222| 134 (34|82 |27|0.7| 89 [LOW [3.6]/142(4.5| 23 | 9.9 | 3.5 |84[ 3+ 8 11 102 58 Absent | 25.8 | 43.4 | 35 | 7.2 | 27 | Absent |60% nil 15




A B C D|E F G|H]| I J K L{M| N [o] Pl Q R S|{TlUJV| W X Y| Z |AA| AB| AC| AD |AE| AF AG | AH [ Al Al AK AL AM [ AN [ AO | AP AQ AR AS AT
62 [643277| 65 | FEMALE (17453 | 17 [104[168| 72 |YES| YES |NO|NO| 12 | 6500 | 8 |254| 132 [36120(320.8| 77 |LOW |3.8|138|4.6| 22 |84 | 2.8 (76| 1+ 9 11 |117] 72 Absent | 25.7 | 42.8 | 36 | 8.4 | 27 | Absent |60% nil 12
63 [614581| 52 | FEMALE [176]| 64 | 19 [102{120| 80 |YES| NO |NO|NO| 13 | 8400 | 10|122| 142 [32110{35/0.8| 80 |LOW |4.2|142|46| 22 | 88| 24 (78| 1+ 10 12 ]125| 71 Absent | 25.6 | 42.4 | 35 | 8 | 25 | Absent |60% nil 12
64 (637529 55 | FEMALE (178 66 | 20.8 [108(120| 80 |YES| NO |NO|NO| 13 | 7500 | 8 |128| 144 (34|80 (20/0.8| 77 |LOW |3.8|138|4.5| 24 |84 | 2.8 (76| 1+ 10 12 ]105| 58 Absent | 25.6 38 35 | 8.5 | 25 | Absent |50% nil 12
65[632752| 58 | MALE [172|54| 18 |94 [164| 74 |NO| NO |YES|NO| 11 | 4500 | 8 [200| 138 |36)|86[25)|0.8| 81 |LOW |3.5|142]|4.2| 23 | 11 26 62| 2+ 8 10 |93 58 Absent | 25.6 | 40.8 | 37 | 7.4 | 27 | Absent |60% nil 12
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