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ABSTRACT 

Introduction: In the general population, carotid adventitial thickness (CIMT) forecasts 

future vascular events. But little research has been done on how chronic kidney disease 

(CKD) stages and conventional cardiovascular risk factors relate to CIMT. High-resolution 

B-mode ultrasonography was used to evaluate CIMT in order to compare it to old-style 

cardiovascular risk variables such age, body weight (BMI), lipid abnormalities , and different 

stages of CKD patients. 

 

Method of collection of data: At RL Jalappa Hospitals and Research Centre, Kolar, patients 

diagnosed with various stages of CKD who were treated were randomly chosen patients. 

Age, gender, duration of diabetes, BMI, and outcomes were associated independently for 

each patient in two distinct groups. The correlation between eGFR in CKD and carotid intima 

medial thickness was examined in GROUP ONE, which consisted of 39 patients. The 

correlation between eGFR IN non CKD and carotid intima medial thickness was examined 

independently in GROUP TWO, which consisted of 39 individuals. carotid doppler, CBC, 

EGFR using the MDRD equation, blood pressure, and a kidney function test, among other 

tests.  

 

Results: In the study majority of participants in stage 4 and 5 of CKD were in the age group 

of lesser than48 years and 49 to 64 years while in age groups greater than 64 years majority 

of participants stage 1 of CKD.  There was an increase in CIMT thickness in CKD subjects in 

comparison with normal individuals and increase in CIMT thickness with progression of 

CKD disease. A strong inverse relationship between glomerular filtration rate or CKD stages 

and CIMT. Individuals with CKD showed a significant negative connection between median 

CIMT and HDL values. In CKD patients with CIMT, the study discovered a marginally 



xx 

 

favorable connection between blood triglyceride levels and total cholesterol levels.In the 

study in group 1 which includes participants with CKD, the median of haemoglobin was 9.00 

and it was 15.00 in group 2.  

 

Conclusions: Despite the fact that CIMT was somewhat higher in individuals with advanced 

CKD, no statistically significant link was discovered between CIMT and eGFR. However, 

risk factors such as dyslipidemia was moderately associated with CKD patients with CIMT. 

 

Key words: carotid intima-media thickness; chronic kidney disease; glomerular filtration 

rate. 
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INTRODUCTION: 

Around 8 to 16% of people worldwide have chronic kidney disease (CKD), which is 

indicated by a rate of glomerular filtration (GFR) about < sixty mL/min/1.73m2 that has 

persisted for more than 3 months. Compared to high income nations, low and medium 

income countries have a heavier burden from CKD 
1
. From modest renal dysfunction to total 

failure, there are 5 stages of kidney disease in CKD. Individuals with CKD in stages 3 or 4 

have a greater chance of dying or developing end-stage renal disease 
2
. According to global 

burden of disease estimates there were 1.4 million CKD related deaths in the world in 2019 

which is a 20% increase from 2010. The main factors responsible for increased burden of 

CKD in the global are obesity, hypertension, diabetes and cardiovascular diseases 
3
. Along 

with the above listed variables, further explanations for the prevalence of CKD in South 

Asian nations like India include environmental pollutants and high levels of fluoride 

underground 
4
. 

India recorded a 38% rise in the percentage of renal failure-related mortality between 2001-

03 and 2010-13
5
. CKD is a significant contributor to the risk of cardiovascular disease 

(CVD). Even in the early stages of renal illness, the risk of heart disease is higher
6
. Early 

stages of CKD are associated with a 2 to 4 times increased risk of cardiovascular death 
7
.  

Nearly  7.6percent of total of cardiovascular deaths worldwide in 2017 were caused by CKD-

related illnesses, and CKD is also responsible for 25.3 million CVD -related disability 

adjusted life years 
8
. The dysregulation of minerals such as phosphorous amd  calcium, vessel 

calcification, anaemia, and hyperhomocysteinemia that CKD promotes raises the risk of 

cardiovascular disease 
9
. CKD raises the likelihood of heart disease without increasing the 

risk from other traditional cardiovascular disease risk factors 
6
. Richard Bright made the 

initial suggestion in 1836 that cardiovascular disease and kidney illness are connected. The 

level of proteinuria and renal impairment, as well as the rate that these changes take place, all 
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influence the risk of heart disease in individuals with CKD. Albuminuria, anemic, thyroid 

dysfunction, metabolic bone disease, increased Homocysteine, inflammation, 

malnourishment, endothelial atrophy, and antioxidant damage are among the non-traditional 

CKD associated heart disease risk factors that are ureamia specific. These variables increase 

the rate of atherosclerosis and the progression of CKD in addition to established risk factors 

such advancing age, hypertension, dyslipidemia, diabetes, smoking, and obesity
10

. The 

absence of the traditional trifecta of ischemic symptoms, high cardiac biomarker levels, and 

electrocardiogram (ECG) alterations makes it difficult to diagnose heart disease in CKD 

patients 
11

.  

Due to the absence of adequate medical facilities in underdeveloped nations like India When 

glomerular filtration rate  gfr is below 15mL/min/1.73 m2, 50percent of CKD patients 

receive their first diagnosis 
12

.  Even mild renal failure significantly raises the risk of 

cardiovascular illness due to a number of factors, including aberrant myocardium 

reorganization, ventricular hypertrophy, arrhythmia, and cardiac arrest. In contrast to people 

with normal kidney function, atherosclerotic disease is overrepresented across the full range 

of CKD patients
13

. The presence of a chronic inflammatory state, disturbances in calcium-

phosphate breakdown, antioxidant damage, malnourishment, anaemia, hypervolemia, 

disruptions in the coagulation system, buildup of active compounds, and unknown lethal 

agents all contribute to the increased occurrence of coronary artery illness in CKD patients 
14

. 

It is noted that composition of atherosclerotic plaques in CKD patients is different from those 

present in sclerotic subjects with standard kidney function. CKD subjects have 

atherosclerotic plaques with more calcium deposits, reduced collagen fibres and smooth 

muscle cells, and more inorganic substances 
15

. Aging process of vascular and peripheral 

blood cells is one of many factors contributing to the complicated phenomena of vascular 

injury in CKD patients 
16

. 
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A direct inspection of the vessel wall is required to diagnose atherosclerosis since it is 

asymptomatic unless it is severe. Common carotid artery carotid-intima media thickness 

measurement using B-mode Early atherosclerotic process monitoring using ultrasound is 

non-invasive 
17

. But because CIMT values change depending on the imaging side, the 

measurement spot, the measuring angle, and the cardiac cycle phase, evaluating the severity 

of atherosclerosis using this technique requires complex ultrasound techniques. Single-site 

CIMT assessments have been found to have lesser sensitivity. Carotid artery evaluation using 

imaging from a single viewpoint is not possible in three dimensions 
18

. The non-invasive 

tools for detection of atherosclerosis including typical symptoms, electrocardiogram, and 

cardiac stress testing are found to be less reliable in CKD subjects 
19

. Serum biomarkers 

measurements used in non-CKD subjects  for diagnosis of cardiovascular diseases cannot be 

used in CKD subjects as in these subjects the biomarkers are elevated without myocardial 

infarction and myocardial apoptosis 
20

. Recently eGFR measurements are being considered 

for diagnosis of atherosclerosis. Kidney disease may now be easily detected thanks to the 

development of an equation for estimating estimate GFR (eGFR) from blood creatinine based 

on equations that take into account a variety of patient variables. This method converts the 

serum creatinine value into physiologic units of GFR 
21

. Among various equations available 

the 4 variables Modification of Diet in Renal Function (MDRD) equation is widely used for 

calculation of eGFR. There are certain limitations even with this equation which have been 

recently overcome by introduction of another equation by Chronic kidney Disease 

Epidemiology collaboration. In the region of low creatinine levels and higher GFRs, this 

equation has been proven to give a more precise estimation of GFR. This study seeks to 

measure carotid adventitial medial thickness in individuals with various stages of CKD and 

investigate the relationship between carotid adventitial medial thicknesses and eGFR in these 

patients. 
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Need for the study:  

The burden of CKD is gradually increasing in India. Diabetes and hypertension are major 

causes attributable to development of CKD in developed countries 
22

. In recent years the 

burden of diabetes and hypertension has increased in India and it is projected that 40 to 60% 

of CKD cases found in the country are related to these causes 
23

. According to data from the 

Indian Council of Medical Research, the occurrence of diabetes and hypertension among 

Indian adults is 7.1% and 17%, respectively. The prevalence of CKD would inevitably rise in 

India along with the burdens of hypertension and diabetes.  Screening for CKD related 

cardiovascular diseases is highly challenging in India as majority of population lack access to 

proper well equipped medical care facilities. Diagnosis and screening for CKD patients with 

risk of developing atherosclerosis using carotid intima media thickness measurement may not 

be possible in resource limited settings. Even if available it will be a burden for majority of 

CKD patients to get CIMT measurements done using ultrasound after getting diagnostic test 

done for CKD. It would be highly advantageous if single eGFR measurement which reflects 

kidney damage status also helps in assessment of risk of atherosclerosis in CKD patients. 

Given the aforementioned information, the goal of this study is to measure the carotid 

adventitial medial thickness in CKD patients at various stages and investigate the relationship 

between these measurements and eGFR. 
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AIMS AND OBJECTIVES: 

1)To determine the carotid intimal medial thickness in various stages of CKD patients  

2)To study the correlation of carotid intimal medial thicknesses with eGFR in various stages 

of CKD patients 
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REVIEW OF LITERATURE: 

Chronic kidney disease: 

Definition:  

A persistent alteration in renal architecture or efficiency for more than three months is 

considered to be chronic renal disease
24

  

Glomerular filtration:  

The excretory, hormonal, and metabolic activities of the kidney are only a few of its many 

roles. One facet of excretory function is glomerular filtration. Due to the reduction in rate of 

glomerular filtration following structural or functional injury to the kidney, it is regarded as 

an overall indicator of renal function. 

The rate of glomerular filtration is a crucial indicator of renal health. GFR (Estimated 

glomerular filtration) measures the volume of fluid filtered into Bowman's capsule from 

glomerular capillaries per time unit 
25

. GFR levels are predicted to be 120 and 130 

ml/min/1.73 m2 in young men and women, respectively, and depend on age, sex, and body 

surface 
26

. 

Table 1: The following table give glomerular filtration rate classes in CKD: 
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eGFR:  Approaches for translating the plasma creatinine value into the GFR result have been 

developed through the development of formula-based eGFR calculations. For the purpose of 

calculating eGFR, the following 4-variable Modulation of Dietary in Renal Impairment 

equation is frequently used: 

eGFR (millilitres) = 186 (S.Cr in mol/l 0.011312) -1.154 (age) -0.203 (0.742 if female) 

(1.212 if African-American Black). 

A new equation was created once it was discovered that the previously mentioned one had 

several shortcomings. The reviewed equation was tested down to serum creatinine 

concentrations of 62 mol/L in women and 80 mol/L in men (in men). In the spectrum of 

decreased plasma creatinine levels and higher GFRs, CKD-EPI was proven to be a more 

accurate measure of GFR 
27

. The following are the equations: 

 

For women  with creatinine lesser than  62 µmol/L: 

eGFR (mL/min/1.73m2) = 144 x (Cr/61.6)-0.329 x (0.993)Age 

For women with creatinine greater than  62 µmol/L: 

eGFR (mL/min/1.73m2) = 144 x (Cr/61.6)-1.209 x (0.993)Age 

For men with creatinine lesser 80 µmol/L”: 

eGFR (mL/min/1.73m2) = 141 x (Cr/79.2)-0.411 x (0.993)Age 

For men  with creatinine greater  80 µmol/L: 

eGFR (mL/min/1.73m2) = 141 x (Cr/79.2)-1.209 x (0.993)Age27. 

 

Epidemiology:  

In 2010, it was reported that among those under 20 years old, the age-standardized worldwide 

incidence of CKD stages 1 to 5 was 10.4% for males and 11.8% for women
1
. According to 

more current data, the incidence of CKD in the world is 10.6% for stages 3-5 and 13.4% for 
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stages 1–5 
28

. The occurrence of each stage of CKD was 3.5% for stage 1, 3.9% for stage 2, 

7.6% for stage 3, 0.4% for stage 4, and 0.1% for stage 5
28

.  According to research looking at 

the occurrence of CKD worldwide, 843.6 million people are now estimated to be afflicted by 

Stages of ckd 1 to 5 globally
29

.  

The estimated incidence of CKD in various parts of India varied from 1% to 13%, and most 

recently, statistics from the Kidney Disease Data Center Study of the International Society of 

Nephrology revealed a prevalence of 17%
30

. In 2017, there have been 697 million new cases 

of CKD globally. Two countries, India and China, were home to about 1/3
rd

 of the patients 

with CKD. 

In 2017, it was projected that 91% of people worldwide had CKD, with stages 1-2 accounting 

for 50%, stages 3 for 39%, stages 4 for 06%, stages 5 for 07%, dialysis accounting for 04%, 

and kidney transplantation accounting for 01%. Females had a 129 times greater time of life 

prevalence of CKD than males did. Males had a 147 times higher age-standardized incidence 

of hemodialysis and transplant than females. Males had a 139 times higher time of life CKD 

mortality rate per 100,000 people than females did. The average prevalence of CKD 

nationwide was 89%.
31

 

 

Aetiology:  

Between industrialised and developing nations, there are notable differences in the aetiology 

of CKD, as well as potential variations in the processes driving CKD development. Although 

type 2 diabetes and hypertension are among the most frequent causes of CKD in 

industrialised and many emerging nations, chronic nephropathy (CGN) has been described as 

the primary cause in several developing nations, such as China, with diabetes and 

hypertension coming in second and third 
32

. 
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Prerenal Illness 

Chronic prerenal illness, which increases the likelihood of numerous events of an inherent 

kidney damage such as tubular atrophy, occurs in individuals with longstanding cardiac 

problems or hepatitis with chronically diminished renal perfusion (ATN). Over time, this 

results in a gradual decrease of renal function 
33

. 

 

Disease of the intrinsic renal arteries 

The most common chronic renal vascular illness is nephrosclerosis, which causes prolonged 

vasculature damage to the nephrons 
34

. 

 

Glomerular Disease that is Internal (Nephritic or Nephrotic) 

infectious endocarditis, shunt nephritis, lupus nephritis, Post-streptococcal GN,  Goodpasture 

syndrome, IgA nephritis, and vasculopathy are the most frequent causes 
35,36

 

 

Postrenal (Obstructive Nephropathy) 

The most prevalent causes of chronic blockage include prostatic illness, and nephrolithiasis. 

One uncommon cause of prolonged ureteral blockage is retroperitoneal fibrosis. 
33

 

 

Classification:  

 The 2012 KDIGO CKD classification divides the disease into 6 groups based on glomerular 

filtration rate and offers recommendations on the source of the condition (G1 - G5 with G3 

split into 3a and 3b). 

The six categories consist of: 

• G1: GFR more than 90 mlper min per 1.73 m2; G2: GFR between 60 and 89 ml per min per 

1.73 m2; and G3a: GFR between 45 and 59 ml/min per 1.73 m2 
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• G5: GFR just under 15 ml per min per 1.73 m2 or therapy with dialysis; G3b: GFR 30 to 44 

millilitres per 1.73 m2; G4: GFR 15 to 29 ml per min in 1.73 m 
37,38.

 

 

Pathophysiology:  

Nearly 400 ml/100 g of tissue of blood go through the kidneys/ minute. In compared to other 

well-perfused arterial beds including the liver, heart,and brain, this flow rate is significantly 

higher. As a result, more potentially hazardous circulating chemicals are exposed to renal 

tissue. Because glomerular filtration needs high intra- and transglomerular pressure, renal 

capillaries are more susceptible to hemodynamic damage than other capillaries. Both renal 

hypertension and hyperfiltration play a major role in the progression of CKD. Disruption of 

the glomerular filtration membrane's electrostatic barrier is the cause of many types of 

glomerular damage. The glomerular damage is disseminated to the tubulointerstitial 

compartment by the sequential arrangement of the nephron's microvasculature and the 

downstream location of the tubule. Each individual glomerulus component is essential to its 

correct operation. Any portion that is damaged will impact the others. 

 Mechanisms of glomerular, tubular, and vascular damage are involved in the 

pathophysiology of CKD. 

 Glomerular dysfunction: Injuries caused by the immune system, as well as metabolic 

and mechanical stress, cause acquired glomerular disease. The 3 kinds of glomerular 

disorders are as follows:Non proliferative glomerular disease:  Glomerular 

pathological conditions wit inflammatory glomerular  and with no  immunoglobulin 

deposition , or with immunoglobulin deposition albeit without nephron inflammatory 

response, most likely as a result of immunoglobulin lamina propria clustering.  
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 Immunoglobulin accumulation and progressive glomerular disorders with elevated 

cellularity (IgA nephropathy, severe glomerular damage and inflammation, without 

immunoglobulin deposition, or, lupus nephritis, anti-GBM, relatively nontoxic GN). 

 Heterogeneous category of glomerular disorders in systemic illnesses such 

hyperglycemia, paraproteinemia and amyloidosis.
39

 

 

Renal damage that is not immunologic. 

 Glomerular impairment can be brought on either on its own or in combination with 

immunological processes by hemodynamic, metabolic, and chemical damage.
39

 

 Glomerular damage may come from systemic hypertension that affects the glomeruli 

as well as renal hypertension brought on by specific alterations in glomerular 

hemodynamics. Normal autoregulation serves to protect the kidney from systemic 

hypertension, but it can be overridden by high blood pressure, which means that 

systemic hypertension directly damages the glomerular filtration barrier. Chronic 

hypertension causes secondary sclerosis, glomerular and tubulointerstitial atrophy, 

and arteriolar vasoconstriction and sclerosis
39

. 

Whatever the source, glomerular hypertension is often a nephron's way of adapting to the 

increased workload brought on by nephron loss. Due to the buildup of ECM, the persistent 

intraglomerular hypertension stimulates the formation of mesangial matrix and causes 

glomerulosclerosis.
39

.  

 

Tubulointerstitial impairment:  

A number of distinctive characteristics of tubulointerstitial impairment include an infiltrate of 

inflammatory cells which is caused by both the stimulation of occupant proinflammatory 
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cytokines and the enrollment of circulating immune cytokines; an increase in intercellular 

fibroblasts as a result of increased emergence and decreased cell death of resident interstitial 

cells; and the presence of myofibroblasts that express the cytoskeletal protein. 

Proinflammatory, vasoconstrictive, and profibrotic factor expression is known to increase as 

fibrosis progresses.
39

 

 

Diagnosis: 

Screening may be essential for early illness detection because the most of CKD patients show 

no symptoms. The Renal Foundation developed a kidney profile test that evaluates both 

creatinine clearance for estimating GFR and urine ACR.. Generally speaking, risk-based 

screening is advised for the identification of CKD. Screening is recommended for individuals 

above 60 years with diabetes or hypertension. Screening is also recommended if individuals 

have any of the following mentioned risk factors: 

 

Clinical risk factors:  

• Nephrotoxic drugs; • Diabetes; • High blood pressure; • Autoimmune conditions; • Systemic 

infections (hepatitis B and C virus HIV);  

Malignancy, obesity, renal mass loss, kidney stones, recurrent urinary tract infections, 

blockage of the urinary system 

Smoking, having a history of severe renal damage, and using intravenous drugs (eg, heroin, 

cocaine) 

• Kidney illness in the family 

 

Risk factors for demographical changes include:  

Age greater than 60 years, non-white race, low wage, and poor education   
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Genetic factors  

 Sickle cell disease and its risk genes 

 Congenital abnormalities of the urinary and renal system, Alport syndrome, 

polycystic renal disease and other family causes 

 

Management:  

Lowering the risk of heart disease: Since CKD patients have a greater chance of evolving the 

illness, lowering this risk is a key part of care. This covers quitting smoking, keeping blood 

pressure at 140/90 mm Hg, and treating over 50 years of age with moderate and low doses of 

statins.
40

 

Treatment of hypertension: Individuals with diabetes and a urine albumin to creatinine ratio 

of 30 mg every 24hrs or adults without diabetes but with a urine albumin to creatinine ratio 

of 300 mg per 24 hours should employ the renin-angiotensin-aldosterone system with 

whichever an ACE-I or an ARB. Subjects who have reduced ejection fraction, resilient 

hypertension, or albuminuria must get aldosterone receptor opponents 
41,42

. 

Diabetes care: Blood glucose control slows the course of CKD, making diabetic management 

crucial. The dosage of oral hypoglycemic medications must be changed. 

Nephrotoxins: CKD patients must avoid nephrotoxin usage. Some generally used 

nephrotoxins are Non-steroidal anti-inflammatory drugs,
43

 herbal remedies, phosphate based 

bowel preparations, 
44

 proton pump inhibitors
45

 Proton pump inhibitors are found to increase 

risk of atherosclerosis.  

Dosage modifications are frequently necessary for CKD patients. The majority of 

antimicrobials, direct oral anticoagulants, anticonvulsants , oral anti diabetic medicines, 

insulin, anti - cancer agents, and opiates are common treatments that call for dose 

reductions.
46,

 
47
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Dietary maintenance: According to the KDIGO recommendations, protein consumption 

should be decreased in people with CKD stages G4 to G5 to very little than 0.8 g/kg daily 

and in other adult ckd patients who are at risk of advancement to fewer than 1.3 g/kg each 

day
47,48

. Limiting dietary protein may provide benefits, but they must be balanced against the 

possibility of causing protein malnutrition or dietary deficiency.
49

 Patients with high blood 

pressure, proteinuria, or hypervolemia are advised to follow low-sodium diets, which 

typically contain less than 2 grams per day. 
46

 

 

Complications:  

Drug toxicity : Kidney disease (CKD) affects the way medications are eliminated by the 

kidneys and increases the risk of prescription medications. This requires dosage adjustment 

of drugs and errors in dosage in CKD patients results in systemic toxicity.  

Metabolic and endocrine complications: CKD causes loss of endocrine or exocrine functions 

of kidney resulting in anaemia, acidosis, malnutrition, bone and mineral disorders.  GFR of 

less than 60 ml/min/1.73 m2 increases the risk of all causes and cardiovascular death. 
24

 

 

Table 2: The following table give tests and management of CKD related complications:  

Complication Relevant tests Frequency of testing Management 

Anaemia Haemoglobin 

Stages G1 and G2- 

when clinically 

indicated. 

Stage G3 – once a 

year. 

Stages G4 and G5- 

twice a year 

Consider iron 

supplementation after ruling 

out other causes of anaemia 

like iron deficiency, vitamin 

B12 deficiency, folate 

deficiency, occult 

bleeding
50

. 

Mineral and 

 bone 

disorder 

Serum calcium 

phosphate, 

parathyroid hormone, 

25-hydroxy vitamin 

D 

Serum calcium 

phosphate in 

Stage G3- every 6 to 

12 months. 

Stage G4- every 3 to 6 

months. 

Stage G5- every one 

to three months 

Consider phosphate 

lowering therapy and 

vitamin D 

supplementation
50

. 
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Association of CKD to CVD 

 Any heart disease is twice as common in CKD patients. The risk of death  due to 

cardiovascular rose by 5% for every ml per 1.73 m2 decline in eGFR, according to a study
51

.  

The classical risk factors for atherosclerosis in over-all population are different from risk 

factors for CKD patients
52

.  

Table 3: The following table describes classical risk factors and risk factors in CKD 

subjects for atherosclerosis: 

Classical risk factors in general population Emerging risk factors in CKD patients 

Age Mineral bone metabolism 

Male gender Vascular calcification 

Hypertension Uraemic toxins 

Left ventricular hypertrophy Abnormal lipid modifications 

Smoking Inflammation 

Diabetes Oxidative stress 

Dyslipidaemia Endothelial dysfunction 
52

 

Physical inactivity 
52
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Figure 1: The following figure shows complex relationship between traditional risk 

factors and emerging risk factors, cardiovascular disease and CKD: 

11
 

Pathophysiology of Cardiovascular illness in CKD: 

Subjects with CKD develop cardiovascular disease due to two main processes. One is the 

kidney's secretion of hormones, enzymes, and cytokines in reaction to renal damage, which 

causes recognisable alterations in the vasculature. The second mechanism is that heart injury 

is caused by CKD-related mediators and hemodynamic changes 
53

. 

 

Old-styled risk factors of vascular illness in CKD:  

These include insulin resistance, hypertension, dyslipidaemia and smoking which cause 

atherosclerotic vascular sequelae and CKD progression 
54

. 

 



 

 

 Page 20 
 

Other risk factors of vascular disease in CKD:  

Smooth muscle vascular cells in the median layer of vessels shift from having a contractile 

gene to having a more synthetic character as a result of CKD's hemodynamic alterations 
55

. 

The major mechanism that causes CKD is inflammation. Numerous infections, such as gum 

disease, reactive oxygen species ( ros brought on by the buildup of advanced glycation 

products, hypokalemia, decreased chemokines clearance, insulin sensitivity, post-

translational modifications of bloodborne molecules, and epigenetic factors are all included 

in proinflammatory processes
56

.  

 

Carotid-intima media thickness (CIMT): 

Definition: 

CIMT is defined as the area of tissue starting at the luminal-intimal interface and the media-

adventitia interface of CCA 
57

.  

 

The method for CIMT evaluation has been standardised by the American Society of 

Electrocardiography (ASE) inside a consensus statement. 
58

 Following the recommended 

imaging technique and paying great attention to the apparatus are essential for CIMT 

assessment since minor mistakes might place patients in various risk groups. CIMT employs 

transducers that generate acoustics or sound waves for ultrasound imaging. In ultrasonic 

imaging, sector staged and linear phased-array transducers are employed. Due to their 

superior picture quality, linear phased-array transducers (versions A and B) outperform sector 

phased-array. With increased picture quality, ergonomics, and trapezoidal imaging formats, 

these transducers are currently assisting physicians in making correct diagnoses
59

.  
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CIMT assessment in cardiovascular risk prediction: 

The common carotid artery is the first of four segments that make up the carotid artery. 

The  ECA  and  ICA are formed by the carotid bulb, which arises from the common carotid 

artery. At the carotid bulb's outer wall, where shear forces are moderate and fluctuations in 

shear force are large, atherosclerosis tends to occur. CIMT measurement aids in the early 

diagnosis of occlusive atherosclerosis 
18

. A non-invasive technique for tracking the early 

stages of the atherosclerotic process is B-mode ultrasound measurement of the carotid-intima 

media cross - sectional area of the CCA 
17

.  

 

The side of the imaging field, the measurement point, the measurement angle, and the stage 

of the cardiac cycle all affect CIMT measurements differently. The sensitivity is decreased by 

CIMT measurement at a single location. A single-angle imaging does not provide a three-

dimensional assessment of the carotid artery. Systolic luminal dimension expansion causes 

the CIMT to thin during systole, resulting in lower CIMT values at the end of systole than at 

the end of diastole. For a thorough assessment of the degree of atherosclerotic load and to see 

a treatment's effects, extensive ultrasonography procedures are needed. 

CIMT readings between 0.6 to 0.7 mm were deemed typical in healthy middle-aged people, 

but CIMT of 1 mm or higher has been linked to a considerably higher absolute risk of 

CHD60 
60

.   

The reported average and highest CIMT readings for healthy Indian individuals were close to 

1 and 0.70 millimeters, respectively. The evaluation of CIMT fluctuates with age, and in 

younger populations, readings >1.0 mm are deemed abnormal and have a generally higher 

risk of CHD.  
61,62,63. 
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Advantages of CIMT assessment: 

In clinical practise, ultrasonographic measurement of CIMT provides a number of benefits 

over angiography for monitoring atherosclerotic vascular alterations and the onset of 

atherosclerosis 
64

.  

CIMT has no negative effects on the individuals and may be applied frequently and 

reproducibly. As opposed to indirect biomarkers like low-density lipoprotein cholesterol or 

sophisticated biomarkers like hsCRP or membrane protein alkaline phosphatase A2 (Lp-

PLA2), CIMT directly visualises the vasculature and can detect atheromatous illnesses in 

initial and no symptom stages. CIMT monitoring protocol can discern atherosclerotic 

illnesses in early and show no symptoms stages. 

It allows in determining the exact area of CVD instead of only lumen and aids in measuring 

the lesion unlike CT-CAG 

• Unlike some other assessment techniques, such as the coronary artery calcification score, 

CIMT does not depend on the calcium deposition of the lesion. 

 • CIMT is safer than other imaging procedures like carotid interrogation since it contains no 

radiation 
64

. 

Disadvantages of CIMT assessment: 
65,66,67

 

 Because there is no established technique for measuring CIMT, follow-up studies 

and assessments of treatment interventions' effects on the measured CIMT may 

result in erroneous assessments of the CIMT's progression and regression. 

 The value of the measured CIMT may vary according on which carotid artery is 

used to test it, including the common carotid, bifurcation, internal carotid, and 

combination CIMT. In order to increase repeatability and reduce reader variance, 

edge detection application software were built because the atherosclerotic 

approach is confined to the intimal layer of the artery wall. 
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 Since CAD represents the most common reason for fatal cardiovascular events, 

CIMT only offers a hazy assessment of the possible atherosclerotic burden in the 

coronary vessels since it depicts major blood vessels instead of coronary. The 

carotid artery might not even genuinely contain atherosclerosis, despite the fact 

that CIMT discovered it there. 

 

Relevant studies:  

 Rizikalo, A., et al.
68

 assessed the association between CIMT and GFR in subjects 

without diabetic CKD . During the 4-year follow-up, this study showed a strong 

correlation between GFR and CIMT in quasi stage 2 and stage 4 CKD. 

 Nitesh, C., et al. 
69

 the association between CIMT and conventional cardiovascular 

risk variables such age,  BMI, hyperlipidemia, and different phases of CKD patients. 

Despite the fact that CIMT was somewhat higher in individuals with advanced CKD, 

no statistically relevant link was discovered between CIMT and eGFR. 

 Kawamoto, R., et al.
70

 examined the relationship between carotid atherosclerosis and 

the glomerular filtration rate. The study discovered that in both men and women, 

regardless of common cardiac risk factors, eGFR was linked to an augmented 

incidence of carotid atherosclerosis. 

 Polak, J, F., et al.
71

 studied connotation amognst  the thickness of carotid intima 

media and CVD. The highest maximum and mean thickness of  common carotid 

artery intima-media  together predict cardiovascular events, according to the study's 

findings. 
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 Benedetto, A, F., et al. 
72

found that   IMT in dialysis subjects  is linked to LV 

eccentric enlargement and is a standalone predictor of mortality rates, based on the 

study's findings. IMT may be applied to the dialysis population to help with risk 

classification. 

 Nishizawa, Y., et al.
73

  investigated if  thickness of carotid artery intima-media may 

predict risk of coronary heart disease in individuals with ESRD. According to the 

study's findings, elevated CA-IMT is a reliable indicator of cardiovascular death 

among patients receiving hemodialysis. 

 Hinderliter, A., et al. 
74

  study found that increased maximal IMT was an accurate 

indicator of cardiac disease and mortality among individuals with end staged  CKD 

pre-dialysis and was linked with conventional coronary risk factors,  subclinical  

CVD, and CVD alone as the indicators. 

 Lyngdoh, L., et al. 
75

   The non-invasive sensitive instrument for CIMT assessment is 

B-mode ultrasound. This method may help us identify individuals with 

atherosclerosis load since CKD is linked to faster atherosclerosis and a subsequent 

increase in cardiovascular death. 

 

Lacunae in literature: 

Chronic kidney disease (CKD), which significantly contributes to fatalities and disability 

from non-communicable diseases, should be vigorously treated if the UN's Sustainable 

Development Goal of lowering early mortality from non-communicable illnesses by the a 

third by 2030 is to be met. CVD, which is the leading cause of early death and disability-

adjusted life years, is significantly increased by CKD. Opportunities for secondary and 

primary CKD prevention are frequently missed in underdeveloped countries like India. In 
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order to further the body of information on correlation, this study aims to assess carotid 

adventitial medial width in patients with various stages of CKD and look into the relationship 

among carotid adventitial median thicknesses and eGFR on the same individuals. This will 

make it easier to calculate the eGFR needed to forecast atherosclerotic risk in those with 

chronic renal disease. 
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MATERIALS AND METHODS  

Source of data:. This is an case control study in patients at various stages of CKD patients 

treated at RL JALAPPA HOSPITALS, KOLAR 

Study design: A Case Control Study 

Study period: 1 year January 2021 to December 2022 

Method of collection of data: Patients admitted with diagnosis of various stages of CKD 

treated at RL Jalappa Hospitals  and Research Centre, Kolar were selected in a randomized 

manner 

Inclusion Criteria:  

1) After receiving approval from the institute's ethics committee between the years of 2020 

and 2023, all subsequent CKD patients as well as a similar number of controls who were of a 

similar age and sex were enrolled in the study. 

2) age >12 years  

3) Patients with type 2DM, Hypertension are also included in the study and are considered as 

confounding factors 

Exclusion Criteria:  

1) Individuals with a diagnosis of acute renal damage and those with a history of carotid 

operation were exempted from the trial. 

2. Patients on drugs causing dyslipidaemia and dysglycemia like Diuretics, beta blockers, 

steroids, anti-psychotics. 

3. Conditions affecting hemoglobin- methemoglobinemia, anemia, polycythemia 

 

Methodology: 

 They were explained about the procedure and their consent was taken and they were 

subjected to blood investigations and carotid Doppler. 
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 Clinical, laboratory and sociodemographic data was elicited and recorded in a 

predefined proforma 

1.Socio demographic data 

 Age  

 Gender 

2.Clinical data 

 Height 

 Body weight 

 Clinical examination 

 BMI 

3.Laboratory data 

 The patients will be age, gender, period of diabetes ,BMI matched and their results 

were correlated in two different groups separately. 

 In GROUP ONE, which consists of 39 patients, eGFR in CKD was correlated with 

carotid intima media thickness and the results were  analysed. 

 In GROUP TWO, which consists of 39 patients, eGFR IN  non CKD was correlated 

with carotid intima media thickness and the results were analysed separately. 

 

 

Sample size:  

Sample size was estimated by using correlation coefficient (r) of  eGFR  with CIMT as 0.357 

(i.e. r = 0.357) from the study by Kavita Bendwal et al. Using these values at 95% confidence 

level and 80% power and substituting in the below formula, sample size of 29 was obtained. 
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Considering 10% Non response rate a sample size of 39 + 39 = 78 subjects with CKD in 

various stages  

Sample size overall = N = [(Z+Z)/C] 2 + 3 

The typical deviation for = Z = 1.960 

The standard normal deviation for r = Correlation coefficient = 0.357 C = 0.5 * 

ln[(1+r)/(1-r)] = 0.373 is equal to = Z = 0.842 r = 0.357 

 

N = 39 

Investigations : 

 CAROTID DOPPLER  

 CBC  

 eGFR USING MDRD equation 

 BLOOD PRESSURE 

 RENAL FUNCTION TEST  

eGFR is calculated by using MDRD GFR in mL/min per 1.73 m
2
 = 175 x SerumCr

-1.154
 x 

age
-0.203

 x 1.212 (if patient is black) x 0.742 (if female) 

Statistical Methods  
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Comorbidities, lab results, investigational parameters, etc. were all taken into consideration 

as the main outcome variables. CKD stage and EGFR were thought to be the main 

explanatory factors. Primary characteristics such as age, gender, and BMI were thought to be 

significant to the investigation. 

For quantitative variables, the standard deviation and mean were used in the descriptive 

analysis, while frequency and percentage were used for categorical variables. 

Additionally, the data was shown utilising the relevant designs, such as pie and bar charts. 

Using the Chi square test, categorical results were compared between research groups. 

Using Independent sample t- test (2 groups) and ANOVA, the mean values for normal 

distributions quantitative parameters were compared across study groups (3 groups). Using 

the Mann Whitney u test (2 subgroups) and the Kruskal-Wallis test, measures of central 

tendency and interquartile (IQR) for quantitative parameters with non-normal distribution 

were examined between study groups (3groups). By computing the spearmans rank 

coefficient of correlation and plotting the data in a scatter diagram, we were able to determine 

the relationship between the quantitative explanatory factors and the outcome variables. 

Statistical significance was defined as a P value 0.05. The coGuide Statistics programme, 

Version 1.0, handles data analysis. 
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RESULTS 

A whole of 78 subjects were considered into the study. 

Table 4: Gender distribution as per the study gorups (N=78) 

Gender (M/F) 
Groups Chi square 

 value 
P value 

Group 1 (N=39) Group 2 (N=39) 

Male 29 (74.36%) 28 (71.79%) 
0.07 0.7985 

Female 10 (25.64%) 11 (28.21%) 

 

Figure 2: Grouped bar graph of Gender with Groups  

 

In Group 1, 29 (74.36%) were male and 10 (25.64%) were female. In Group 2, 28 (71.79%) 

were male, and 11 (28.21%) were female. The difference in gender between groups was 

found to be insignificant with a P- value of 0.7985. (Table 4 & Figure 2) 

 

Table 5: Comparison of Age (in year) with Groups in the study population (N=78) 

Age 

Groups 
Significance Value (P) 

Cluster 1 (N=39) Cluster 2 (N=39) 

58.05 ± 12.35 56.28 ± 13.14 0.5419 

There was insignificance difference in mean of  age between two study samples statistically 

58.05 ± 12.35 and 56.28 ± 13.14 in group 1 and group 2 resepectively. (Table 5) 
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Table 6: Comparison of Age (in year) across CKD stages (N=78) 

Age (in year) 
Stage of CKD Chi square 

 value 
P value 

Stage 1 (Normal) Stage 3 Stage 4 Stage 5 

<=48 (N = 20) 11 (55.00%) 3 (15.00%) 1 (5.00%) 5 (25.00%) 

2.00 0.9199 49-64 (N = 31) 15 (48.39%) 3 (9.68%) 4 (12.90%) 9 (29.03%) 

>64 (N = 27) 13 (48.15%) 5 (18.52%) 2 (7.41%) 7 (25.93%) 

 

In age group <=48 years, 11 (55.00%) participants were in stage 1, 3 (15.00%) participants 

were in stage 3, 1 (5.00%) participant were in stage 4 and 5 (25.00%) participants were in 

stage 5. In age group 49-64 years, 15 (48.39%) participants were in stage 1, 3 (9.68%) 

participants were in stage 3, 4 (12.90%) participants were in stage 4 and 9 (29.03%) 

participants were in stage 5. In age group >64 years, 13 (48.15%) participants were in stage 

1, 5 (18.52%) participants were in stage 3, 2 (7.41%) participants were in stage 4 and 7 

(25.93%) participants were in stage 5. The difference in proportion of age group among 

stages of CKD was reported as insignificant since the P- value was 0.9199. (Table 6) 

 

Table 7: Association of BMI with CKD different Stages (N=78) 

BMI 

Stage of CKD P Value [One 

 way ANOVA] 
Stage 1 (Normal) 

(N=39) 

Stage 3 

(N=11) 

Stage 4 

(N=7) 

Stage 5 

(N=21) 

24.59 ± 7.15 23.18 ± 2.04 25.14 ± 3.13 28.00 ± 4.69 0.0946 

The mean bmi was 24.59 ± 7.15 in stage 1, 23.18 ± 2.04 was in stage 3, 25.14 ± 3.13 was in 

stage 4 and it was 28.00 ± 4.69 in stage 5, the difference in BMI among the stages of CKD 

indicated no statistical significance where the P value was 0.0946. (4
th

 Table) 
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Table 8: Summary of Comorbidities in two study groups (N=78)  

Comorbidities 
Groups 

Chi square P value 
Cluster 1 (N=39) Cluster 2 (N=39) 

T2DM     

Yes 31 (79.49%) 32 (82.05%) 
0.08 0.7739 

No 8 (20.51%) 7 (17.95%) 

Hypertension     

Yes 31 (79.49%) 29 (74.36%) 
0.29 0.5909 

No 8 (20.51%) 10 (25.64%) 

 

Chart 3: Grouped bars depicting T2DM with Groups 

 

Graph 4: Hypertension distribution in each group with clustered bars 
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In the group 1, 31 (79.49%) people had T2DM and 31 (79.49%) people had hypertension. 

The difference in proportion of T2DM between groups was indicated as insignificant because 

the P- value was 0.7739. In the group 2, 32 (82.05%) people had T2DM and 29 (74.36%) 

people had hypertension. The difference in proportion of hypertension between groups 

reported insignificance since P- value = 0.5909. (Table 8 & Figure 3, 4) 

Table 9: Lab parameters as per the study samples in two groups (N=78)  

Lab parameters 
Groups P (Significance 

value) Cluster 1 (N=39) Cluster 2 (N=39) 

Pulse 80.05 ± 9.03 81.87 ± 9.05 0.7739 

Blood Pressure    

SBP 125.85 ± 20.76 127.64 ± 19.01 0.6915 

DBP 77.69 ± 13.27 78.46 ± 12.04 0.7893 

 

The mean pulse was 80.05 ± 9.03 in group 1 and in group2 81.87 ± 9.05, there was no 

significant difference in pulse rate in two groups of the study where P value= 0.7739. The 

mean systolic blood pressure (SBP) was 125.85 ± 20.76 in group 1 and it was 127.64 ± 19.01 

in group 2. The mean diastolic blood pressure (DBP) was 77.69 ± 13.27 in group 1 and it was 

78.46 ± 12.04 in group 2. the difference in SBP and also DBP indicated no difference in two 

samples of study significantly since the P value was>0.05. (Table 9) 

Table 10: Summary of Investigations between Groups along with comparison (N=78)  

Investigations Parameters 
Groups 

P Value 
Cluster 1 (N=39) Cluster 2 (N=39) 

Hemoglobin 9.00(8.0 to 9.8) 15.00(14.0 to 16.0) <0.001‡ 

WBC 8.00 ± 2.01 7.94 ± 2.05 0.9024† 

PLT 156.00(140.0 to 170.0) 298.00(265.0 to 337.5) <0.001‡ 

BI urea 79.00(67.5 to 128.0) 20.00(18.0 to 25.0) <0.001‡ 

Sr. Creat 5.00(1.9 to 6.9) 0.60(0.4 to 0.7) <0.001‡ 

Sodium 132.18 ± 3.74 135.75 ± 3.74 <0.001† 

Potassium 4.60(4.3 to 4.8) 4.00(3.6 to 4.6) <0.001‡ 
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Note: †-Independent t test, ‡-Mann Whitney test 

In group 1 and 2, the median of hemoglobin was 9.00 (IQR 8.0 to 9.8), 15.00 (IQR 14.0 to 

16.0) respectively where the difference in HB values identified as significant statistically in 

two groups of the study (P Value <0.001). The mean WBC was 8.00 ± 2.01 in group 1 and in 

the other group 7.94 ± 2.05, but no statistical significance reported between the groups. (P 

value 0.9024). The difference of PLT, BI urea, Sr. creatinine and potassium between groups 

reported significance as per the P Value <0.001. The mean sodium was 132.18 ± 3.74 in 

group 1 and it was 135.75 ± 3.74 in group 2, P value <0.001 indicated the statistical 

significance in sodium values in two samples of the groups.  (Table 10)  

Table 11: Association of CIMT (Carotid artery intimal medial thickness) with Groups 

in the study population (N=78) 

CIMT 
Groups P Value [Mann 

 Whitney Test] Cluster 1 (N=39) Cluster 2 (N=39) 

Left CIMT 7.50(5.25 to 8.45) 0.80(0.55 to 1.15) <0.001 

Right CIMT 7.30(5.55 to 8.2) 0.82(0.7 to 1.1) <0.001 

MEAN CIMT 7.70(5.88 to 8.75) 0.80(0.62 to 1.25) <0.001 

The difference in the (Left, Right, Mean) CIMT (Carotid artery intimal medial thickness) was 

statistically significant in the groups of the study  (p value <0.05). (Table 11) 

Table 12: EGFR compared between two groups  (N=78) 

EGFR 

Groups P Value [Mann 

 Whitney Test] Cluster 1 (N=39) Cluster 2 (N=39) 

14.10(10.0 to 34.55) 172.00(137.5 to 264.0) <0.001 

 

In group 1, the median EGFR was 14.10 (IQR 10.0 to 34.55) and it was 172.00 (IQR 137.5 to 

264.0) in group 2. EGFR showed significant difference in the study groups (P Value <0.001). 

(Table 12)  
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Table 13: Comparison of CIMT with CKD stages in the study participants (N=78)  

CIMT 

Non CKD Stage of CKD P Value [One 

 way ANOVA] 
Normal 

(N=39) 

Stage 3 

(N=11) 

Stage 4 

(N=7) 

Stage 5 

(N=21) 

Left CIMT 1.23 ± 1.33 4.02 ± 0.92 6.56 ± 0.61 8.93 ± 1.77 <0.001 

Right CIMT 1.12 ± 1.12 4.15 ± 0.97 6.76 ± 0.68 8.87 ± 1.89 <0.001 

MEAN CIMT 1.18 ± 1.12 4.60 ± 1.40 7.52 ± 1.42 9.10 ± 2.00 <0.001 

 

The mean of left CIMT was 1.23 ± 1.33 in nonCKD, 4.02 ± 0.92 in stage 3, 6.56 ± 0.61 in 

stage 4 and it was 8.93 ± 1.77 in stage 5. The mean of right CIMT was 1.12 ± 1.12 in 

nonCKD, 4.15 ± 0.97 in stage 3, 6.76 ± 0.68 in stage 4 and it was 8.87 ± 1.89 in stage 5.  The 

mean of CIMT was 1.18 ± 1.12 in nonCKD, 4.60 ± 1.40 in stage 3, 7.52 ± 1.42 in stage 4 and 

it was 9.10 ± 2.00 in stage 5. The difference in proportion of CIMT (Left, Right, Mean) 

among stages of CKD was found to be significant with a P- value reported as <0.001. (13
th

 

Table) 

 

Table 14: Correlation of CIMT with EGFR in the study population (N=78)  

CIMT 
EGFR 

P Value (spearman) 
rs Value (spearman) 

L CIMT -0.87 <0.001 

R CIMT -0.86 <0.001 

MEAN CIMT -0.86 <0.001 

 

There was a strong negative correlation between left CIMT and HDL (rs value: -0.87, P 

value: <0.001). There was a strong negative correlation between right CIMT and HDL (rs 

value: -0.86, P value: <0.001). There was a strong negative correlation between mean CIMT 

and HDL (rs value: -0.86, P value: <0.001). (Table 14 & Figure 5)  
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Figure 5: Scatter chart of camparison of  CIMT mean value with EGFR (N=78) 

 

Table 15: Comparison of CIMT with EGFR in the study population (N=78)  

CIMT 

EGFR 

Non 

CKD 

P Value 

[One way 

ANOVA] 

Kidney 

failure 

(<15) 

(N=21) 

Severe 

GFR (15-

29) 

(N=7) 

Moderate 

GFR (30-59) 

(N=11) 

Kidney 

damage with 

mild GFR(60-

89) 

(N=2) 

L CIMT 
8.93 ± 

1.77 

6.56 ± 

0.61 
4.02 ± 0.92 1.16 ± 0.63 

1.24 ± 

1.37 
<0.001 

R CIMT 
8.87 ± 

1.89 

6.76 ± 

0.68 
4.15 ± 0.97 0.92 ± 0.67 

1.13 ± 

1.14 
<0.001 

MEAN 

CIMT 

9.10 ± 

2.00 

7.52 ± 

1.42 
4.60 ± 1.40 1.04 ± 0.65 

1.18 ± 

1.14 
<0.001 

 

The mean of left CIMT was 8.93 ± 1.77 in kidney failure (<15) EGFR, 6.56 ± 0.61 in severe 

GFR (15-29), 4.02 ± 0.92 in moderate GFR (30-59), 1.16 ± 0.63 kidney damage with mild 

(60-89) and it was 1.24 ± 1.37 in non-CKD. The mean of right CIMT was 8.87 ± 1.89 in 
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kidney failure (<15) EGFR, 6.76 ± 0.68 in severe GFR (15-29), 4.15 ± 0.97 in moderate GFR 

(30-59), 0.92 ± 0.67 kidney damage with mild (60-89) and it was 1.13 ± 1.14 in non-CKD. 

The mean CIMT was 9.10 ± 2.00 in kidney failure (<15) EGFR, 7.52 ± 1.42 in severe GFR 

(15-29), 4.60 ± 1.40 in moderate GFR (30-59), 1.04 ± 0.65 kidney damage with mild (60-89) 

and it was 1.18 ± 1.14 in non-CKD. The mean difference of CIMT (Left, Right, Mean) 

among EGFR was significant with a P- value <0.001. (15
th

 Table) 

Table 16: CIMT comparison with TGL in the study population (N=78)  

CIMT 
TGL 

P Value (spearman) 
rs Value (spearman) 

L CIMT 0.40 <0.001 

R CIMT 0.41 <0.001 

MEAN CIMT 0.45 <0.001 

There was a weak positive association between left CIMT and TGL (rs value: 0.4, P value: 

<0.001). There was a weak positive (correlation) between right CIMT and TGL (rs value: 

0.41, P value: <0.001). There was a weak positive correlation between mean CIMT and TGL 

(rs value: 0.45, P value: <0.001). (Table 16) 

Table 17: Comparison of CIMT with TC in the study population (N=78)  

CIMT 
TC 

P Value (spearman) 
rs Value (spearman) 

L CIMT 0.26 0.0221 

R CIMT 0.26 0.0211 

MEAN CIMT 0.28 0.0130 

 

There was a weak positive correlation between left CIMT and TC (rs value: 0.26, P value: 

0.0221). There was a weak positive correlation between right CIMT and TC (rs value: 0.26, P 

value: 0.0211). There was a weak positive correlation between mean CIMT and TC (rs value: 

0.28, P value: 0.0130). (Table 17) 
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Table 18: Comparison of CIMT with HDL (N=78)  

CIMT 
HDL 

P Value (spearman) 
rs Value (spearman) 

L CIMT -0.50 <0.001 

R CIMT -0.54 <0.001 

MEAN CIMT -0.53 <0.001 

 

There was a weak negative correlation between left CIMT and HDL (rs value: -0.5, P value: 

<0.001). There was a moderate negative correlation between right CIMT and HDL (rs value: 

-0.54, P value: <0.001). There was a moderate negative correlation between mean CIMT and 

HDL (rs value: -0.53, P value: <0.001). (Table 18) 

 

Table 19: Comparison of CIMT with LDL  (N=78)  

CIMT 
LDL 

P Value (spearman) 
rs Value (spearman) 

L CIMT -0.12 0.2938 

R CIMT -0.11 0.3194 

MEAN CIMT -0.08 0.4859 

 

There was a weak negative correlation between left CIMT and LDL (rs value: -0.12, P value: 

2938). There was a weak negative correlation between right CIMT and LDL (rs value: -0.11, 

P value: 3194). There was a weak negative correlation between mean CIMT and LDL (rs 

value: -0.08, P value: 0.4859). (Table 19) 
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DISCUSSION: 

With a 13.4% global prevalence, chronic renal disease is a hazard for public health on a 

global scale. Risk of CVD is more in chronic disease patients due to high prevalence of CVS 

risk factors in them and two other mechanisms of CKD also add on to the risk. The two 

mechanisms are characteristic changes in vasculature brought about by kidney hormones, 

enzymes and cytokines released in response to kidney injury 
76

and cardiac damage by 

chronic kidney disease associated mediators and heamodynamic alterations 
53

. In those with 

chronic renal disease, a lower eGFR has been identified as a significant and substantial risk 

factor for heart disease 
77

. Early detection and treatment of in those with chronic renal 

disease, a lower eGFR has been identified as a significant and substantial risk factor for heart 

disease. CVD risk factors in CKD subjects is the key strategy to reduce CVD related 

morbidity and mortality in them 
78

. Diagnosis of cardiovascular disease risk in CKD subjects 

is vital because early initiation of therapies to reduce cardiovascular damage will help in 

reducing mortality. This study aims to aims to determine the thickness of carotid intimal 

medial at all stages of CKD  subjects and correlate of carotid intimal medial thicknesses with 

eGFR in several phases of CKD subjects.  

 

Final analysis included 78 subjects. They were grouped into two groups 1 and 2 each 

consisting of 39 participants. Group 1 consisted of subjects with chronic kidney disease and 

group 2 had subjects with normal kidney function. There was no substantial difference in age 

and gender in between the groups. The mean age was 58.05 ± 12.35 in group 1 and it was 

56.28 ± 13.14 in group 2. This observation of mean age of CKD subjects being more than 55 

years is similar to that observed in similar studies including in a study by Margekar, V., et al. 

79
 in which the mean age of CKD subjects ranged between 30 to 60 years and in a study by 

Hinderliter et al.
74

 in which the mean age of CKD patients was 61 ± 14 years. This 
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observation is slightly different from that observed in study by Kaiser, A, M., et al.
80

 in 

which the mean age of CKD participants was 36.1±9.5 years and in another study by Jha., et 

al.
81

 observed that in contrast to the considerably older age groups afflicted in affluent 

nations, CKD typically affects young individuals seen between ages of twenty and 55 years 

old in emerging regions of various parts of the world. 

In group 1 participants with CKD, in the age group of <=48 years,  (55.00%) participants 

were in stage 1,  (15.00%) participants were in stage 3,  (5.00%) participants were in stage 4 

and 5 (25.00%) participants were in stage 5. In age group 49-64 years, (48.39%) participants 

were in stage 1, (9.68%) participants were in stage 3, (12.90%) participants were in stage 4 

and 9 (29.03%) participants were in stage 5. In age group >64 years, (48.15%) participants 

were in stage 1, (18.52%) participants were in stage 3, (7.41%) participants were in stage 4 

and 7 (25.93%) participants were in stage 5 of CKD. In the study majority of subjects in 

stage 4 and 5 of CKD were in the age group of < 48 yrs and 49 to 64 years while in age 

groups greater than 64 years majority of participants stage 1 of CKD. The fact that chronic 

glomerulonephritis, one of the most common causes of CKD in Southeast Asia and Sub-

Saharan Africa, is one of the most likely reasons of CKD in the developing world, lends 

weight to the finding that individuals in younger age groups are in the disease's later stages 
81

.  

Multiple cardiovascular risk factors bring about changes in arterial walls of heart and 

measurement of carotid intima thickness gives understanding about these changes
58

. Hence 

carotid intima thickness measurement which is a noninvasive and reproducible method is 

used for prediction of cardiovascular disease risk and in identifying and quantifying 

subclinical CVD in individuals
82

.  

In present study the difference in the (Left, Right, Mean) CIMT (Carotid artery intimal 

medial thickness) between groups was statistically significant. The mean of left CIMT was 

1.23 ± 1.33 in non-CKD participants of Group 1, 4.02 ± 0.92 in stage 3, 6.56 ± 0.61 in stage 
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4 and it was 8.93 ± 1.77 in stage 5. The mean of right CIMT was 1.12 ± 1.12 in non-CKD 

participants, 4.15 ± 0.97 in stage 3, 6.76 ± 0.68 in stage 4 and it was 8.87 ± 1.89 in stage 5.  

The mean of CIMT was 1.18 ± 1.12 in non-CKD, 4.60 ± 1.40 in stage 3, 7.52 ± 1.42 in stage 

4 and it was 9.10 ± 2.00 in stage 5. These observations indicate increase in CIMT thickness  

in CKD patients in comparison with normal individuals and increase in CIMT thickness with 

progression of CKD disease. From these observations CKD can be considered as a risk factor 

for development of cardiovascular disease. This observation of increased risk of CVD which 

was reflected by increase in Carotid artery intima medial thickness in CKD patients was also 

reported in studies by Lawal, O, M., et al.
83

, Zoungas, S., et al. 
84

, Brzosko, S., et al.
85

, 

Kawagishi, T., et al.
86

, Lahoti, S., et al.
87

, Szeto, C., et al.
88

, Nakashima, A., et al.
89

, Yilmaz, 

M., et al.
90

.  

The observation of increase in CIMT thickness with progression in stages of CKD is similar 

to that reported in studies by Lahoti, S., et al.
87

, Ponna, A, K., et al.
91

, 

Table 20: The following table gives comparison of CIMT thickness in CKD patients and 

in normal individuals from different studies:  

Study 
Mean CIMT in CKD patients 

(in mm) 

Mean CIMT in normal 

individuals ( in mm) 

Present study 

Left CIMT: 4.02 ± 0.92 in stage 3 

6.56 ± 0.61 in stage 4 

8.93 ± 1.77 in stage 5 

Right CIMT: 4.15 ± 0.97 in stage 

3 

6.76 ± 0.68 in stage 4 

8.87 ± 1.89 in stage 

Left CIMT: 1.23 ± 1.33 

Right CIMT: 1.12 ± 1.12 

Lawal, O, M., et 

al.
83

 

Right CIMT: 1.1 ± 0.38 

Left CIMT: 1.1 ± 0.43 

Right CIMT: 0.70 ± 0.10 

Left CIMT: 0.70 ± 0.11 

 

Zoungas, S., et al. 
84

 0.89 ± –0.17 0.73 ± –0.13 

Lahoti, S., et al.
87

 0.80 ± 0.28 0.64 ± 0.16 

Szeto, C., et al.
88

 0.808 ± 0.196 - 

Brzosko, S., et al.
85

 0.76 ± 0.14 0.55 ± 0.07 

Nakashima, A., et 

al.
89

 
0.746 ± 0.142 - 

Yilmaz, M., et al.
90

 0.9 0.6 
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The mean of left CIMT was 8.93 ± 1.77 in kidney failure (<15) EGFR, 6.56 ± 0.61 in severe 

GFR (15-29), 4.02 ± 0.92 in moderate GFR (30-59), 1.16 ± 0.63 kidney damage with mild 

(60-89) and it was 1.24 ± 1.37 in non-CKD. The mean of right CIMT was 8.87 ± 1.89 in 

kidney failure (<15) EGFR, 6.76 ± 0.68 in severe GFR (15-29), 4.15 ± 0.97 in moderate GFR 

(30-59), 0.92 ± 0.67 kidney damage with mild (60-89) and it was 1.13 ± 1.14 in non-CKD. 

These observations indicate significant negative correlation between CIMT and stages of 

CKD or glomerular filtration rate. Some studies including a study by Rizikalo, A., et al. 
68

 

have shown similar undesirable association amongst CIMT and GFR, in another study by 

Buscemi et al. 
92

 in individuals with near average or modestly impaired renal function, a 

strong negative connection between GFR and CIMT was discovered; however, Desbien et al 

investigation .'s found that the influence of further CKD advancement produced different 

results.
93

  There has been substantial evidence linking CIMT to diminished renal function. 

Arroyo et al. observed lower CIMT in individuals with more advanced CKD, however some 

investigations, including one by Chhajed et al, identified no  significant link among CIMT 

with eGFR in CKD patients.
69

 
94

  

 

In the study a strong negative association among the mean CIMT and HDL levels was 

observed in CKD patients similar to that observed in studies by Shoji., et al.
95

 and Lahoti, S., 

et al
87

. Chronic renal disease is linked with alterations in lipoprotein metabolism, which may 

result in hypertriglyceridemia and the buildup of atherogenic components 
96

. The most 

common changes seen in CKD patients are hypertriglyceridemia, elevated LDL cholesterol, 

lipoprotein(a) components, and  ldl (Apo B)-containing lipoproteins, as well as low levels of 

HDL. In addition to contributing to the decline in HDL levels, chronic renal disease alters the 

lipoprotein's composition by, for example, lowering plasma levels of its 2 main constituents, 

apoA-I and apoA-II 
97

. The low levels of HDL concentration resulting in CKD may be one of 
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the factors responsible for increased CIMT. The antiatherosclerosis properties of HDL 

include  maintaining endothelium barrier function, hinder platelet initiation, collection, and 

formation of  thrombus
98

.  

The study found a weak +ve correlation among serum triglyceride levels and total cholesterol 

levels in CKD patients with CIMT. In studies by Lahoti, S., et al.
87

, Brzosko, S., et al.
85

 and 

Kawagishi, T., et al. 
86

 greater level of serum triglycerides and total cholesterol were 

observed in CKD patients. The presence of more chylomicron remains, which can enter 

vascular endothelium and cause atherosclerosis, is indicated by higher blood triglyceride 

levels 
99

. In the current investigation, individuals with CKD showed a limited connection 

among LDL levels and CIMT. 

 

In the study in group 1 which includes participants with CKD, the median of haemoglobin 

was 9.00 and it was 15.00 in group 2. Anaemia, a prevalent and predictable side effect of 

chronic renal disease. Reduced synthesis of erythropoietin is strongly correlated with 

decreased haemoglobin (Hb) levels, which are also a recognised risk factor for unfavourable 

cardiovascular outcomes
100

.  
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CONCLUSION 

This study found augmented carotid intima thickness in participants with CKD in comparison 

with normal individuals. The research discovered a significant inverse relationship between 

CIMT and eGFR. The study also found other factors like increased levels of total cholesterol, 

triglycerides, low LDL and HDL and declined haemoglobin levels in CKD patients in 

comparison with normal individuals which also contribute increased CIMT in them.  
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Recommendation: 

This study recommends CIMT measurement even in early stage for CKD patients for 

prediction of CVD risk in them and initiation of a scientifically supported medical procedure 

to lower cardiovascular risk, which would probably lower future CVD-related morbidity and 

death in CKD patients. 

Limitation: 

This study is a single center study based on small sample size and requires data from similar 

multicentre large sample-based studies for generalization of results.  
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SUMMARY 

 In the study majority of participants in stage 4 and 5 of CKD were in the age group of 

< 48 years and 49 to 64 years while in age groups greater than 64 years majority of 

participants stage 1 of CKD. 

 The study found increase in CIMT thickness in CKD subjects in comparison with 

normal individuals and increase in CIMT thickness with progression of CKD disease. 

 The study discovered a strong inverse relationship between glomerular filtration rate 

or CKD stages and CIMT. 

 In the research, individuals with CKD showed a significant negative connection 

between median CIMT and HDL values. In CKD patients with CIMT, the study 

discovered a marginally favorable connection between blood triglyceride levels and 

total cholesterol levels. 

 In the study in group 1 which includes participants with CKD, the median of 

haemoglobin was 9.00 and it was 15.00 in group 2.  
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PATIENT INFORMATION SHEET 

 

Name of the study - “CORRELATION OF CAROTID INTIMAL MEDIAL 

THICKNESS WITH eGFR IN PATIENTS WITH VARIOUS STAGES OF CKD A 

CASE CONTROL STUDY IN TERITIARY CARE CENTRE TAMAKA KOLAR” 

Chronic kidney disease (CKD) encompasses a spectrum of pathophysiologic processes 

associated with abnormal kidney function and a progressive decline in glomerular filtration 

rate (GFR).CKD in INDIA  are associated with increased morbidity and mortality, decreased 

quality of life and increased healthcare expenditures,at Sri Devaraj Urs Academy of Higher 

Education & Research has decided to undertake a study on this regard. 

We are inviting the patients with CKD to take part in this study, however based on criteria 

list, eligible participants will be chosen among the interested ones. 

Your participation in this research is entirely voluntary. It is your choice whether to 

participate or not. If you agree to participate in this study, you will undergo carotid doppler. 

We will collect blood samples to test CBC & eGFR using MRMD & also assess your 

balance. You can take your regular antidiabetic and hypertensive medications  during the 

exercise sessions. 

By participating in this research you will benefit by improved strength, balance required to 

do your daily activities effectively. Your participation will also help us to use the outcomes 

of this study for future subjects. Your participation in this study will not put you at any risk. 

All information collected from you will be strictly confidential & will not be disclosed to any 

outsider. This information collected will be used for research purpose. This information will 

not reveal your identity & this study have been reviewed by central ethical committee. 

There is no compulsion to participate in this study, further you are at the liberty to withdraw 

from the study at any time if you wish to do so. Your treatment aspect will not be affected if 

you not wish to participate. You are required to sign only if you voluntarily agree to 

participate in proposed study. A copy of this document will be given to you for your 

information. 
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INFORMED CONSENT FORM 

 

Name of the study - “CORRELATION OF CAROTID INTIMAL MEDIAL THICKNESS 

WITH eGFR IN PATIENTS WITH VARIOUS STAGES OF CKD A CASE CONTROL 

STUDY IN TERITIARY CARE CENTRE TAMAKA KOLAR”. 

I have read the foregoing information, or it has been read to me. I have had the opportunity to 

ask questions about it and any questions that I have asked have been answered to my 

satisfaction.  I consent voluntarily to participate as a participant in this research. 

Print Name of Participant__________________      

Signature of Participant ___________________   Date ________________

  

For illetrate - 

I have witnessed the accurate reading of the consent form to the potential participant, and the 

individual has had the opportunity to ask questions. I confirm that the individual has given 

consent freely.  

Print name of witness_____________________             AND         Thumb print of participant 

Signature of witness ______________________            Date ________________________ 

Statement by the researcher/person taking consent 

I  have accurately read out the information sheet to the potential participant with the best of 

my ability.I confirm that the participant was given an opportunity to ask questions about the 

study, and all the questions asked by the participant have been answered correctly and to the 

best of my ability. I confirm that the individual has not been coerced into giving consent, and 

the consent has been given freely and voluntarily.  

A copy of this ICF has been provided to the participant. 

Print Name of Researcher taking the consent________________________   

  

Signature of Researcher taking the consent__________________________   

Date___________ 
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PROFORMA for CORRELATION OF CAROTID INTIMAL MEDIAL 

THICKNESS WITH eGFR IN PATIENTS WITH VARIOUS STAGES OF 

CKD A CASE CONTROL STUDY IN TERITIARY CARE CENTRE 

TAMAKA KOLAR 
 

 

Name:  

 

Age: 

 

Sex: 

 

Occupation: 

 

UHID number: 

 

Phone number: 

 

Address: 

 

Complaints with duration:  

 

Previous history:  

 

Family history: 

 

     Past history: 

 

 

GENERAL PHYSICAL EXAMINATION: 

 

Built and nourishment: 

 

Pallor/Cyanosis/Icterus/Clubbing/edema/Generalized lymphadenopathy 

 

 

                            

  VITAL DATA: 

 

Pulse:  

  

Temperature:  

  

BP:  

  

Respiration rate: 
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Systemic examination: 

 

Per abdomen: 

 

 

Respiratory system:  

 

 

Cardio vascular system: 

 

 

Central nervous system: 

 

 

                   

        INVESTIGATIONS 

 

COMPLETE HEMOGRAM 

 

 

 

 

BLOOD UREA 

 

 

 

SERUM CREATININE 

 

 

 

SERUM ELECTROLYTES 

 

 

 

SPECIFIC PARAMETER  

 

 

CAROTID DOPPLER 

 

 

 

 

 

 

eGFR using MRMD EQUATION: 

 

 

USG ABDOMEN AND PELVIS: 
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1 Male 61 Yes Yes 80 90 40 S1S2+. B/LAE+ SOFT NFND 9 5.6 150 70 

2 Female 71 Yes Yes 72 130 80 S1S2+. B/LAE+ SOFT NFND 10 7.8 175 68 

3 Male 71 No Yes 71 130 80 S1S2+. B/LAE+ SOFT NFND 8 8.9 168 65 

4 Female 44 Yes No 60 80 60 S1S2+. B/LAE+ SOFT NFND 7 8.5 144 78 

5 Female 56 No Yes 82 130 90 S1S2+. B/LAE+ SOFT NFND 8.5 7 188 90 

6 Male 72 Yes Yes 86 120 80 S1S2+. B/LAE+ SOFT NFND 9.3 8 194 112 

7 Male 80 No No 72 170 100 S1S2+. B/LAE+ SOFT NFND 8 9 123 79 

8 Male 64 Yes Yes 82 180 80 S1S2+. B/LAE+ SOFT NFND 10 10 134 80 

9 Male 56 Yes No 86 140 80 S1S2+. B/LAE+ SOFT NFND 7 4 156 70 

10 Male 66 Yes Yes 82 150 80 S1S2+. B/LAE+ SOFT NFND 6 6 166 68 

11 Female 72 Yes Yes 84 118 70 S1S2+. B/LAE+ SOFT NFND 8 7 188 55 

12 Female 52 Yes Yes 94 120 80 S1S2+. B/LAE+ SOFT NFND 10 12 190 76 

13 Female 34 No Yes 95 130 70 S1S2+. B/LAE+ SOFT NFND 9 9 150 74 

14 Female 40 Yes Yes 88 140 60 S1S2+. B/LAE+ SOFT NFND 8 5 140 88 

15 Male 40 Yes Yes 92 110 70 S1S2+. B/LAE+ SOFT NFND 7 6 130 145 

16 Male 50 Yes Yes 69 110 90 S1S2+. B/LAE+ SOFT NFND 9 7.8 120 133 

17 Male 73 Yes Yes 70 150 100 S1S2+. B/LAE+ SOFT NFND 8 9.9 140 190 

18 Male 63 Yes No 90 100 70 S1S2+. B/LAE+ SOFT NFND 9.5 5 150 120 

19 Male 70 Yes Yes 92 140 90 S1S2+. B/LAE+ SOFT NFND 8.7 7.8 170 133 

20 Female 61 Yes Yes 100 130 80 S1S2+. B/LAE+ SOFT NFND 9.6 10 160 144 

21 Male 40 Yes Yes 76 110 70 S1S2+. B/LAE+ SOFT NFND 10 11 150 133 

22 Male 51 Yes Yes 75 100 80 S1S2+. B/LAE+ SOFT NFND 9 12 170 155 

23 Male 42 Yes Yes 86 110 70 S1S2+. B/LAE+ SOFT NFND 8.9 8.9 180 123 

24 Male 52 No Yes 76 130 80 S1S2+. B/LAE+ SOFT NFND 9.9 7.7 140 133 

25 Female 55 Yes Yes 80 130 90 S1S2+. B/LAE+ SOFT NFND 10 8.8 130 88 

26 Female 72 Yes Yes 84 130 80 S1S2+. B/LAE+ SOFT NFND 7.9 4.7 140 67 

27 Male 58 Yes No 86 100 70 S1S2+. B/LAE+ SOFT NFND 8.5 6.6 150 56 

28 Male 50 Yes No 72 120 80 S1S2+. B/LAE+ SOFT NFND 8.9 7.6 130 67 

29 Male 70 Yes Yes 80 110 70 S1S2+. B/LAE+ SOFT NFND 10 8.8 156 53 

30 Male 60 Yes No 80 160 120 S1S2+. B/LAE+ SOFT NFND 8 6 170 88 

31 Male 65 Yes Yes 65 140 80 S1S2+. B/LAE+ SOFT NFND 9 5 176 134 
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32 Male 60 No Yes 70 110 70 S1S2+. B/LAE+ SOFT NFND 8.6 6.7 187 76 

33 Male 68 Yes Yes 82 110 70 S1S2+. B/LAE+ SOFT NFND 9.8 7.4 199 65 

34 Male 70 Yes Yes 84 110 70 S1S2+. B/LAE+ SOFT NFND 7.9 8 156 34 

35 Male 44 Yes No 65 130 80 S1S2+. B/LAE+ SOFT NFND 10 9 170 55 

36 Male 42 No Yes 72 120 60 S1S2+. B/LAE+ SOFT NFND 11 8.9 156 66 

37 Male 64 Yes Yes 86 140 70 S1S2+. B/LAE+ SOFT NFND 9 9.5 143 83 

38 Male 70 Yes Yes 76 140 80 S1S2+. B/LAE+ SOFT NFND 9.2 10 155 79 

39 Male 35 No Yes 80 140 90 S1S2+. B/LAE+ SOFT NFND 9.8 11 130 144 

40 Male 70 Yes Yes 92 140 90 S1S2+. B/LAE+ SOFT NFND 12 7.8 298 17 

41 Male 61 Yes Yes 100 130 80 S1S2+. B/LAE+ SOFT NFND 13 10 287 12 

42 Male 40 No Yes 76 110 70 S1S2+. B/LAE+ SOFT NFND 14 11 356 23 

43 Male 51 Yes No 75 100 80 S1S2+. B/LAE+ SOFT NFND 15 12 378 24 

44 Male 42 Yes Yes 86 110 70 S1S2+. B/LAE+ SOFT NFND 16 8.9 324 26 

45 Male 52 Yes Yes 76 130 80 S1S2+. B/LAE+ SOFT NFND 13 7.7 412 19 

46 Male 55 No No 80 130 90 S1S2+. B/LAE+ SOFT NFND 17 8.8 364 20 

47 Male 72 Yes Yes 84 130 80 S1S2+. B/LAE+ SOFT NFND 14 4.7 312 29 

48 Male 58 Yes Yes 86 100 70 S1S2+. B/LAE+ SOFT NFND 13 6.6 298 17 

49 Male 50 Yes No 72 120 80 S1S2+. B/LAE+ SOFT NFND 14 7.6 267 19 

50 Male 70 Yes Yes 80 110 70 S1S2+. B/LAE+ SOFT NFND 17 8.8 287 19 

51 Female 60 Yes Yes 80 160 120 S1S2+. B/LAE+ SOFT NFND 16 6 234 20 

52 Male 65 No Yes 65 140 80 S1S2+. B/LAE+ SOFT NFND 18 5 265 21 

53 Male 60 Yes Yes 70 110 70 S1S2+. B/LAE+ SOFT NFND 15 6.7 276 22 

54 Female 68 Yes Yes 82 110 70 S1S2+. B/LAE+ SOFT NFND 19 7.4 265 26 

55 Male 70 Yes Yes 84 110 70 S1S2+. B/LAE+ SOFT NFND 15 8 226 28 

56 Male 44 No Yes 65 130 80 S1S2+. B/LAE+ SOFT NFND 14 9 224 17 

57 Male 42 Yes Yes 72 120 60 S1S2+. B/LAE+ SOFT NFND 17 8.9 233 28 

58 Male 64 Yes Yes 86 140 70 S1S2+. B/LAE+ SOFT NFND 13 9.5 231 23 

59 Female 70 Yes Yes 76 140 80 S1S2+. B/LAE+ SOFT NFND 15 10 321 27 

60 Female 35 No No 80 140 90 S1S2+. B/LAE+ SOFT NFND 14 11 321 19 

61 Female 72 Yes Yes 86 120 80 S1S2+. B/LAE+ SOFT NFND 17 8 28 26 

62 Female 80 Yes Yes 72 170 100 S1S2+. B/LAE+ SOFT NFND 13 9 338 19 

63 Male 64 Yes Yes 82 180 80 S1S2+. B/LAE+ SOFT NFND 14 10 337 20 

64 Male 56 Yes No 86 140 80 S1S2+. B/LAE+ SOFT NFND 15 4 356 16 

65 Male 66 No Yes 82 150 80 S1S2+. B/LAE+ SOFT NFND 13 6 367 18 

66 Male 72 Yes Yes 84 118 70 S1S2+. B/LAE+ SOFT NFND 14 7 387 18 
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67 Male 52 Yes Yes 94 120 80 S1S2+. B/LAE+ SOFT NFND 15 12 327 19 

68 Female 34 Yes No 95 130 70 S1S2+. B/LAE+ SOFT NFND 16 9 345 16 

69 Male 40 Yes No 88 140 60 S1S2+. B/LAE+ SOFT NFND 14 5 239 18 

70 Male 40 Yes Yes 92 110 70 S1S2+. B/LAE+ SOFT NFND 14 6 336 23 

71 Male 50 Yes No 69 110 90 S1S2+. B/LAE+ SOFT NFND 18 7.8 376 26 

72 Female 73 Yes Yes 70 150 100 S1S2+. B/LAE+ SOFT NFND 12 9.9 276 24 

73 Male 63 Yes Yes 90 100 70 S1S2+. B/LAE+ SOFT NFND 13 5 300 28 

74 Female 70 Yes Yes 92 140 90 S1S2+. B/LAE+ SOFT NFND 14 7.8 18 19 

75 Male 34 Yes No 95 130 70 S1S2+. B/LAE+ SOFT NFND 15 9 287 13 

76 Female 40 Yes No 88 140 60 S1S2+. B/LAE+ SOFT NFND 17 5 278 17 

77 Male 40 No Yes 92 110 70 S1S2+. B/LAE+ SOFT NFND 16 6 300 26 

78 Female 50 Yes Yes 69 110 90 S1S2+. B/LAE+ SOFT NFND 19 7.8 200 21 
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1 1.9 132 4.6 3.9 4 5.9 43.9 GRADE 3 3B Stage 3 Group 1 25 533 233 43 100 

2 1.5 134 5 3 3.9 4.9 41.5 GRADE 2 3B Stage 3 Group 1 24 200 267 40 163 

3 1.8 136 4.9 4.8 5.7 7.6 33.6 GRADE 2 3B Stage 3 Group 1 26 367 256 34 110 

4 2.5 138 3.8 5.6 6.7 6.1 25.4 GRADE 2 Four Stage 4 Group 1 27 246 189 37 130 

5 3.6 140 4.7 7 7.2 7.1 15.9 GRADE 3 Four Stage 4 Group 1 31 256 176 35 150 

6 5.4 129 4.8 8.4 8.7 12.7 12.7 GRADE 3 Five Stage 5 Group 1 34 600 346 34 80 

7 2.8 133 3.8 5.9 5.7 8.75 26.6 GRADE 2 Four Stage 4 Group 1 24 401 256 29 116 

8 3.4 128 4.5 6.6 6.9 10.05 22.2 GRADE 2 Four Stage 4 Group 1 25 478 199 37 114 

9 1.6 127 4.8 3.7 3.9 3.8 40.4 GRADE 2 3B Stage 3 Group 1 21 234 150 42.4 90 

10 1.9 132 4.2 4 4.2 4.1 43.2 GRADE 2 3B Stage 3 Group 1 22 345 160 45 92 

11 1.3 133 4.7 2.9 2.8 2.85 48 GRADE 2 3A Stage 3 Group 1 23 167 183 39 99 

12 1.6 129 4.9 3.8 3.9 3.85 44.2 GRADE 2 3B Stage 3 Group 1 20 233 156 45 175 

13 1.5 130 4.6 4.9 5.4 5.15 48.2 GRADE 2 3A Stage 3 Group 1 21 245 199 50 85 

14 1.9 133 4.5 4.3 4.4 4.35 35.5 GRADE 2 3B Stage 3 Group 1 24 213 176 37 105 

15 8 140 4.5 10 9.8 9.9 9.1 GRADE 3 Five Stage 5 Group 1 34 356 301 26.3 98 

16 7.6 130 5 8 7.9 7.95 9.2 GRADE 3 Five Stage 5 Group 1 35 298 213 56.1 86 

17 7.7 125 4.6 8.2 8 8.1 8.4 GRADE 3 Five Stage 5 Group 1 36 312 200 57 110 

18 8.8 133 4.8 10.5 10.8 10.65 8.3 GRADE 3 Five Stage 5 Group 1 34 367 245 64 193 

19 6.7 136 4.3 8.6 8.4 8.5 10 GRADE 3 Five Stage 5 Group 1 20 297 199 26.3 56 



 

 

 Page 76 
 

20 5.9 138 4.7 8.7 8.8 8.75 10.7 GRADE 3 Five Stage 5 Group 1 27 312 277 60 45 

21 8.9 135 4.9 9.8 10.2 10 8 GRADE 3 Five Stage 5 Group 1 30 277 167 38 108 

22 9 130 4.6 11 11.2 11.1 7.6 GRADE 3 Five Stage 5 Group 1 31 356 176 41.5 53 

23 8.8 138 3.9 9.8 9.5 9.65 8.1 GRADE 3 Five Stage 5 Group 1 26 289 125 38 65 

24 7 132 5 8 7.5 7.75 10.1 GRADE 3 Five Stage 5 Group 1 26 178 178 56 75 

25 3.7 131 4.3 7.3 7.8 7.55 15.4 GRADE 3 Four Stage 4 Group 1 21 256 345 32 57 

26 3 129 4.7 6.6 6.2 6.4 18.6 GRADE 3 Four Stage 4 Group 1 24 314 267 36 120 

27 5 127 4.6 7.7 7 7.35 14.5 GRADE 3 Five Stage 5 Group 1 25 233 345 36 89 

28 4.4 129 3.9 6.9 6.8 6.7 19.4 GRADE 3 Four Stage 4 Group 1 24 276 234 38.2 108 

29 5 128 3.8 7.7 7.9 7.8 14 GRADE 3 Five Stage 5 Group 1 22 278 218 28 110 

30 5.6 133 3.9 8.5 7.9 8.2 12.7 GRADE 3 Five Stage 5 Group 1 28 312 256 29.3 95 

31 10 132 4 12 12.6 12.3 6.4 GRADE 3 Five Stage 5 Group 1 26 456 289 26.3 110 

32 6.5 132 4.6 5.8 5.9 5.85 10.7 GRADE 3 Five Stage 5 Group 1 23 213 243 34.5 96 

33 5 133 5 7.9 7.3 7.6 14.1 GRADE 3 Five Stage 5 Group 1 25 276 213 26 110 

34 1.5 132 3.9 3 2.5 2.75 56.1 GRADE 2 3A Stage 3 Group 1 26 187 234 40 95 

35 1.9 133 4.6 5.9 4.9 5.4 46.9 GRADE 2 3A Stage 3 Group 1 23 200 213 50 96 

36 5.7 128 4.7 7.9 7.5 7.7 13.3 GRADE 3 Five Stage 5 Group 1 28 198 194 37.9 120 

37 6.8 129 4.3 7.9 8 7.95 10 GRADE 3 Five Stage 5 Group 1 28 176 134 36 69 

38 6.4 130 4.7 7.5 7.9 7.7 10.5 GRADE 3 Five Stage 5 Group 1 29 127 178 35 86 

39 12 138 5 13.7 13.5 13.6 5.9 GRADE 3 Five Stage 5 Group 1 21 300 176 112 96 

40 0.5 137 3.6 1.2 1.4 1.3 199 NORMAL One Stage 1 Group 2 18 176 245 99 96 

41 0.6 136 3.6 0.6 0.8 0.7 166 NORMAL One Stage 1 Group 2 20 154 215 89 120 

42 0.3 133 4.1 0.9 1 0.95 402 NORMAL One Stage 1 Group 2 23 128 178 45 110 

43 0.8 139 4.6 0.5 0.8 0.65 123 NORMAL One Stage 1 Group 2 2 233 123 167 96 

44 0.4 137 4.6 0.4 0.52 0.46 285 NORMAL One Stage 1 Group 2 5 245 199 123 98 

45 0.7 136 4.6 0.6 0.5 0.55 143 NORMAL One Stage 1 Group 2 27 333 213 90 105 

46 0.4 131 3.5 0.5 0.5 0.5 270 NORMAL One Stage 1 Group 2 24 199 134 24 130 

47 0.5 136 4.2 1.1 1.1 1.1 198 NORMAL One Stage 1 Group 2 21 316 287 126 120 

48 0.7 136 4.1 0.6 0.7 0.65 140 NORMAL One Stage 1 Group 2 26 298 213 187 95 

49 0.6 135 3.9 0.4 0.8 0.6 172 NORMAL One Stage 1 Group 2 19 134 175 90 102 

50 0.9 127 3.9 3 5 4 101 NORMAL One Stage 1 Group 2 24 312 193 40 103 

51 1 140 3.5 0.71 0.45 0.58 68.5 NORMAL One Stage 1 Group 2 26 356 200 50 98 

52 0.3 138 4.2 0.5 0.7 0.6 364 NORMAL One Stage 1 Group 2 29 193 123 233 110 

53 0.6 132 4.9 0.8 0.8 0.8 166 NORMAL One Stage 1 Group 2 28 213 199 180 102 

54 0.4 138.3 4.6 1.1 1.3 1.2 192 NORMAL One Stage 1 Group 2 21 256 212 123 89 
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55 0.7 140 3.7 1.6 1.4 1.5 135 NORMAL One Stage 1 Group 2 28 256 199 127 85 

56 0.8 134 3.4 0.8 0.7 0.75 127 NORMAL One Stage 1 Group 2 38 167 190 190 110 

57 0.6 139 4 0.7 0.9 0.8 179 NORMAL One Stage 1 Group 2 32 212 211 43.8 104 

58 0.3 135 3.8 0.8 1 0.9 365 NORMAL One Stage 1 Group 2 39 342 170 89 98 

59 0.5 130 5.45 1 1 1 147 NORMAL One Stage 1 Group 2 31 312 213 79 98 

60 0.7 130 3.7 0.79 0.82 0.8 155 NORMAL One Stage 1 Group 2 36 167 177 89 92 

61 0.7 138 4.6 1.1 0.9 1 99 NORMAL One Stage 1 Group 2 34 178 123 87 11 

62 0.5 139 4.1 1.6 1.2 1.4 143 NORMAL One Stage 1 Group 2 29 312 289 90 86 

63 0.4 136 4.7 0.8 1.1 0.95 262 NORMAL One Stage 1 Group 2 21 234 178 56 89 

64 0.2 138 4.9 0.6 1.2 0.9 600 NORMAL One Stage 1 Group 2 23 256 189 99 98 

65 0.3 137 3.4 0.9 0.6 0.75 363 NORMAL One Stage 1 Group 2 26 216 190 78 95 

66 0.5 133 3.8 1.5 1.1 1.3 198 NORMAL One Stage 1 Group 2 28 212 199 123 102 

67 0.6 136 3.5 0.8 0.8 0.8 171 NORMAL One Stage 1 Group 2 25 199 189 245 103 

68 0.7 135 3.7 6 1 3.5 116 NORMAL One Stage 1 Group 2 26 233 176 199 98 

69 0.2 130 5.48 0.5 0.5 0.5 642 NORMAL One Stage 1 Group 2 20 187 190 38 110 

70 0.7 136 3.6 0.8 0.8 0.8 151 NORMAL One Stage 1 Group 2 18 256 217 78 102 

71 0.5 136 3.9 6.1 6.3 6.2 213 NORMAL One Stage 1 Group 2 19 218 366 89 89 

72 0.8 136 3.5 1.6 1.4 1.5 85.2 NORMAL One Stage 1 Group 2 26 245 278 112 85 

73 0.9 143 3.4 0.5 0.8 0.65 103 NORMAL One Stage 1 Group 2 24 356 245 29 110 

74 0.3 135 3 1.44 1.4 1.42 266 NORMAL One Stage 1 Group 2 27 267 213 96 104 

75 0.5 136 4 4 1 2.5 230 NORMAL One Stage 1 Group 2 21 189 190 178 98 

76 0.7 138 4.2 0.4 0.4 0.4 134 NORMAL One Stage 1 Group 2 25 129 126 198 98 

77 0.6 145 4.7 0.41 0.44 0.425 180 NORMAL One Stage 1 Group 2 26 199 134 34 92 

78 0.2 128 4.3 0.47 0.55 0.51 455 NORMAL One Stage 1 Group 2 24 213 201 190 11 

 


