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INTRODUCTION 

 

Chronic kidney disease (CKD) is emerging.to be an important chronic 

disease globally1. The incidence and prevalence of CKD patients is increasing 

globally, reflecting the growing elderly population and increasing incidence 

of patients with hypertension and diabetes. 

As the number of CKD patients increase, primary care physicians will 

be confronted.with management of the diverse medical problems unique to 

patients with chronic renal impairment. 

Stroke and cardiovascular disease are the most common causes of 

death in chronic kidney disease, with a relative risk of 10 to 20 times that of 

age and sex matched generalpopulation.2,3,4  

Atherosclerosis is advanced in patients with CKD. The most important 

risk factors in normal population are Diabetes., hypertension, cigarette 

smoking, hyperlipidemia and advanced age. It is unclear whether the risk 

factors for atherosclerosis in CKD. are similar to those in the normal 

population or there are few other factors playing a significant role in CKD. 

The CKD related risk factors like hyperphosphatemia, 

.hyperparathyroidism, increased FGF-23, anemia play a major role in 

occlusive coronary, cerebrovascular and peripheral vascular disease. 

Calcium phosphate deposition, predominantly.in the form of apatite, is 

the hallmark of vascular calcification and can occur in the myocardium, 
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cardiac valves and blood vessels. Increased serum phosphate concentration is 

a significant risk factor for vascular calcification,5 which is an advanced form 

of atherosclerosis. But it is not clear whether serum phosphate concentration 

is associated with arterial wall thickness in CKD.  

In our study, we have studied the various risk factors for increase in 

arterial wall thickness in CKD patients. 
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REVIEW OF LITERATURE 

 
Chronic kidney disease includes a spectrum.of pathophysiologic 

processes associated with abnormal kidney function. and a progressive 

decrease in glomerular filtration rate. 

Definition: 

CKD is defined as the presence of kidney damage., manifested by 

abnormal albumin excretion or decreased kidney .function., quantified by 

measured or estimated glomerular filtration rate (GFR) ., that persists for more 

than three months6.7. 

PATHOPHYSIOLOGY: 
 

PATHOPHYSIOLOGY 

 

 

 

 

 

 

 

Theresponses to reduction.in nephron number.are mediated by 

cytokines, growth factors and vasoactive hormones. In due course, these 

short-term adaptations of hyperfiltration and hypertrophy become 

(1) initiating 
mechanisms 
specific to the 
underlying etiology  

(2) a set of progressive mechanisms, 
involving hyperfiltration. and hypertrophy 
of the remaining viable nephrons, that are 
a common consequence following long-
term reduction of renal mass, irrespective 
of underlying etiology. 
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maladaptiveas the increased flow and pressure within the nephron predisposes 

to distortion.of glomerular architecture, abnormal podocyte function., and 

disruption of the filtration barrier leading to sclerosis.and dropout of the 

remaining nephrons. 

 Increased activity of the renin.-angiotensin system (RAS) intrarenally, 

contributes both to the initial adaptive hyperfiltration. and to the subsequent 

maladaptive hypertrophy and sclerosis. This process explains why a 

reduction.inrenal mass from an isolated insult.may lead to a progressive 

decline.inrenal function over many years. 
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Although creatinine clearances can be calculated.from urine creatinine 

concentration measured.in a 24 hour urine collection.and a concomitant serum 

creatinine concentration., a more practical approach in the office.is to estimate 

GFR (estimated GFR or eGFR) from the serum creatinine concentration., 

using either the Cockcroft-Gault.or the Modification of Diet in Renal Disease 

(MDRD) Study estimating equations8. 

Traditionally, a single measure of serum creatinine.has been used to 

assess the glomerular function.and by corollary, diagnosis and staging of 

chronic kidney disease(CKD). For any individual, plasmacreatinine values are 

tightly distributed.arounda homeostatic set-point., with an intra-individual 

variation (CVi) of 5.3%9. The result of this is that an individual may show a 

.significant increase in serum creatinine with deterioration in renal function., 

yet still have a result. which falls within the normal range. 
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Furthermore, there are numerous factors.which affect the plasma 

concentrations of creatinine, namely muscle mass, .diet, gender, age and 

ethnicity. A very lean elderly individual with renal impairment. may have a 

normal plasma creatinine despite a reduced GFR. Conversely a very muscular 

young.individual may have an apparently abnormal creatinine. despite having 

a normal GFR. These limitations have changed the focus.on more direct 

measurement of GFR. 

GFR AND CREATININE CLEARANCE: 

A perfect filtration marker should have the following characteristics: 

1.  Is not protein bound 

2. Freely filtered by the glomerulus 

3. Is not metabolized by the kidneys 

4. Is physiologically inert 

 Very few substances fulfill these criteria, the gold standard is inulin, a 

plant polysaccharide. Other alternatives include administration of 

radionucleotides such as 125Iothalamate, 51Cr-EDTA or 99mTc-DTPA, which 

are too costly for routine use. None of these tests can be used as a screening 

procedure for the detection of CKD. 

 A 24h urine creatinine clearance was considered. as a more sensitive 

tool for assessing renal impairment than a single plasma creatinine 

measurement in the past.  However, the inconvenience of a timed urine 

collection., failure to collect the entire specimen, and the wide (11%) within-
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subject variability., restrict the usefulness of this procedure10. Furthermore, 

there is some tubular secretion of creatinine.and as a result, healthy 

individuals could have a creatinine clearance regularly exceeding that of 

inulin clearance by 10 to 40%, thereby overestimating GFR.and masking any 

future renal impairment11. 

While recognising the inadequacies.of plasma creatinine and a 24 h 

creatinine clearance., the National Kidney Foundation Disease Outcomes 

Quality Initiative (K-DOQI) recommended use of estimates.of GFR calculated 

from prediction equations based on plasma or serum creatinine12 

COCKCROFT AND GAULT FORMULA: 

In 1976, Cockcroft and Gault published an equation to predict 

creatinine clearance based on age, weight, height and plasma creatinine, 

together with correction factors13 

eGFR (mL/min)= [(140 – age.) × Wt./ (0.814 × S.Cr in µmol/L.)] × (0.85 if 

female) 

MDRD EQUATION: 

 In 1999, a great change in the utilization of creatinine.- based 

calculation of GFR was launched in practice by Levey et al.
14who validated a 

new equation for calculating eGFR.based on serum creatinine, age, sex and 

ethnicity as well as urea and albumin.using 6- variables Modification of 

Diet.in Renal Disease (6-v MDRD) equation. The inclusion of urea and 
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albumin.was a limitation for the added cost and..analytical variation. 

Recognizing this, in 2000 Levey et al.
15 subsequently published.a 4-variables 

(4-v MDRD) equation that does not require albumin.and urea with no impact 

on accuracy, whereby: 

eGFR (mL/min/1.73m2).= 186 (S.Cr in µmol/l.× 0.011312) -1.154 × (.age)-

0.203 × (0.742 if female) × (1.212 if African/American Black) 

 

 The MDRD equation was formulated in a population.with sub-optimal 

.kidney function. Hence, its accuracy in predicting GFR is reflected best.in 

those with mild kidney impairment. In those with a normal eGFR>90 

ml/min/1.73m2, MDRD tends to underestimate renal function. 

CKD – EPI EQUATION: 

In view of these concerns, the CKD-Epidemiology Colloboration group 

(CKD-EPI) formulated a new equation.in 2009 to match the accuracy.of the 

MDRD equation at eGFR<60 ml/min/1.73m2  and to provide better 

accuracy.at higher GFR, minimizing the over diagnosis of CKD.with the 

MDRD equation16. 
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For female with creatinine< 62 µmol/L: 
 

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

For female with creatinine> 62 µmol/L: 
 

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

For male with creatinine< 80 µmol/L: 
 

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

For male with creatinine> 80 µmol/L: 
 

eGFR (mL/min/1.73m2).= 141 x. (Cr/79.2)-1.209 .x (0.993)Age 
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11

SEEK (Screening and Early.Evaluation of Kidney Disease) study.was done 

in 6120 Indian subjects from 13 academic.and private medical centers all over 

India. 

 The total cohort.included in this .analysis is 5588 subjects. The 

mean ± SD age of all participants was 45.22 ± 15.2 years. (range 18–98 

years) and 55.1% of them were males and 44.9% were females108. 

 Prevalence of CKD stages 1, 2, 3, 4 and 5 was 7%, 4.3%, 4.3%, 

0.8% and 0.8%, respectively.108 

 
COMPLICATIONS: 

 

1. ANEMIA: 
 

 The World Health Organization defines anemia.as a hemoglobin level 

less than 13 g/dL in men and post-menopausal.women, and less than 12 g/dL 

in pre-menopausal women17. The NKF defines anemia as a hemoglobin.of less 

than 13.5 g/dL in men and less than 12.0 g/dL in women18. 

 A normochromic, normocytic anemia usually.accompanies progressive 

CKD19 and the overall prevalence.of CKD-associated anemia is approximately 

50% 20.  

 Although anemia may be diagnosed.in patients at any stage of CKD, 

there is a strong correlation between the prevalence. of anemia and the 
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 The morbidity and mortality from cardiovascular complications.like 

left ventricular hypertrophy., angina and heart failure is increased.due to the 

anemia of CKD. This may further deteriorate the renal function.and the 

establishment of a vicious cycle termed. ‘cardiorenal anemia syndrome’. 

2. DYSLIPIDEMIA: 

 One of the major risk factor for cardiovascular.morbidity and mortality 

is dyslipidemia and it is very common in CKD patients. 

 Several factors play a role in the development. of dyslipidemia in CKD 

patients. The activity of lipoprotein lipase.and hepatic triglyceride.lipase is 

reduced in CKD. This interferes with uptake of triglyceride-rich., 

apolipoprotein B. - containing lipoproteins by the liver and in peripheral 

tissue., yielding increased circulation of these atherogenic lipoproteins. 

 A complete fasting lipid profile.with assessment of total, LDL and 

HDL.cholesterol and triglyceride levels.should be included.in the evaluation of 

patients with CKD. 

3. MINERAL AND BONE DISORDERS: 

 Renal osteodystrophy is a spectrum.of histological changes. that occur 

in bone architecture in patients with CKD. Changes in bone architecture can 

be caused by either a low bone turnover state..(adynamic bone disorder and 

osteomalacia).or a high turnover state(osteitisfibrosacystica). 
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 The type of CKD-mineral bone disease and renal 

osteodystrophy..differs in pre-dialysis and end stage renal disease patients. 

High turnover bone diseaseis most prevalent.in pre-dialysis patients. Low 

bone turnover disease predominates.in dialysis patients. Patients with low 

turnover disease represent the majority.of cases of renalosteodystrophy23. The 

cause of this prevalent bone phenotype.results from oversuppression of 

parathyroid hormone.and high calcium dialysate concentration24. 

 CKD-associated mineral bone disorders.are associated.with a significant 

increase in mortality of CKD patients. In fact, hyperphosphatemia is one of 

the most important risk factors..associated with cardiovascular disease in CKD 

patients25. The exact mechanism underlying this association remains unclear. 

It is believed to be related to hyperparathyroidism26 and vascular calcification., 

which results from high phosphorus levels27. 

4. CARDIOVASCULAR RISK: 

 The presence of any stage of CKD is a major risk factor.for ischemic 

cardiovascular disease. The increased prevalence of vascular disease in CKD 

patients is due to both traditional and nontraditional (CKD-related) risk 

factors.  
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 The acute phase reactants, such as C– reactive protein and 

inflammatory cytokines tends to increase with the inflammatory state 

associated with reduction in kidney function, with a corresponding fall in the 

negative acute-phase reactants, such as serum albumin and fetuin. 

 The inflammatory state tends to accelerate. vascular occlusive disease. 

and low levels of fetuin may further accelerate vascular calcification., 

especially in the setting of hyperphosphatemia. 
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Hypertension & left ventricular hypertrophy: 

 Hypertension is one of the most common .complications of CKD. It 

usually develops early in the course of CKD.and is associated with adverse 

outcomes., including the development of ventricular hypertrophy .and a more 

rapid loss of renal function. 

 Szcech and colleagues demonstrated that patients .with hypertension. are 

at increased risk for new or recurrent cardiovascular events .in individuals 

with stage 2–3 CKD28 

 Systolic blood pressure is more strongly associated .with cardiovascular 

death .in dialysis patients than either pulse or diastolic pressure29. The absence 

of hypertension signifies. poor left ventricular function. Indeed, low blood 

pressure carries a worse prognosis. than does high blood pressure in dialysis 

patients. 

5. GASTROINTESTINAL AND NUTRITIONAL ABNORMALITIES: 

 Nausea, vomiting, abdominal pain and gastrointestinal bleeding is 

common in uremic patients as they are prone to develop gastritis, peptic ulcer 

disease., and mucosal ulcerations at any level of the GI tract..  

 The breakdown of urea to ammonia in saliva .is often associated with 

an unpleasant metallic taste, called the Uremic fetor. 

 Protein- energy malnutrition is common in advanced CKD. Hence, 

assessment of protein energy malnutrition .should begin from CKD stage3. 
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6. ENDOCRINE- METABOLIC DISTURBANCES: 

 The kidneys contribute mainly to the.removal of insulin from the 

circulation. Thus with progressive impairment in renal function, the insulin 

removal from the body is impaired both in the fasting and postprandial states. 

 Because of this diminished renal degradation.of insulin, patients on 

insulin therapy may need progressive reduction.in dose as their renal function 

worsens. 

 The  estrogen levels in the body decline in women with CKD., leading 

to menstrual abnormalities, infertility, and spontaneous abortions. There is a 

high rate of spontaneous abortion.,when the GFR falls to 40ml/min with only 

20% of pregnancies leading to live births. Preganancy itself may fasten the 

progression.of the kidney disease. 

 The .plasma testosterone levels gets reduced in men with CKD.. Sexual 

dysfunction and oligospermia may supervene. 
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HYPERTRIGLYCERIDEMIA: 

 

Hypertriglyceridemia is a prevalent risk factor.for cardiovascular 

disease (CVD)and increasingly important in the setting of current obesity.and 

insulin resistance epidemics. High triglyceride (TG) levels are markers.for 

several types of atherogenic lipoproteins. Patients who have 

hypertriglyceridemia.may be at significant risk.for CVD even if low-density 

lipoprotein.cholesterol levels are at goal., and therefore warrant treatment that 

optimizes diet., reduces overweight., and promotes regular exercise. 

 High-risk patients with hypertriglyceridemia., such as those with 

diabetes., CVD, or metabolic syndrome, may benefit from additional drug 

treatment.aside from a statin to address other lipid abnormalities. 

Among risk factors for CVD., it is estimated by the NHANES.1999 to 

2008.that the overall prevalence of hypertriglyceridemia in the adult 

population.in the United States is 31% 100. More so, the prevalence of 

triglyceride (TG) levels .above 150 mg/dL is nearly twice as high in subjects 

with metabolic syndrome101,102 

Although elevated low-density lipoprotein cholesterol (LDL-C).is well 

established as a major predictor.of coronary heart disease (CHD) risk.and has 

been the primary target for lipid-lowering strategies by the US NCEP., 

evidence suggests that an elevated TG level is also an independent risk 

factor103,104,105. 
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TGs, as far as is currently known., are not directly atherogenic.but 

represent an important biomarker of CVD risk.because of their association 

with atherogenic remnant particles. and apo C-III, a proinflammatory, 

proatherogenic protein .found on all classes of the plasma lipoproteins. 

 Serum triglyceride levels and classifications are as follows106 : 
 
 Less than 100 mg/dL - Optimal 

 101-150 mg/dL - Normal. 

 150-199 mg/dL - Borderline 

 200-499 mg/dL - High. 

 500 mg/dL or higher - Very high 
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HYPERCHOLESTEROLEMIA: 
 
Reference range for adults: 

<200 mg/dl  Desirable. 

200 – 239 mg/dl Borderline. 

≥240 mg/dl  High. 

 

The standard lipid profile, as recommended by the Adult Treatment 

Panel.III (ATP III), consists of direct measurement.of total cholesterol., HDL-

C, and triglycerides, with a calculated LDL-C., obtained after a 9-hour to 12-

hour fast. 

 LDL cholesterol levels per ATP.III guidelines are as follows107 

 

 < 100 mg/ dL - Optimal. 

 100-129 mg/dL - Near optimal/above optimal. 

 130-159 mg/dL - Borderline high. 

 160-189 mg/dL - High. 

 >190 mg/dL - Very high. 
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SMOKING: 

Smoking remains an important cause.of coronary heart disease 

(CHD).and cardiovascular disease (CVD)109,110. However, despite vastly 

improved understanding., the pathophysiological mechanisms, 

underpinning.the association between smoking and CVD have yet to be fully 

elucidated111,112. For example, while the impact of smoking status on CVD.is 

well known113-116, an adverse association between cumulative smoke 

exposure.(by pack-years) and cardiovascular events has not been consistently 

demonstrated.in modern cohorts117,118. Indeed, it has even been 

questioned.whether or not smoking-induced CVD events exhibit a dose-

response119. 

In addition, mounting evidence suggests that inflammation.and 

subclinical atherosclerosis.are key players in the pathophysiology.of smoking-

induced CVD. Elevated high sensitivity C-reactive protein (hsCRP)., a marker 

of systemic and vascular inflammation.,120,121 has been demonstrated in 

smokers122.  

Similarly, smoking has been associated.with both increased levels of 

fibrinogen.(a marker of inflammation and thrombosis) and coronary artery 

calcium.(CAC) (123-126). 

 Both active smoking and ETS exposure.are associated with the 

progression.of an index of atherosclerosis. Smoking is of particular concern 

for patients with diabetes and hypertension. The fact that pack-years of 
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smoking.but not current vs past smoking was associated with progression of 

atherosclerosis.suggests that some adverse effects of smoking.may be 

cumulative and irreversible. 

Pathophysiologic mechanisms for smoking-related CHD: 

1. Nicotine stimulation resulting in enhanced.oxygen demand and 

vasoconstriction, 

2.  Carbon monoxide induced hemodynamic effects, 

3.  Increased inflammation as a consequence.of reduced anti-

oxidants, particulates and other constituents of tobacco smoke., 

insulin sensitivity, and alterations in lipid profiles.127 

For instance, carbon monoxide, a combustion product.of cigarette 

smoke., has high affinity for hemoglobin.and exhibits smoking .rate-dependent 

effects. Among current smokers, the ratio of serum. carboxyhemoglobin 

(COHb) to cigarettes/day decreased with greater smoking intensity128 

Polycyclic aromatic hydrocarbons., including benzo[a]pyrene, result 

from incomplete combustion.of tobacco and other organics., and are 

associated with increased CHD risk129,130 

Polycyclic aromatic hydrocarbon exposure.can activate the aryl 

hydrocarbon receptor (AhR) pathway.and thereby induce.a vascular 

inflammatory response., including the progression of atherosclerosis129,130 
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  Cigarette smoking leads to impaired endothelial function.via decreased 

nitric oxide production, pro-thrombotic state., increased oxidative stress., and 

activated inflammatory pathways.131 Not surprisingly, therefore, smoking is a 

major contributor to all forms of cardiovascular disease.132  

In addition to vascular effects, smoking., via increased oxidative stress 

and inflammation, 132,133 directly effects on the myocardium.leading to systolic 

and diastolic dysfunction.134 It also promotes other heart failure.(HF) risk 

factors.including blood pressure., increased heart rate, diabetes, and 

atherosclerosis.135  
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CAROTID INTIMAL MEDIAL THICKNESS: 

  

 The arteries and veins. have three layers. The middle layer is thicker. in 

the arteries. than it is in the veins. 

 The inner layer, tunica intima., is the thinnest layer. It is a single layer 

of flat cells. (simple squamous epithelium) . glued by a polysaccharide 

intercellular matrix, surrounded by a thin layer. of subendothelial 

connective tissue. interlaced with a number. of circularly arranged 

elastic bands called the internal elastic lamina. 

 The middle layer, tunica media is the thickest layer in arteries. It 

consists of circularly arranged elastic fiber., connective tissue., 

polysaccharide substances, the second and third layer are separated. by 

another thick elastic band. called external elastic lamina.  

The tunica media may (especially in arteries). be rich in vascular 

smooth muscle., which controls the caliber of the vessel. Veins don't have the 

external elastic lamina., but only an internal one. 

 The outer layer is the tunica adventitia. and the thickest layer in veins. 

It is entirely made of connective tissue. It also contains nerves that 

supply the vessel. as well as nutrient capillaries. (vasa vasorum) in the 

larger blood vessels. 
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Atherosclerosis, a disease of the large arteries., is the primary cause of 

heart disease and stroke. Atherosclerosis is a progressive disease.. 

characterized by the accumulation of lipids and fibrous elements in the large 

arteries. 

 Genetic and environmental factors associated with atherosclerosis. and 

coronary heart disease (CHD) 
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Factors with a strong genetic component. 

Elevated levels of 

LDL/VLDL 

Associations demonstrated in. epidemiological studies 

and supported by studies of genetic disorders. and 

animal models. Clinical trials 

have shown benefits of cholesterol reduction30 

Reduced levels of 

HDL 

Associations demonstrated by numerous . 

pidemiological studies and supported by studies of 

genetic diseases and animal models31 

Elevated levels of 

lipoprotein(a) 

Associations observed in many, but not all., 

epidemiological studies. Animal studies have been 

contradictory32 

Elevated blood 

pressure 

Associations observed in epidemiological studies. 

Clinical trials have demonstrated benefits of blood 

pressure reduction., with particularly strong effects on 

stroke30,33 

Elevated levels of 

homocysteine 

Associations have been observed in. epidemiological 

studies, and homocystinuria results in severe occlusive 

vascular disease34 

Family history When all known risk factors are. controlled for, family 

history remains a very significant independent factor35 

Diabetes and 

obesity 

Associations observed in epidemiological studies and 

in studies with animal models30 

Elevated levels of Significant independent associations. have been 

observed with elevated levels of fibrinogen., 
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haemostatic factors plasminogen activator inhibitor type 1 and platelet 

reactivity30 

Depression and 

other behavioural 

traits 

Associations observed in several population studies36 

Gender (male) Below age 60, men develop CHD. at more than twice 

the rate of women37 

Systemic 

inflammation 

Elevated levels of inflammatory molecules. such as C-

reactive protein are associated with CHD., as are 

inflammatory diseases such as

rheumatoid arthritis38 

Metabolic 

syndrome 

This cluster of metabolic disturbances., with insulin 

resistance as a central feature, is strongly associated 

with CHD39 

Environmental factors 

High-fat diet Population migration and epidemiological studies. 

indicate strong associations with lifestyle., and diet 

appears to be the most significant

factor. High-fat, high-cholesterol diets. are usually 

required for development of atherosclerosis in 

experimental animals30 

Smoking Strong associations observed in numerous. 

epidemiological studies. Clinical trials have 

demonstrated the benefit of stopping smoking30 
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Low antioxidant 

levels 

Results of clinical trials with antioxidants. have not 

been conclusive. Fat-soluble antioxidants protect 

against atherosclerosis. in experimental animals, 

however40 

Lack of exercise Significant independent associations with CHD(30) 

Infectious agents Epidemiological studies provide suggestive. evidence 

for associations with various infectious agents., such 

as Chlamydia pneumoniae. 

Preliminary animal studies support the relationship41 

 

Thus, atherosclerosis, a disease viewed. as inevitably progressive 

should be identified at the earliest. and treated to reduce their clinical 

consequences. 

The measurement of carotid intima-media thickness (c.-IMT) is an 

accepted surrogate marker of atherosclerosis42. It has been extensively studied 

in numerous clinical trials43, . beginning with the initial description by Pignoli 

et al.44 in 1986., and currently accounts for the. most extensive literature. in the 

field of atherosclerosis imaging. 

The c-IMT measurement which directly correlates. with pathology45,46, . 

is indicative of the thickness of the arterial wall., and is precisely imaged using 

ultrasound technology. In clinical studies, the c.-IMT measurement parallels 

the significance. of traditional cardiovascular risk factors.,47 thus highlighting 

the utility and consistency. of using noninvasive measurements to assess risk 
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factors. based on vessel wall biology. Over the years, clinical trials have 

provided outcomes. that support the role of c-IMT measurements. for 

predicting cardiovascular events. (ie, the thicker the c-IMT, the higher the rate. 

of myocardial infarction or stroke)48. 

In a recent meta-analysis, Lorenz et al.49 reviewed. and summarized the 

data from more than 37,000 individuals and concluded that increments of 0.1 

mm in c-IMT translated to an increased risk of 10% to 15% for having a 

myocardial infarction. and an increased risk of 13% to 18% for having a 

stroke. 

Intima Media Thickness is defined as the,  distance between the leading 

edge of first echogenic line (Lumen–Intima interface) . and second echogenic 

line (Media– Adventitia interface) of far wall.  

              

  

A number of reports have shown. that the increase in the carotid IMT 

and plaques in that zone., regardless of whether or not they are stenotic., are 

associated with an increase in the relative risk of having a cardiovascular 

event. -- the higher the value, the greater the increase in risk50. 
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Thus, the current European guidelines for HT consider a carotid IMT 

value >0.9mm to be a marker. of end-organ damage and, therefore., an 

identifier of a high-risk patient51 

Another important question about which there. is no consensus 

concerns which measure of the carotid IMT., the maximum or mean value, to 

utilize in the prognostic evaluation. of the hypertensive patient. A number of 

authors report that the maximum value. would be that which would best 

correlate with future cardiovascular events., although they do not specify the 

reason. for choosing this value over the mean value52. In contrast, other 

authors establish the mean carotid IMT. as the most accurate value and that 

least susceptible to error., since the maximum value could reflect more 

advanced stages of focal thickening toward plaque formation53. There is no 

definitive response to this question. and there is a need for a standardized 

protocol that clarifies this controversy. 

The CIMT can be measured both from the near-wall. and the far-wall 

of the carotid artery. In the far wall, it is usually easy to detect. the media-

adventitia interface, and this measurement location has been suggested as 

being more accurate54,55 

The normal intima-medial thickness of. common carotid artery as 

evaluated by B-mode ultrasound imaging. was 0.74 ± 0.14 mm.[56] Some 

studies also indicated that CIMT <0.8 mm. is associated with normal healthy 

individuals, and a value of CIMT at or above 1 mm. is associated with 
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atherosclerosis and a significantly increased cardiovascular disease. (CVD) 

risk in any age group57,58  

Kumar et al.[59] and Howard et al.[60] . observed that CIMT of healthy 

controls were 0.73 mm and < 0.7 mm., respectively. 

Age- and sex-specific reference intervals for common carotid artery 

intima-media thickness in the healthy sub-population: 

 For men, 
  

 Mean CIMT (in µm)  ₌ 323.5 ₊ 5.201 × age, 

 
 SD CIMT (in µm). ₌ 57.24 ₊ 0.9027 × age, 

 

For women, 

 Mean CIMT (in µm)   ₌ 321.7 ₊ 4.971 × age, 

 SD CIMT (in µm) . ₌ 54.50 ₊ 0.8256 × age, (138) 

 The reference limits of IMT according to the. age classes 18-29, 30-39, 

40-49. and 50-59 years were estimated as 0.47, 0.59., 0.67 and 0.70 mm in 

women and 0.47, 0.62., 0.72 and 0.80 mm in men.(139) 
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Society of radiologists in Ultrasound (SRU) consensus: 

This consensus developed recommendations. for the diagnosis and 

stratification of ICA stenosis(83) 

[PSV = peak systolic velocity; EDV =. end diastolic velocity; ICA = internal 

carotid artery.; CCA = common carotid artery] 

 normal 

o ICA PSV is <125 cm/sec. and no plaque or intimal thickening. is visible 

sonographically 

o additional criteria include ICA/CCA. PSV ratio <2.0 and ICA EDV <40 

cm/sec 

 <50% ICA stenosis 

o ICA PSV is <125 cm/sec and. plaque or intimal thickening is visible 

sonographically 

o additional criteria include ICA/CCA. PSV ratio <2.0 and ICA EDV <40 

cm/sec 

 50-69% ICA stenosis 

o ICA PSV is 125-230 cm/sec and. plaque is visible sonographically 

o additional criteria include ICA/CCA. PSV ratio of 2.0-4.0 and ICA EDV 

of 40-100 cm/sec 
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 ≥70% ICA stenosis but less than near occlusion 

o ICA PSV is >230 cm/sec and visible. plaque and luminal narrowing are 

seen at gray-scale and colour Doppler ultrasound. (the higher the 

Doppler parameters lie above the threshold of 230 cm/sec., the greater 

the likelihood of severe disease) 

o additional criteria include ICA/CCA. PSV ratio >4 and ICA EDV >100 

cm/sec 

 near occlusion of the ICA 

o velocity parameters may not apply., since velocities may be high, low, or 

undetectable 

o diagnosis is established primarily by demonstrating. a markedly 

narrowed lumen at colour or power Doppler ultrasound 

 total occlusion of the ICA: 

o no detectable patent lumen at gray-scale US. and no flow with spectral, 

power, and colour Doppler ultrasound 

o there may be compensatory increased. velocity in the contralateral 

carotid 
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Sonographic NASCET Index: 

 This study proposed the incorporation of. distal ICA flow velocity 

information on the conventional carotid Doppler study. improving the 

diagnostic accuracy of PSV(84) 

 <15% stenosis 

o deceleration spectral broadening with. a peak systolic velocity (PSV) 

<125 cm/s 

 16-49% stenosis 

o pansystolic spectral broadening with. a PSV <125 cm/s 

 50-69% stenosis 

o pansystolic spectral broadening with. a PSV of >125 cm/s 

and 

o end diastolic velocity (EDV) <110 cm/s. or ICA/CCA. PSV ratio >2 but 

<4 

 70-79% stenosis 

o pansystolic spectral broadening. with PSV >270 cm/s 

 or 

 EDV >110 cm/s 

or 
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 ICA/CCA. PSV ratio >4 

 80-99% stenosis: EDV >140 cm/s 

 complete occlusion: no flow; terminal thump 
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PHOSPHOROUS AND VASCULAR CALCIFICATION: 

A major contributor to cardiovascular disease. in ESRD patients is the 

vascular calcification. Susceptibility to vascular calcification. is genetically 

determined and actively regulated by diverse inducers and inhibitors[61] 

 One of these inducers, hyperphosphatemia., promotes vascular 

calcification and is a nontraditional risk factor. for CVD mortality in ESRD 

patients[61]  
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 Vascular smooth muscle cells (SMCs) respond. to elevated phosphate 

levels by undergoing an osteochondrogenic. phenotype change and 

mineralizing their extracellular matrix through a mechanism. requiring 

sodium-dependent phosphate cotransporters[61] 

 

Elevated phosphate levels induce degradation. of the extracellular 

matrix and causes osteochondrogenic change in. vascular smooth muscle 

cells [62]. These changes cause increased deposition of extracellular calcium. 

phosphate crystals, cell apoptosis, and ultimately vascular 

calcification [62,63].  

Vessel calcification is associated with left. ventricular hypertrophy, 

decreased coronary blood flow, and cardiovascular events. although causality 

has not been determined [64,65]. Hyperphosphatemia may also cause 

endothelial damage. through increased production of reactive oxygen 
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species [66,67]. This process is potentially preventable as dietary phosphate 

restriction. in murine models of secondary hyperparathyroidism. prevents 

endothelial damage [68,69]. Population studies demonstrate that increased. 

dietary phosphate intake is correlated with increased serum phosphate.; 

particularly phosphate additives in processed foods [70,71]. 

Intimal calcification is observed in. atherosclerotic lesions [72,73], 

whereas medial calcification is common to the arteriosclerosis. observed with 

age and diabetes, and is the major form observed in ESRD [74-76]. In ESRD 

patients., both intimal and medial calcification occurs, but arterial medial. 

calcification is by far the most prevalent [77, 78].  

Evidence from clinical studies reveals that. elevated serum phosphate is 

positively correlated with mortality., and a dramatic increase in risk of death is 

observed. in ESRD patients with a serum phosphate greater than 6.5mg/dL 

[79] 

Importantly, two recent randomized clinical trials. showed that 

lowering serum phosphate levels with a non-calcium containing phosphate 

binder. dramatically slowed progression of vascular calcification in ESRD 

patients [80, 81] 

Moreover, even relatively small elevations. in serum phosphate in the 

high normal range (3.5–4.5 mg/dL) have been correlated with increased risk 

of cardiovascular. and all cause mortality in both chronic kidney disease 

patients. [82] and the general population. Thus serum phosphate level , even in 
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the. absence of outright hyperphophatemia is an important factor. causing 

vascular calcification. 

 

RENAL PHOSPHOROUS HANDLING: MECHANISM 

 
Phosphorous is a common anion. which plays an important role in 

energy generation. Renal phosphate handling is regulated. by three organs 

parathyroid, kidney and bone through. feedback mechanisms.  

These counter regulatory mechanisms also regulate. intestinal 

absorption and thus maintain serum phosphorus concentration in normal 

range. The parathyroid hormone, vitamin D., Fibrogenic growth factor 23 

(FGF23) and klotho coreceptor. are the key regulators of phosphorus balance 

in body. 

Phosphorous is distributed ubiquitously. throughout the body. 

Approximately 80%-85% of the ~600 gm. of total body phosphorus is present 

in the skeleton. The remaining is distributed widely. in the form of organic 

phosphate compounds that play. fundamental roles in many aspects of cellular 

metabolism. 

 The maintenance of normal phosphate homeostasis. is critical for 

diverse physiologic processes including cell signaling., nucleic acid synthesis, 

energy homeostasis., formation of lipid bilayers, and bone formation.  

The concentration of phosphorus influences the activity. of many  

metabolic pathways such as ammoniagenesis, glycolysis., gluconeogenesis, 
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parathyroid hormone (PTH) secretion., and phosphate reabsorption, as  

well as the formation of 1, 25-dihydroxycholecalciferol. [1,25 (OH) 2D3] from 

25-hydroxycholecalciferol [25(OH) D3]. 

 

PHOSPHOROUS IN BLOOD: 

  
Plasma phosphate is present in  either ionized., complexed, and protein-

bound forms. The normal concentration of phosphorus. in plasma is 3-4.5 

mg/dL.  

 If phosphate were totally filterable through artificial. and glomerular 

membranes, its concentration in the ultrafiltrate. would be 1.18 times that of 

plasma, however, the measured phosphate ratios between ultrafiltrate and 

plasma. have been found to range from 0.89-0.96, indicating that about. 25% 

of plasma phosphate is bound to proteins. Of the UF phosphate., 

approximately 60% is ionized and 40% is complexed. to the major plasma 

cations, mainly Ca2+, Mg2+, and Na+.  

The fraction of total phosphate that is ultrafilterable. declines with 

increased calcium levels, probably due to the formation. of calcium-

phosphate-proteinate complexes. 
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PHOSPHOROUS IN  CELL: 

 
 Intracellular phosphate is primarily sequestered. in intracellular 

organelles, or incorporated into organic compounds like adenosine 

phosphates., creatine phosphate and in erythrocytes, 2,3-diphosphoglycerate.  

The cytosolic free inorganic phosphate. concentration is only about 1 

μM. Nevertheless, this is above its electrochemical equilibrium value. as 

predicted from the membrane potential, suggesting that there must be active 

transport. of phosphate into cells. The regulation of intracellular phosphate 

levels. is closely linked to cellular metabolic activity. 

 Inhibition of phosphate uptake impairs. cellular metabolic function, 

whereas increasing extracellular phosphate concentration. stimulates 

mitochondrial respiration. Conversely, bathing cells in glucose reduces 

phosphate. uptake and in conditions of limited phosphate availability reduces 

mitochondrial respiration., oxidative phosphorylation, and ATP content., a 

phenomenon called the ‘Crabtree effect’. 

 

ABSORPTION AND REABSORPTION OF PHOSPHATE IN 

INTESTINE AND KIDNEY: 

 
In mammals, absorption and reabsorption of phosphate. take place 

primarily in the intestine and kidney, respectively. The daily dietary intake of 

phosphate. is 800 mg-1500 mg. Dietary deficiency of phosphorus is not very 
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common. as phosphate is found in many foods, including dairy products., 

meat, and cereal grains. The majority of absorption of ingested phosphate. 

occurs in duodenum and jejunum., around 65% and it varies proportionately 

with dietery intake.         
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Under the influence of vitamin D., phosphorus transport takes place in 

proximal segments of the small intestine. and appears to involve both passive 

and active components. The movement of phosphorus from the intestinal 

lumen. to the blood requires  

(a) transport across the luminal brush-border. membrane of the 

intestine;  

(b) transport through the cytoplasm; and  

(c) transport across the basolateral plasma membrane of the epithelium.  
 
 
 

The rate-limiting step and the main. driving force of absorption is the luminal 

membrane step. 

 

 

Molecular and cellular mechanism of phosphate handling at tubular cell 

membrane 
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  Polyvalent cations such as Ca2+, Mg2+
., and Al3+ present in diet  bind to 

intestinal luminal phosphate. and decrease its absorption. That is why 

phosphate binder is prescribed. with meals in patients with renal failure. 

 The digestive juices secreted daily. contain about 3 mg/kg of 

phosphate. Once absorbed, phosphate in the extracellular fluid. undergoes 

exchange with the pool in bone., with 200 mg of phosphate typically entering 

and. leaving the skeleton daily as it is continuously remodeled. Ultimately, the 

kidneys are responsible for the excretion. of a substantial excess of phosphate., 

about 700-900 mg per day. During periods of growth, a greater proportion of 

phosphate. is retained for bone deposition, but this still constitutes a small 

percentage of dietary intakes.  

Renal phosphate excretion is the principal. mechanism by which the 

body regulates extracellular phosphate balance. 

 
RENAL REABSORPTION OF PHOSPHOROUS: 

 
 Most of the inorganic phosphorus in serum. (90%-95%) is 

Ultrafilterable at the level of the glomerulus. Approximately 7 g of 

phosphorus is filtered. daily by the kidney, at physiologic levels of serum 

phosphorus., of which 80%-90% is reabsorbed by the renal tubules and the 

remainder is excreted in the urine. (approximately 700 mg) equal to intestinal 

absorption.[85] So at steady-state, adults are in a state of balance. between 

intake and excretion of phosphorus. 
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  60%-70% of the filtered phosphorus is. reabsorbed in the proximal 

tubule and there is also evidence that a significant amount. of filtered 

phosphorus is reabsorbed in distal segments of the nephron.(86) 

Segmental handling of phosphate along with renal tubule 

 

 

When the serum phosphorus level increases. and the filtered load of 

phosphorus increases, the capacity to reabsorb. phosphorus also increases. 

However, a maximum rate of transport (Tm) . for phosphorus reabsorption is 

obtained usually at serum phosphorus. concentrations of 6 mg/dL. There is a 

direct correlation between Tm phosphorus values and glomerular filtration 

rate (GFR) even when the GFR is varied over a broad range. 

Two different mechanisms are responsible for phosphorus reabsorption 

in the proximal tubule. 

In the first third of the proximal tubule., in which only 10%-15% of the 

filtered sodium and fluid is reabsorbed., the ratio of tubular fluid (TF) 

phosphorus to plasma ultra-filterable (UF) phosphorus falls. to values of 

approximately 0.6. 
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This indicates that the first third of the proximal tubule. accounts for 

approximately 50% of the total amount of phosphorus reabsorbed. in this 

segment of the nephron. In the last two-thirds of the proximal tubule., the 

reabsorption of phosphorus parallels. the movement of salt and water.  

In the remaining 70% of the pars convoluta., the TF: UF phosphorous 

ratio remains at a value of 0.6-0.7., whereas fluid reabsorption increases to 

approximately 60%-70% of the filtered load.  

Thus, in the last two-thirds of proximal. tubule, the TF: UF phosphorus 

reabsorption ratio is directly proportional. to sodium and fluid reabsorption.  

A significant amount of phosphorus., perhaps on the order of 20%-30%, is 

reabsorbed beyond the portion of the proximal tubule. 

The collecting duct is a potential site. for distal nephron reabsorption 

of phosphorus.[87,88,89] Transport in this nephron segment may explain the. 

discrepancy between the amount of phosphorus delivered. to the late distal 

tubule and the considerably smaller amount. of phosphorus that appears in the 

final urine of the same kidney.  

Phosphorus transport in the cortical collecting tubule. is independent of 

regulation by PTH. This is in agreement with the absence. of PTH-dependent 

adenylate cyclase in the cortical collecting tubule.  
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RELATIONSHIP OF PTH, FGF-23, KLOTHO AND PHOSPHATE 

REGULATION: 

 

 

 

The principal role of FGF23 is the control. of phosphate balance. 

Infusion of recombinant FGF23 and over expression. of FGF23 gene results in 

marked increase in urinary phosphate excretion. and severe 

hypophosphatemia.[90,91,92] 

Klotho was discovered by Kuro-O et al.[93] . in 1997. Klotho is a 

protein containing 1012–amino acid present as a cell surface. molecule, bound 
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to the plasma membrane by a short one-span. transmembrane domain. Its 

intracellular tail is less than 15. amino acids long. 

 
 Klotho expression is restricted to a small number. of tissues like in 

kidneys, parathyroid glands, brain, and skeletal muscle.[93,94,95] In the 

kidney, Klotho is mainly expressed in the distal tubule., whereas FGF23 exerts 

its action. on the proximal tubule. 

 

Klotho acts as a co-factor that is mandatory. for FGF23 action. All of 

the effects of FGF23 are mediated by Klotho. and that the principal function 

of Klotho is to permit FGF23 action., this is suggested by the fact that 

phenotype of mice with a double disruption of FGF23. and Klotho gene is 

similar to that of FGF23 or Klotho knockout mice.[96,97] 
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Three feedback loops showing the regulation of phosphate balance in body. 
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AIM OF THE STUDY 

 To assess the effects of serum phosphate on arterial atherosclerosis  

 

OBJECTIVE OF THE STUDY 

 To measure carotid intimal thickness in patients with chronic kidney 

disease. 

 To measure serum phosphate level in chronic kidney disease patients. 

 To correlate serum phosphate level and carotid intimal medial 

thickness in chronic kidney disease patients.  
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MATERIALS AND METHODS 

STUDY DESIGN:  

  Cross sectional Observational study  

STUDY PERIOD: 

       Data collection done for a period of 6 months between April 2017 to 

September 2017. 

PLACE OF STUDY: 

    Govt.Kilpauk Medical College and Hospital,  

     Chennai-10. 

STUDY POPULATION: 

 CKD patients attending the OPD/ admitted as IP in the Department of 

General Medicine, Govt.Kilpauk Medical College and hospital. 

 

SAMPLE SIZE: 50 

 

INCLUSION CRITERIA : 

Age <= 50 years 

Chronic Kidney Disease Stage 3 through 5. 
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EXCLUSION CRITERIA : 

 Age > 50 years  

 Patients having diagnosed as acute kidney injury, history of carotid 

surgery, patient having previous history of ischemic heart disease, 

myocardial infarction and stroke will be excluded 

 Chronic Kidney Disease on Maintenance Hemodialysis will be 

excluded. 

METHODOLOGY : 

 Patients ≤ 50years of age diagnosed to have chronic kidney disease 

stage 3 to stage 5 (eGFR <60 ml/min/1.73m2) who presented to 

hospital were included in the Study. 

 Complete history taking and physical examinations was done, 

patient with exclusion criteria was identified and excluded in the 

study. After getting informed consent from the patient, they were 

included in the study. 

 The CKD stage was calculated based on the Cockcroft and Gault 

formula 
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[eGFR (mL/min) .= [(140 - age) .× Wt / (0.814 × S.Cr in µmol/L)] . × (0.85 if 

female)]. 

 Blood was collected and following tests were done: total 

cholesterol, triglycerides, renal function tests, and serum 

phosphorous. 

 All patients fulfilling the inclusion and exclusion criteria were 

subjected to ultrasonographic evaluation of carotid intimal medial 

thickness (CIMT) on both left and right side. Three measurements 

were. taken 0.5, 1 and 2 cm below carotid bifurcation of common 

carotid. artery on each side. The arithmetical averages. of these were 

taken. The IMT of both sides (right and left). was calculated and 

averages of these two values. were used for statistical analysis. 

 Carotid intima media thickness (right and left) . will be measured by 

B mode ultrasound using a 3.5MHz transducer. 

 Reference level for serum phosphorous : 2.5 – 4.3 mg/dl 

 Reference limit for carotid intimal medial thickness for the age 

classes 18-29, 30-39, 40-49  were. estimated as 0.47, 0.59 and 0.67 

in women and 0.47, 0.62 and 0.72 in men. 

 Criteria for diagnosing hypertension: BP > 130/80mmHg 
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 Criteria for diagnosing Diabetes Mellitus: 

FBS ≥ 126mg/dl (or) . 

PPBS ≥ 200mg/dl (or) . 

RBS ≥ 200mg/dl (or) . 

HbA1C ≥ 6.5%. 

 
 Reference level for Serum Cholesterol :  

<200 mg/dl  - Desirable. 

 200 – 239 mg/dl - Borderline. 

≥240 mg/dl  - High. 

 
 Reference level for Serum Triglycerides :  

Less than 100 mg/dL -  Optimal. 

101-150 mg/dL           -  Normal. 

150-199 mg/dL           -  Borderline. 

200-499 mg/dL          –  High. 

500 mg/dL or higher -  Very high. 

 
 The data of each patient was collected. in specific proforma which 

includes patient’s name, age, sex, risk factors- Diabetes, Hypertension, 

Total cholesterol, Triglycerides, Serum phosphorous and Carotid 

intimal medial thickness. 

 All the relevant data and values are. then entered in master chart in 

Microsoft excel format and then analyzed statiscially. 
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STATISTICAL ANALYSIS 

 The data was collected in the master chart obtained in the Microsoft 

excel format. 

 The collected data was analysed with SPSS 16.0 version. To describe 

about the data descriptive statistics frequency analysis, percentage 

analysis were used for categorical variable and the mean were used for 

continuous variable. Since the values did not follow normal 

distribution curve, to find the significant of two variables Pearson 

correlation coefficient was used. To find the correlation between the 

variables Kruskal wallis test and Mann whitney tests were also used. p 

value less than .05 is considered as significant. 
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RESULTS: 

 The total patients recruited in our study were 50. The following charts 

depicit frequency distributions. 

 These are the frequency distributions of various variables used in our 

study.  

GENDER: 

 In a total of 50 patients participated in our study 31 patients were 

male and 19 patients were females. 

 
 

 

GENDER DISTRIBUTION

Male Female
19

31

 Frequency Percent% 

 

F 19 38

M 31 62

Total 50 100
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DISTRIBUTION OF DIABETES: 

 In a total of 50 patients, 38patients were diabetes and 12 were non 

diabetic.  

 

 

  

DISTRIBUTION OF DIABETES

Non diabetic

Diabetic

Total

50

12

38

 Frequency Percent % 

Diabetic 38 76 

Non - Diabetic 12 24 

Total 50 100 
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DISTRIBUTION OF HYPERTENSION: 

 In total of 50 patients included in our study patients were 39 

hypertensive ant the remaining 11 patients were not hypertensive. 

 

 

 

 

Non Hypertensive

Hypertensive

39

11

 Frequency Percent % 

Hypertensive 39 78 

Non - hypertensive 11 22 

Total 50 100 
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SMOKING DISTRIBUTION: 

 Out of 50 patients in our study, 17 patients had smoking habits 

and remaining   33 were non-smokers. Out of 31 male patients 17 

were smokers.  

 Frequency Percent % 

 

Non smokers 33 66

Smokers 17 34

Total 50 100

 
   

 
 

 

Non smoker

Smoker

17

33
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CKD STAGE CLASSIFICATION 

 
 
 
 

 

  

CKD STAGE DISTRIBUTION 

STAGE 3

STAGE 4

STAGE 5

Total

50

20

17

13

CKD STAGE FREQUENCY PERCENT % 

3 20 40 

4 17 34 

5 13 26 

Total 50 100 



 
 

 
 

64

ASSOCIATION OF GENDER WITH CIMT: 

 

 Sex N Median(mm) Mean Rank p value 

CIMT(mm) 

Male 31 0.77 25.52

0.992 

Female 19
0.75

25.47

 

The median CIMT values for male and female are .77mm are 0.75mm for 

male and female respectively. This difference was not statistically significant. 

ASSOCIATION OF DIABETES WITH CIMT: 

  N Median(mm) Mean Rank p value 

CIMT(mm) 

Non 
Diabetic 

12
0.785

24 
0.682 

Diabetic 38 0.76 25.97 

 

The median CIMT values for Diabetic and Non – Diabetic patients are 

0.785mm  and  

0.76mm  respectively. This difference was not statistically significant. 
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ASSOCIATION OF HYPERTENSION WITH CIMT: 

 

 Hypertension N Median(mm) Mean Rank p value 

CIMT(mm) 

Non 
Hypertensive

11
0.77

25.32 

0.963 

Hypertensive 39
0.76

25.55 

 

The  median CIMT values for Hypertensive and  Non – Hypertensive patients 

are 0.76mm and 0.77mm  respectively. This difference was not statistically 

significant. 

 

ASSOCIATION OF SMOKING WITH CIMT: 

 

 Smoking N Median(mm) Mean Rank p value 

CIMT(mm) 

Non 
smokers 

33
0.74

20.55 

0.001 

Smokers 17
0.8

35.12 

 

The median CIMT values for Smokers and  Non – smokers are 0.8mm and 

0.74mm respectively. This difference was statistically significant by Mann 

– Whitney test (p<0.05). 
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ASSOCIATION OF CKD STAGES WITH CIMT: 

 

 CKD Stage N Median(mm) Mean Rank p value 

CIMT(mm) 

3 20 0.72 12.65 

0.000 4 17 0.8 33.09 

 5 13 
0.86 

35.35 

 

The median CIMT values are 0.72mm, 0.8mm and 0.86mm in patients with 

CKD stages 3,4 and 5 respectively. This difference was statistically 

significant by Kruskal - Wallis Test (p <0.001).  
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ASSOCIATION OF TOTAL CHOLESTEROL WITH CIMT: 

 

 Total cholesterol CIMT(mm) 

Total cholesterol 

Pearson Correlation 1 .132

Sig. (2-tailed)  .362

N 50 50

CIMT(mm) 

Pearson Correlation .132 1

Sig. (2-tailed) .362  

N 50 50

 

 

 There was no significant difference between serum cholesterol levels 

and CIMT values in our study. Pearson correlation coefficient was 0.132. 
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ASSOCIATION OF SERUM TRIGLYCERIDES WITH CIMT: 

 
 

 

 There was no significant difference between serum triglyceride levels 

and CIMT values in our study. Pearson correlation coefficient was – 0.267. 

 

 CIMT(mm) Triglyceride 

CIMT(mm) 

Pearson Correlation 1 -0.267

Sig. (2-tailed)  .061

N 50 50

Triglyceride 

 

Pearson Correlation -.267 1

Sig. (2-tailed) .061  

N 50 50
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ASSOCIATION OF SERUM PHOSPHOROUS WITH CIMT: 

 

 Serum 
phosphorous(mg/dl) 

CIMT(mm)

Serum 
phosphorous(mg/dl) 

Pearson 
Correlation 

1 .854** 

Sig. (2-tailed)  .000 
N 50 50 

CIMT(mm) 

Pearson 
Correlation 

.854** 1 

Sig. (2-tailed) .000  
N 50 50 

 

**. Correlation is significant at the 0.01 level (2-tailed). 
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REGRESSION ANALYSIS 

 Regression analysis was done as Enter approach and results were given 

in table 1.  The R square value of the model was 0.836 with p value < 0.001 

and the model has accounted for a statistically significant amount of 

variations in the dependant variable.  

Linear Regression analysis to determine the predictor variables for CIMT 

Final Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
t 

Sig. 

 

95.0% 

Confidence 

Interval for B

B 
Std. 

Error 
Beta 

Lower 

Bound 

Upper 

Bound

(Constant) .440 .064  6.888 .000 .311 .569

Age -.001 .001 -.045 -.676 .503 -.003 .002

Sex -.001 .012 -.010 -.115 .909 -.025 .022

DM .024 .011 .162 2.301 .026 .003 .046

SHT -.002 .010 -.011 -.168 .867 -.023 .019

Smoking .040 .012 .297 3.496 .001 .017 .064

Serum 

phosphorous 
.043 .006 .684 6.906 .000 .030 .056

CKD Stage .014 .007 .171 1.844 .072 -.001 .029
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 The model shows that smoking status and serum phosphorus levels 

were significant predictors for carotid intimal medial thickness(CIMT) in 

CKD patients. Smoking status increases the thickness by 0.297 mm and for 

every 1 unit increase in serum phosphorus level, the carotid intimal medial 

thickness increases by 0.684 mm(P value <0.01).   
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DISCUSSION 

 

Chronic Kidney Disease is a complex chronic disease. emerging in the 

community. Chronic kidney disease is a significant. risk factor for both 

coronary atherosclerosis and stroke. Apart from the traditional risk factors., 

there are other non – traditional CKD – related risk factors which play an. 

important role in this mechanism. 

 These are anemia, hyperparathyroidism., hyperphosphatemia, and  

generalized inflammation. 

 Increased serum phosphate levels is an important. risk factor for 

vascular calcification. Both intimal and medial calcification. can occur in 

ESRD patients but arterial medial calcification. is by the most common. 

 They also cause degradation of the extracellular. matrix and causes 

osteochondrogenic change in vascular. smooth muscle cells. This vascular 

calcification and increase in intimal. medial thickness decreases coronary and 

cerebral. blood flow and causes significant morbidity and mortality. 

 CIMT measured noninvasively using B. -mode ultrasonography, has 

been reported be an early and sensitive. marker of atherosclerosis and 

predictor of vascular events. 

 50 patients with CKD Stage 3 to Stage 5 were taken in our study. Of 

which 31 were males and 19 were females. There were 38 diabetics and 12 
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non – diabetics in our study. There were 39 hypertensive patients and  

11 non – hypertensive patients in our study. 

 17 out of 50 patients were smokers. Out of 31 male patients 17 were 

smokers. 

 There were 20 patients in CKD stage 3, 17 patients in stage 4 and 13 

patients in stage 5. 

 In a study conducted by V K Sharma et al (136) 100 patients were 

enrolled in the study. 57 were men, 43 were women. 73 patients were without 

diabetes and 27 with diabetes. CIMT of patients with diabetes was 

significantly greater than that of patients without diabetes (0.78 ± 0.250 

versus 0.66 ± 0.178 mm; P < 0.0001). But in our study there was no 

significant difference between diabetics and non diabetics. 

 Desbien et al.,[137] found decreased kidney function is associated 

strongly. with faster change in CIMT. Similar changes were noted in our study 

as mCIMT in CKD stage 3, 4, 5 were 0.72 ± 0.028mm, 0.79 ± 0.027mm, and 

0.83 ± 0.079mm respectively.  

 There was no significant difference in CIMT values between 

hypertensive and non – hypertensive patients. There was no significant 

correlation between serum cholesterol and serum triglycerides and CIMT 

values. 
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 The median CIMT values for smokers and non – smokers were 0.8mm 

and 0.74 mm respectively. This difference was statistically significant.  

(p < 0.05) 

 In the study conducted by V K Sharma et al. (136) CIMT correlated 

strongly and significantly with serum phosphate (r = 0.911; P < 0.00.1). In 

multiple regression analysis serum phosphate level (β = 0.356; <0.0001) was 

found to be a significant independent risk factor for increased CIMT. 

  In our analysis of the group of all CKD patients, serum phosphate level 

was a significant risk factor for increased CIMT, independent of other 

confounding factors. There was very strong correlation between mCIMT and 

serum phosphate in our study (pearson correlation coefficient- 0.854) 

 Serum phosphate level was found to be an independent risk factor  for 

increased CIMT in addition to other independent risk factor like smoking in 

multiple regression analysis. (p < 0.001). 

 Smoking status increases the thickness by 0.297 mm and for every 

1 unit increase in serum phosphorus level, the carotid intimal medial 

thickness increases by 0.684 mm(P value <0.01).  
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CONCLUSION 

In the examination of the carotid intimal medial thickness of CKD 

patients, we found that hyperphosphatemia was one of the significant and 

independent factor associated with increased IMT, in addition to smoking. 

Hyperphosphatemia leads to vascular calcification and increase in 

intimal medial thickness which decreases the blood flow leading to increased 

cerebral and coronary vascular events. 

Hence, correction of serum phosphorous levels remains an important 

aspect in the management of CKD patients to prevent vascular calcification 

and progression of  arteriosclerosis. 

 

 

 

 

 

 

 

 

 

 

  



 
 

 
 

76

BIBLIOGRAPHY 

1. Ruggenenti P, Schieppati A, Remuzzi G. Progression, remission, 

regression of chronic renal diseases. Lancet. 2001;357 (9268):1601–8. 

doi: 10.1016/S0140-6736(00)04728-0.  

2. Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of 

cardiovascular disease in chronic renal disease. Am J Kidney Dis. 199 

8;32(Suppl 3):S112–9.  

3.  Bethesda, MD: The National Institutes of Health, National Institute of 

Diabetes and Digestive and Kidney Diseases; 1999. US Renal Data 

System: USRDS 1998 Annual Data Report. 

4. Ma K W, Greene EL, Raij L. Cardiovascular risk factors in chronic 

renal failure and hemodialysis populations. Am J Kidney 

Dis. 1992;19:505–13. [PubMed] 

5.  Davies MR, Hruska KA. Pathophysiological mechanisms of vascular 

calcification in end-stage renal disease. Kidney Int. 2001;60:472–

9. [PubMed][Ref list] 

6.  KDOQI Clinical Practice Guidelines and Clinical Practice 

Recommendations for Anemia in Chronic Kidney 

Disease. Am.J.Kidney Dis. 2006;47:S11–S145. [PubMed] 



 
 

 
 

77

7.  Levey AS, Eckardt KU, Tsukamoto Y, et al. Definition and 

classification of chronic kidney disease: a position statement from 

Kidney Disease: Improving Global Outcomes (KDIGO) Kidney 

Int. 2005;67:2089–2100. [PubMed] 

8. Chronic Kidney Disease and Its Complications Robert Thomas, M.D., 

Abbas Kanso, M.D., and John R. Sedor, M.D Prim Care. 2008 Jun; 

35(2): 329–vii. 

9.  Biological variation database specifications.http://www.westgard.com/ 

biodatabase1.htm (Accessed 15 November 2010) 

10. Methods of Estimating GFR – Different Equations Including CKD-EPI 

Christopher M Florkowski and Janice SC Chew-Harris Clin Biochem 

Rev. 2011 May; 32(2): 75–79. 

11.  Perrone RD, Madias NE, Levey AS. Serum creatinine as an index of 

renal function: new insights into old concepts. Clin Chem. 1992; 

38:1933–53. [PubMed] 

12.  National Kidney Foundation Guidelineshttp://www.kidney.org/ 

professionals/kdoqi/guidelines.cfm (Accessed 15 November 2010) 

13.  Cockcroft DW, Gault MH. Prediction of creatinine clearance from 

serum creatinine. Nephron. 1976;16:31–41. [PubMed] 

14.  Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D, 

Modification of Diet in Renal Disease Study Group A more accurate 



 
 

 
 

78

method to estimate glomerular filtration rate from serum creatinine: a 

new prediction equation. Ann Intern Med1999. Mar;130(6):461-

470 [PubMed] 

15.  Levey AS, Greene T, Kusek I, Beck G. A simplified equation to 

predict glomerular filtration from serum creatinine (Abstract).J Am 

Soc Nephrol2000;11:155A 

16.  Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, III, 

Feldman HI, et al. CKD-EPI (Chronic Kidney Disease Epidemiology 

Collaboration) A new equation to estimate glomerular filtration 

rate. Ann Intern Med 2009. May;150(9):604-612 [PMC free 

article] [PubMed] 

17.  World Health Organization. Nutritional anaemias: Report of a WHO 

scientific group.1968. [PubMed] [Ref list] 

18. KDOQI Clinical Practice Guidelines and Clinical Practice 

Recommendations for Anemia in Chronic Kidney Disease. 

Am.J.Kidney Dis. 2006;47:S11–S145.[PubMed] [Ref list] 

19.  Besarab A, Levin A. Defining a renal anemia management period. 

Am.J.Kidney Dis. 2000;36:S13–S23. [PubMed] [Ref list] 

20.  McClellan W, Aronoff SL, Bolton WK, et al. The prevalence of 

anemia in patients with chronic kidney disease. Curr.Med.Res.Opin. 

2004;20:1501–1510. [PubMed] [Ref list] 



 
 

 
 

79

21.  McClellan W, Aronoff SL, Bolton WK, et al. The prevalence of 

anemia in patients with chronic kidney disease. Curr.Med.Res.Opin. 

2004;20:1501–1510. [PubMed] [Ref list] 

22.  Ratcliffe PJ. Molecular biology of erythropoietin. Kidney Int. 

1993;44:887–904.[PubMed] [Ref list] 

 23.  Joy MS, Karagiannis PC, Peyerl FW. Outcomes of secondary 

hyperparathyroidism in chronic kidney disease and the direct costs of 

treatment. J.Manag.Care Pharm. 2007;13:397–411. [PubMed] [Ref list] 

24.  Hruska KA, Teitelbaum SL. Renal osteodystrophy. N.Engl.J.Med. 

1995;333:166–174. [PubMed] [Ref list] 

25.  Lee GH, Benner D, Regidor DL, et al. Impact of kidney bone disease 

and its management on survival of patients on dialysis. J.Ren Nutr. 

2007;17:38–44.[PubMed] [Ref list] 

26.  El-Kishawi AM, El-Nahas AM. Renal osteodystrophy: review of the 

disease and its treatment. Saudi.J.Kidney Dis.Transpl. 2006;17:373–

382. [PubMed] [Ref list] 

27.  Hutchison JA. Vascular calcification in dialysis patients. Prilozi. 

2007;28:215–224.[PubMed] [Ref list] 

28.  Muntner P, He J, Astor BC, et al. Traditional and nontraditional risk 

factors predict coronary heart disease in chronic kidney disease: 

Results from the atherosclerosis risk in communities study. Journal of 



 
 

 
 

80

the American Society of Nephrology. 2005;16:529–538. 

[PubMed][Ref list] 

29.  Port FK, Hulbert-Shearon TE, Wolfe RA, et al. Predialysis blood 

pressure and mortality risk in a national sample of maintenance 

hemodialysis patients. American Journal of Kidney Diseases. 

1999;33:507–517. [PubMed] [Ref list] 

30.  Assmann G, Cullen P, Jossa F, Lewis B, Mancini M. Coronary heart 

disease: reducing the risk. Arterioscl. Thromb. Vasc. Biol. 

1999;19:1819–1824. [PubMed] 

31. Gordon DJ, Rifkind BM. High-density lipoprotein—the clinical 

implications of recent studies. N. Engl. J. Med. 1989;321:1311–1316. 

[PubMed] 

32.  Kronenberg F, et al. Role of lipoprotein(a) and apolipoprotein(a) 

phenotype in atherogenesis. Circulation. 1999;100:1154–1160. 

[PubMed] 

33. Luft FC. Molecular genetics of human hypertension. J. Hypertens. 

1998;16:1871–1878. [PubMed] 

34.  Gerhard GT, Duell PB. Homocysteine and atherosclerosis. Curr. Opin. 

Lipidol. 1999;10:417–429. [PubMed] 

35.  Goldbourt U, Neufeld HN. Genetic aspects of arteriosclerosis. 

Arteriosclerosis. 1988;6:357–377. [PubMed] 



 
 

 
 

81

36. Kugiyama K, et al. Circulating levels of secretory type II 

phospholipase A2predict coronary events in patients with coronary 

artery disease. Circulation. 1999;100:1280–1284. [PubMed] 

37. Nathan L, Chaudhuri G. Estrogens and atherosclerosis. Annu. Rev. 

Pharmacol. Toxicol. 1997;37:477–515. [PubMed] 

38.  Kugiyama K, et al. Circulating levels of secretory type II 

phospholipase A2predict coronary events in patients with coronary 

artery disease. Circulation. 1999;100:1280–1284. [PubMed] 

39. Lusis AJ, Weinreb A, Drake TA. In: Textbook of Cardiovascular 

Medicine. Topol EJ, editor. Lippincott-Raven; Philadelphia: 1998. pp. 

2389–2413. 

40. Steinberg D, Witztum JL. In: Molecular Basis of Cardiovascular 

Disease. Chien KR, editor. Saunders; Philadelphia: 1999. pp. 458–475. 

41. Hu H, Pierce GN, Zhong G. The atherogenic effects of chlamydia are 

dependent on serum cholesterol and specific to Chlamydia 

pneumoniae. J. Clin. Invest. 1999;103:747–753. [PMC free article] 

[PubMed] 

42.  Espeland MA, O’Leary DH, Terry JG, et al.: Carotid intimal-media 

thickness as a surrogate for cardiovascular disease events in trials of 

HMG-CoA reductase inhibitors. Curr Control Trials Cardiovasc Med 

2005, 6:3 



 
 

 
 

82

43.  Hurst RT, Ng DW, Kendall C, Khandheria B: Clinical use of carotid 

intima-media thickness: review of the literature. J Am Soc 

Echocardiogr 2007, 20:907–914.  

44.  Pignoli P, Tremoli E, Poli A, et al.: Intimal plus medial thickness of 

the arterial wall: a direct measurement with ultrasound imaging. 

Circulation 1986, 74:1399–1406. 

45.  Wong M, Edelstein J, Wollman J, Bond MG: Ultrasonicpathological 

comparison of the human arterial wall. Verification of intima-media 

thickness. Arterioscler Thromb 1993, 13:482–486.  

46.  Gamble G, Beaumont B, Smith H, et al.: B-mode ultrasound images of 

the carotid artery wall: correlation of ultrasound with histological 

measurements. Atherosclerosis 1993, 102:163–173. 

47.  Touboul PJ, Hernández-Hernández R, Küçükolu S, et al.; PARCAALA 

Investigators: Carotid artery intima media thickness, plaque and 

Framingham cardiovascular score in Asia, Africa/Middle East and 

Latin America: the PARC-AALA study. Int J Cardiovasc Imaging 

2007, 23:557–567.  

48.  O’Leary DH, Polak JF, Kronmal RA, et al.: Carotid-artery intima and 

media thickness as a risk factor for myocardial infarction and stroke in 

older adults. Cardiovascular Health Study Collaborative Research 

Group. N Engl J Med 1999, 340:14–22. 



 
 

 
 

83

49.  Lorenz MW, Markus HS, Bots ML, et al.: Prediction of clinical 

cardiovascular events with carotid intima-media thickness: a 

systematic review and meta-analysis. Circulation 2007, 115:459– 467. 

50.  Nambi V, Chambless L, Folsom A, He M, Hu Y, Mosley T, et al. 

Carotid intima-media thickness and presence or absence of plaque 

improves prediction of coronary heart disease risk. J Am Coll Cardiol. 

2010;55:1600-7 

51.  Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, 

Germano G, et al. 2007 Guidelines for the management of arterial 

hypertension: the task force for the management of arterial 

hypertension of the European Society of Hypertension (ESH) and of 

the European Society of Cardiology (ESC). J Hypertens. 

2007;25:1105-87. 

52. Campuzano R, Moya JL, García-Lledó A, Salido L, Guzmán G, Tomas 

G, et al. Asociación de la disfunción endotelial y el grosor medio 

intimal carotídeo con los factores de riesgo coronario en pacientes sin 

evidencia clínica de aterosclerosis. Rev Esp Cardiol. 2003;56:546-54. 

53.  Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, 

Bornstein N, et al. Mannheim Carotid Intima-Media Thickness 

Consensus (2004-2006) An Update on Behalf of the Advisory Board of 

the 3rd and 4th Watching the Risk Symposium 13th and 15th European 



 
 

 
 

84

Stroke Conferences, Mannheim, Germany, 2004, and Brussels, 

Belgium, 2006. Cerebrovasc Dis. 2007;23:75–80. 

54.  Wikstrand J, Wendelhag I. Methodological considerations of 

ultrasound investigation of intima-media thickness and lumen 

diameter. J Intern Med. 1994;236:555–9. [PubMed][Ref list] 

55.  Wong M, Edelstein J, Wollman J, Bond MG. Ultrasonic-pathological 

comparison of the human arterial wall.Verification of intima-media 

thickness. Arterioscler Thromb. 1993;13:482–6. [PubMed] [Ref list] 

56.  Mohan V, Ravikumar R, Shanthi Rani S, Deepa R. Intimal medial 

thickness of the carotid artery in South Indian diabetic and non-

diabetic subjects: The Chennai Urban Population Study. Diabetologia. 

2000;43:494–9. [PubMed] [Ref list 

57.  Simon A, Gariepy J, Chironi G, Megnien JL, Levenson J. Intima-

media thickness: A new tool for diagnosis and treatment of 

cardiovascular risk. J Hypertens. 2002;20:159–69. [PubMed] [Ref list] 

58.  Wikstrand J, Wendelhag I. Methodological considerations of 

ultrasound investigation of intima-media thickness and lumen 

diameter. J Intern Med. 1994;236:555–9. [PubMed][Ref list] 

59.  Sunil Kumar K, Lakshmi AY, Srinivasa Rao PV, Das GC, Siva Kumar 

V. Carotid intima-medial thickness in patients with end-stage renal 

disease. Indian J Nephrol. 2009;19:13–4. [PubMed] [Ref list] 



 
 

 
 

85

60.  Howard G, Sharett AR, Heiss G, Evans GW, Chambless LE, Riley 

WA, et al. Carotid artery intima-medial thickness distribution in 

general populationsas evaluated by B-mode ultrasound. Stroke. 

1992;24:1297–304.[PubMed] [Ref list] 

61. The Emerging Role of Phosphate in Vascular Calcification Kidney 

Int.2009 May;75(9): 890-897 Direct effects of phosphate on vascular 

cell function. 

62. Lau WL, Pai A, Moe SM, Giachelli CM Adv Chronic Kidney Dis. 

2011 Mar; 18(2):105-12. [PubMed] [Ref list 

63.  Phosphate regulation of vascular smooth muscle cell calcification. Jono 

S, McKee MD, Murry CE, Shioi A, Nishizawa Y, Mori K, Morii H, 

Giachelli CM Circ Res. 2000 Sep 29; 87(7):E10-7. [PubMed] [Ref list] 

64.  Cardiac calcification in adult hemodialysis patients. A link between 

end-stage renal disease and cardiovascular disease? Raggi P, Boulay A, 

Chasan-Taber S, Amin N, Dillon M, Burke SK, Chertow GM J Am 

Coll Cardiol. 2002 Feb 20; 39(4):695-701. [PubMed] [Ref list] 

65.  Atherosclerosis and vascular calcification are independent predictors of 

left ventricular hypertrophy in chronic haemodialysis patients. Yildiz 

A, Memisoglu E, Oflaz H, Yazici H, Pusuroglu H, Akkaya V, Erzengin 

F, Tepe S Nephrol Dial Transplant. 2005 Apr; 20(4):760-7. [PubMed]  

[Ref list] 

66.  Hyperphosphatemia aggravates cardiac fibrosis and microvascular 

disease in experimental uremia. Amann K, Törnig J, Kugel B, Gross 



 
 

 
 

86

ML, Tyralla K, El-Shakmak A, Szabo A, Ritz E Kidney Int. 2003 Apr; 

63(4):1296-301. [PubMed] [Ref list] 

67.  Arterial stiffness in chronic kidney disease: causes and consequences. 

Chue CD, Townend JN, Steeds RP, Ferro CJ Heart. 2010 Jun; 

96(11):817-23. [PubMed] [Ref list] 

68.  Dietary phosphate restriction ameliorates endothelial dysfunction in 

adenine-induced kidney disease rats. Van TV, Watari E, Taketani Y, 

Kitamura T, Shiota A, Tanaka T, Tanimura A, Harada N, Nakaya Y, 

Yamamoto H, Miyamoto K, Takeda E J Clin Biochem Nutr. 2012 Jul; 

51(1):27-32. [PubMed] [Ref list] 

69.  Vascular calcification and secondary hyperparathyroidism of severe 

chronic kidney disease and its relation to serum phosphate and calcium 

levels. Terai K, Nara H, Takakura K, Mizukami K, Sanagi M, 

Fukushima S, Fujimori A, Itoh H, Okada M Br J Pharmacol. 2009 Apr; 

156(8):1267-78. [PubMed] [Ref list] 

70.  Impact of poverty on serum phosphate concentrations in the Third 

National Health and Nutrition Examination Survey. Gutiérrez OM, 

Isakova T, Enfield G, Wolf M J Ren Nutr. 2011 Mar; 21(2):140-8. 

[PubMed] [Ref list] 



 
 

 
 

87

71.  Phosphate additives in food--a health risk. Ritz E, Hahn K, Ketteler M, 

Kuhlmann MK, Mann J Dtsch Arztebl Int. 2012 Jan; 109(4):49-55. 

[PubMed] [Ref list] 

72. Hunt JL, Fairman R, Mitchell ME, et al. Bone formation in carotid 

plaques: a clinicopathological study. Stroke. 2002;33:1214–1219. 

[PubMed] [Ref list] 

73.   Burke AP, Taylor A, Farb A, et al. Coronary calcification: insights 

from sudden coronary death victims. Z Kardiol. 2000;89 (Suppl 2):49–

53. [PubMed] [Ref list] 

74.  Monckeberg JG. Uber die reine mediaverkalkung der extremitaten-

arteries und ihr Verhalten zur arteriosklerose. Virchows Arch. 

1903;171:141–167. [Ref list] 

75.  Edmonds ME, Morrison N, Laws JW, et al. Medial arterial 

calcification and diabetic neuropathy. Br Med J (Clin Res Ed) 

1982;284:928–930. [PMC free article][PubMed] 

76.  Micheletti RG, Fishbein GA, Currier JS, et al. Monckeberg sclerosis 

revisited: a clarification of the histologic definition of Monckeberg 

sclerosis. Arch Pathol Lab Med. 2008;132:43–47. [PubMed] [Ref list 

77.  Ibels LS, Alfrey AC, Huffer WE, et al. Arterial calcification and 

pathology in uremic patients undergoing dialysis. Am J Med. 

1979;66:790–796. [PubMed] [Ref list] 



 
 

 
 

88

78.  Schwarz U, Buzello M, Ritz E, et al. Morphology of coronary 

atherosclerotic lesions in patients with end-stage renal failure. Nephrol 

Dial Transplant. 2000;15:218–223. [PubMed] [Ref list 

79.  Block GA. Prevalence and clinical consequences of elevated Ca × P 

product in hemodialysis patients. Clin Nephrol. 2000;54:318–324. 

[PubMed] 

80.  Chertow GM, Burke SK, Raggi P. Sevelamer attenuates the 

progression of coronary and aortic calcification in hemodialysis 

patients. Kidney Int. 2002;62:245–252. [PubMed] 

81.  Russo D, Miranda I, Ruocco C, et al. The progression of coronary 

artery calcification in predialysis patients on calcium carbonate or 

sevelamer. Kidney Int. 2007;72:1255–1261. [PubMed] 

82.  Tonelli M, Sacks F, Pfeffer M, et al. Relation between serum 

phosphate level and cardiovascular event rate in people with coronary 

disease. Circulation. 2005;112:2627–2633. [PubMed] 

83.   Grant EG, Benson CB, Moneta GL et-al. Carotid artery stenosis: gray-

scale and Doppler US diagnosis-Society of Radiologists in Ultrasound 

Consensus Conference. Radiology. 2003;229 (2): 340-6. 

doi:10.1148/radiol.2292030516 - Pubmed citation 

84.  Hathout GM, Fink JR, El-saden SM et-al. Sonographic NASCET 

index: a new doppler parameter for assessment of internal carotid 



 
 

 
 

89

artery stenosis. AJNR Am J Neuroradiol. 2005;26 (1): 68-75. AJNR 

Am J Neuroradiol (full text) - Pubmed citation 

85.  Phosphate transport along the nephron. Knox FG, Osswald H, 

Marchand GR, Spielman WS, Haas JA, Berndt T, Youngberg SP Am J 

Physiol. 1977 Oct; 233(4):F261-8. [PubMed] [Ref list] 

86.  Pastoriza-Muñoz E, Colindres RE, Lassiter WE, Lechene C. Effect of 

parathyroid hormone on phosphate reabsorption in rat distal 

convolution. Am J Physiol. 1978;235:F321–30. [PubMed][Ref list] 

87.  Peraino RA, Suki WN. Phosphate transport by isolated rabbit cortical 

collecting tubule. Am J Physiol. 1980;238:F358–62.[PubMed] [Ref list 

88.  Shareghi GR, Agus ZS. Phosphate transport in the light segment of the 

rabbit cortical collecting tubule. Am J Physiol. 1982;242:F379–84. 

[PubMed] [Ref list] 

89.  Chabardès D, Imbert M, Clique A, Montégut M, Morel F. PTH 

sensitive adenyl cyclase activity in different segments of the rabbit 

nephron. Pflugers Arch. 1975;354:229–39. [PubMed] [Ref list] 

90.  Shimada T, Muto T, Urakawa I, Yoneya T, Yamazaki Y, Okawa K, et 

al. Mutant FGF-23 responsible for autosomal dominant 

hypophosphatemic rickets is resistant to proteolytic cleavage and 

causes hypophosphatemia in vivo. Endocrinology. 2002;143:3179–82. 

[PubMed] [Ref list] 



 
 

 
 

90

91.  Larsson T, Marsell R, Schipani E, Ohlsson C, Ljunggren O, 

Tenenhouse HS, et al. Transgenic mice expressing fibroblast growth 

factor 23 under the control of the alpha1(I) collagen promoter exhibit 

growth retardation, osteomalacia, and disturbed phosphate 

homeostasis. Endocrinology. 2004;145:3087–94. [PubMed] [Ref list] 

92.  Shimada T, Hasegawa H, Yamazaki Y, Muto T, Hino R, Takeuchi Y, 

et al. FGF-23 is a potent regulator of vitamin D metabolism and 

phosphate homeostasis. J Bone Miner Res. 2004;19:429–35. [PubMed] 

[Ref list] 

93.  Kuro-o M, Matsumura Y, Aizawa H, Kawaguchi H, Suga T, Utsugi T, 

et al. Mutation of the mouse klotho gene leads to a syndrome 

resembling ageing. Nature. 1997;390:45–51. [PubMed] [Ref list] 

94.  Li SA, Watanabe M, Yamada H, Nagai A, Kinuta M, Takei K. 

Immunohistochemical localization of Klotho protein in brain, kidney, 

and reproductive organs of mice. Cell Struct Funct. 2004;29:91–9. 

[PubMed] [Ref list] 

95.  Ben-Dov IZ, Galitzer H, Lavi-Moshayoff V, Goetz R, Kuro-o M, 

Mohammadi M, et al. The parathyroid is a target organ for FGF23 in 

rats. J Clin Invest. 2007;117:4003 8.[PubMed] [Ref list] 

96.   Segawa H, Yamanaka S, Ohno Y, Onitsuka A, Shiozawa K, Aranami 

F, et al. Correlation between hyperphosphatemia and type II Na-Pi 



 
 

 
 

91

cotransporter activity in klotho mice. Am J Physiol Renal Physiol. 

2007;292:F769–79. [PubMed] [Ref list] 

97.  Kurosu H, Ogawa Y, Miyoshi M, Yamamoto M, Nandi A, Rosenblatt 

KP, et al. Regulation of fibroblast growth factor-23 signaling by 

klotho. J Biol Chem. 2006;281:6120–3. [PubMed] [Ref list] 

98.  Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo 

JL Jr. et al. The seventh report of the joint national committee on 

prevention, detection, evaluation, and treatment of high blood pressure: 

the JNC 7 report. JAMA. 2003;289(19):2560–72. doi: 10.1001/ 

jama.289.19.2560. [PubMed][Ref list] 

99.  Expert Committee on the Diagnosis and Classification of Diabetes 

Mellitus. Report of the expert committee on the diagnosis and 

classification of diabetes mellitus. Diabetes Care. 2003;26(Suppl 

1):S5–20. [PubMed][Ref list] 

100. Third Report of the National Cholesterol Education Program (NCEP) 

Expert Panel on Detection, Evaluation, and Treatment of High Blood 

Cholesterol in Adults (Adult Treatment Panel III) final report. National 

Cholesterol Education Program (NCEP) Expert Panel on Detection, 

Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult 

Treatment Panel III). Circulation. 2002 Dec 17; 106(25):3143-421. 

[PubMed] [Ref list] 



 
 

 
 

92

101.   Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome 

among US adults: findings from the third National Health and 

Nutrition Examination Survey. JAMA. 2002;287(3):356–9. [PubMed] 

102.  Alexander CM, Landsman PB, Teutsch SM, et al. NCEP-defined 

metabolic syndrome, diabetes, and prevalence of coronary heart 

disease among NHANES III participants age 50 years and older. 

Diabetes. 2003;52(5):1210–4. [PubMed] 

103.  Hokanson JE, Austin MA. Plasma triglyceride level is a risk factor for 

cardiovascular disease independent of high-density lipoprotein 

cholesterol level: A meta-analysis of population-based prospective 

studies. J Cardiovasc Risk. 1996;3(2):213–9. [PubMed] 

104.  Schulte H, Cullen P, Assmann G. Obesity, mortality and 

cardiovascular disease in the Münster Heart Study (PROCAM) 

Atherosclerosis. 1999;144(1):199–209. [PubMed] 

105.  Sarwar N, Danesh J, Eiriksdottir G, et al. Triglycerides and the risk of 

coronary heart disease: 10,158 incident cases among 262,525 

participants in 29 Western prospective studies. Circulation. 

2007;115:450–8.[PubMed] 

106.  Miller M, Stone NJ, Ballantyne C<et al: Triglycerides and 

cardiovascular disease: a scientific statement from the American Heart 

Association.circulation. 2011  May 24 123(20):2292-333 



 
 

 
 

93

107.  Hsu CY, Vittinghoff E, Lin F, et al. The incidence of end-stage renal 

disease is increasing faster than the prevalence of chronic renal 

insufficiency. Ann.Intern.Med. 2004;141:95–101. [PubMed] 

108.  Epidemiology and risk factors of chronic kidney disease in India – 

results from the SEEK (Screening and Early Evaluation of Kidney 

Disease) study Ajay K Singh, Youssef MK Farag, [...], and Mohan M 

Rajapurkar BMC Nephrol. 2013; 14: 114. Published online 2013 May 

28. doi:  10.1186/1471-2369-14-114 

109.  Schroeder SA. New evidence that cigarette smoking remains the most 

important health hazard. The New England journal of medicine. 

2013;368:389–390. [PubMed] 

110.  The health consequences of smoking-50 years of progress: A report of 

the surgeon general. Atlanta (GA): 2014. 

111.  Barua RS, Ambrose JA. Mechanisms of coronary thrombosis in 

cigarette smoke exposure. Arteriosclerosis, thrombosis, and vascular 

biology. 2013;33:1460–1467. [PubMed] 

112.  Schane RE, Ling PM, Glantz SA. Health effects of light and 

intermittent smoking: A review. Circulation. 2010;121:1518–1522. 

[PMC free article] [PubMed] 



 
 

 
 

94

113.  Hammond EC, Horn D. Smoking and death rates: Report on forty-four 

months of follow-up of 187,783 men. 2. Death rates by cause. Journal 

of the American Medical Association. 1958;166:1294–1308.[PubMed] 

114.  Doll R, Hill AB. The mortality of doctors in relation to their smoking 

habits; a preliminary report. Br Med J. 1954;1:1451–1455. [PMC free 

article] [PubMed] 

115.  Doll R, Hill AB. Mortality of british doctors in relation to smoking: 

Observations on coronary thrombosis. National Cancer Institute 

monograph. 1966;19:205–268. [PubMed] 

116.  Pearl R. Tobacco smoking and longevity. Science. 1938;87:216–217. 

[PubMed] 

117.  Freund KM, Belanger AJ, D'Agostino RB, Kannel WB. The health 

risks of smoking. The framingham study: 34 years of follow-up. 

Annals of epidemiology. 1993;3:417–424.  

118.  Price JF, Mowbray PI, Lee AJ, Rumley A, Lowe GD, Fowkes FG. 

Relationship between smoking and cardiovascular risk factors in the 

development of peripheral arterial disease and coronary artery disease: 

Edinburgh artery study. European heart journal. 1999;20:344–353. 

119.  Ambrose JA, Barua RS. The pathophysiology of cigarette smoking and 

cardiovascular disease: An update. Journal of the American College of 

Cardiology. 2004;43:1731–1737.  



 
 

 
 

95

120.  Libby P. Inflammation in atherosclerosis. Arteriosclerosis, thrombosis, 

and vascular biology. 2012;32:2045–2051.  

121.  Emerging Risk Factors C, Kaptoge S, Di Angelantonio E, Lowe G, 

Pepys MB, Thompson SG, Collins R, Danesh J. C-reactive protein 

concentration and risk of coronary heart disease, stroke, and mortality: 

An individual participant meta-analysis. Lancet. 2010;375:132–140.  

122.  Das I. Raised c-reactive protein levels in serum from smokers. Clinica 

chimica acta; international journal of clinical chemistry. 1985;153:9–

13.  123. Sharrett AR, Ding J, Criqui MH, Saad MF, Liu K, Polak JF, 

Folsom AR, Tsai MY, Burke GL, Szklo M. Smoking, diabetes, and 

blood cholesterol differ in their associations with subclinical 

atherosclerosis: The multiethnic study of atherosclerosis (mesa) 

Atherosclerosis. 2006;186:441–447. 

124.  McEvoy JW, Blaha MJ, Rivera JJ, Budoff MJ, Khan AN, Shaw LJ, 

Berman DS, Raggi P, Min JK, Rumberger JA, Callister TQ, 

Blumenthal RS, Nasir K. Mortality rates in smokers and nonsmokers in 

the presence or absence of coronary artery calcification. JACC 

Cardiovascular imaging. 2012;5:1037–1045.[PMC free article] 

125.  Kronmal RA, McClelland RL, Detrano R, Shea S, Lima JA, Cushman 

M, Bild DE, Burke GL. Risk factors for the progression of coronary 

artery calcification in asymptomatic subjects: Results from the multi-



 
 

 
 

96

ethnic study of atherosclerosis (mesa) Circulation. 2007;115:2722–

2730.  

126.  Rasmussen T, Frestad D, Kober L, Pedersen JH, Thomsen LH, Dirksen 

A, Kofoed KF. Development and progression of coronary artery 

calcification in long-term smokers: Adverse effects of continued 

smoking. Journal of the American College of Cardiology. 2013;  

62:255–257.  

127.  Benowitz NL. Cigarette smoking and cardiovascular disease: 

pathophysiology and implications for treatment  Prog Cardiovasc 

Dis.2003;46(1):91–111 

128.  Law MR Morris JK Watt HC Wald NJ . The dose-response 

relationship between cigarette consumption, biochemical markers and 

risk of lung cancer. Br J Cancer . 1997;75(11):1690–1693. 

129.  U.S. Department of Health and Human Services. How Tobacco Smoke 

Causes Disease: The Biology and Behavioral Basis for Smoking-

Attributable Disease: A Report of the Surgeon General . Washington, 

DC: U. S. Department of Health and Human Services, Centers for 

Disease Control and Prevention, National Center for Chronic Disease 

Prevention and Health Promotion, Office on Smoking and Health, 

Superintendent of Documents, U.S. Government Printing Office; 2010. 



 
 

 
 

97

130. U.S. Department of Health and Human Services. The Health 

Consequences of Smoking -- 50 Years of Progress: A Report of the 

Surgeon General . Atlanta, GA: U.S. Department of Health and Human 

Services, Centers for Disease Control and Prevention, National Center 

for Chronic Disease Prevention and Health Promotion; 2014. 

131.  Dysfunctional endothelial nitric oxide biosynthesis in healthy smokers 

with impaired endothelium-dependent vasodilatation. Barua RS, 

Ambrose JA, Eales-Reynolds LJ, DeVoe MC, Zervas JG, Saha DC 

Circulation. 2001 Oct 16; 104(16):1905-10. 

132.  The pathophysiology of cigarette smoking and cardiovascular disease: 

an update. Ambrose JA, Barua RS J Am Coll Cardiol. 2004 May 19; 

43(10):1731-7. 

133.  Cytokines and myocardial dysfunction: state of the art. El-Menyar AA 

J Card Fail. 2008 Feb; 14(1):61-74. 

134.  Acute effects of smoking on diastolic function in healthy participants: 

studies by conventional doppler echocardiography and doppler tissue 

imaging. Alam M, Samad BA, Wardell J, Andersson E, Höglund C, 

Nordlander R J Am Soc Echocardiogr. 2002 Oct; 15(10 Pt 2):1232-7. 

135.  Norepinephrine and epinephrine release and adrenergic mediation of 

smoking-associated hemodynamic and metabolic events. Cryer PE, 



 
 

 
 

98

Haymond MW, Santiago JV, Shah SD N Engl J Med. 1976 Sep 9; 

295(11):573-7. 

136.  Correlation of serum phosphate with carotid intimal-medial thickness 

in chronic kidney disease patients V. K. Sharma, P. Dwivedi, and A. K. 

Dubey Indian J Nephrol. 2014 Jan-Feb; 24(1): 15–19. 

137.  Desbien AM, Chonchol M, Gnahn H, Sander D. Kidney function and 

progression of carotid intima-media thickness in a community study. 

Am J Kidney Dis. 2008;51:58493. 

138.  Reference intervals for common carotid intima-media thickness 

measured with echotracking: relation with risk factors Lian Engelen 

Isabel Ferreira Coen D. Stehouwer Pierre BoutouyrieStéphane Laurent 

139.  Normal values for intima-media thickness of the common carotid 

artery--an update following a novel risk factor profiling. 

Randrianarisoa E1, Rietig R1, Jacob S1, Blumenstock G2, Haering 

HU1, Rittig K1, Balletshofer B. 



 
 

 
 

i

ANNEXURE 

STUDY PROFORMA 

 

Name:    Age:  Sex:    IP/OP no.: 

BMI:     

Smoking Index: 

T2DM: Yes/No  Duration: 

SHT: Yes/No   Duration: 

Blood Pressure: 

CKD-Stage: 

Serum Phosphorus (mg/dl): 

Total Cholesterol: 

Triglycerides: 

 

 Right Left 

Mean CIMT (mm)   
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PATIENT CONSENT FORM 

Study detail : “CORRELATING SERUM PHOSPHORUS LEVELS 
AND CAROTID INTIMAL MEDIAL THICKNESS IN PATIENTS 
WITH CHRONIC KIDNEY DISEASE” 

  

• Study centre  :            KILPAUK  MEDICAL COLLEGE, CHENNAI 

• Patients Name  : 

• Patients Age  : 

• Identification Number        : 

   Patient may check (     ) these boxes 

• I  confirm that I have understood the purpose of procedure for the above study. I have 
the opportunity to ask question and all my questions and doubts have been answered 
to my complete satisfaction. 

• I understand that my participation in the study is voluntary and that I am free to 
withdraw at any time without giving reason, without my legal rights being affected. 

• I understand that sponsor of the clinical study, others working on the sponsor’s 
behalf, the ethical committee and the regulatory authorities will not need my 
permission to look at my health records, both in respect of current study and any 
further research that may be conducted in relation to it, even if I withdraw from the 
study I agree to this access. However, I understand that my identity will not be 
revealed in any information released to third parties or published, unless as required 
under the law. I agree not to restrict   the use of any data or results that arise from this 
study. 

• I agree to take part in the above study and to comply with the instructions given 
during the study and faithfully cooperate with the study team and to immediately 
inform the study staff if I suffer from any deterioration in my health or well-being or 
any unexpected or unusual symptoms. 

• I hereby consent to participate in this study. 

• I hereby give permission to undergo complete clinical examination and diagnostic 
tests including hematological, biochemical, radiological tests. 

• Signature/thumb impression:     

• Patients Name and Address:                    place   date 

• Signature of investigator :    

  

• Study investigator’s Name :                         place   date 
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சுயஒப்புதல் படிவம் 

 

• ஆய்வு ெசய்யப்படும் தைலப்பு:  

• இடம்:           ெபாது மருத்துவத்துவ துைர 

அரசு  கீழ்பாக்கம் மருத்துவ கல்லூr 

மருத்துவமைன,  ெசன்ைன 

• பங்குெபறுபவrன்  ெபயர் : 

• பங்குெபறுபவrன்  வயது :                      

• பங்குெபறுபவrன்  எண் : 

• ேமேல குறிப்பிட்டுள்ள மருத்துவ ஆய்வின் விவரங்கள் 

எனக்கு விளக்கப்பட்டது.  நான் இவ்வாய்வில் 

தன்னிச்ைசயாக பங்ேகற்கிேறன்.  எந்த காரணத்தினாேலா 

எந்த சட்டசிக்கலுக்கும் உட்படாமல் நான் இவ்வாய்வில் 

இருந்து விலகிக்ெகாள்ளல்லாம் என்றும் அறிந்து 

ெகாண்ேடன். 

• இந்த ஆய்வு சம்பந்தமாகேவா,  இைத சார்ந்து ேமலும் ஆய்வு 

ேமற்ெகாள்ளும்ேபாதும் இந்த ஆய்வில்பங்கு ெபறும் 

மருத்துவர் என்னுைடய மருத்துவ அறிக்ைககைள 

பார்ப்பதற்கு என் அனுமதி ேதைவயில்ைல என அறிந்து 

ெகாள்கிேறன்.  இந்த ஆய்வின் மூலம் கிைடக்கும் 

தகவைலேயா, முடிைவேயா பயன்படுத்திக்ெகாள்ள மறுக்க 

மாட்ேடன். 

• இந்த ஆய்வில் பங்கு ெகாள்ள ஒப்புக்ெகாள்கிேறன்.   இந்த 

ஆய்ைவ ேமற்ெகாள்ளும் மருத்துவ அணிக்கு 

உண்ைமயுடன் இருப்ேபன் என்றும் உறுதியளிக்கிேறன். 

• பங்ேகற்பவrன்   ைகெயாப்பம்                         

•  ஆய்வாளrன்   ைகெயாப்பம் 

• இடம் : 

• ேததி : 
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 Right Left

41 M 2 1 2 188 164 0.8 0.8 5 4

44 M 2 2 2 160 153 0.8 0.82 5 4

45 M 1 1 2 158 156 0.77 0.75 4.2 3A

46 M 2 2 2 180 210 0.8 0.82 5.4 4

45 M 2 2 2 181 135 0.83 0.81 5.5 4

46 M 2 2 2 190 148 0.76 0.78 4.4 3A

39 M 2 2 2 145 148 0.84 0.82 5.3 5

40 M 2 1 2 176 156 0.79 0.77 4.5 4

43 M 2 2 2 200 216 0.79 0.81 5.8 4

44 M 2 2 2 184 168 0.93 0.91 6.9 5

45 M 2 2 2 156 164 0.85 0.83 6.1 4

46 M 2 2 2 190 147 0.92 0.94 7.1 5

47 M 2 1 2 202 142 0.78 0.76 5.1 3A

44 M 2 2 2 164 138 0.81 0.83 6.1 4

48 M 2 2 2 188 224 0.78 0.8 6.3 4

49 M 1 1 2 139 174 0.78 0.8 6.4 4

49 M 2 2 2 178 183 0.74 0.76 4.7 3A

47 M 1 2 1 160 178 0.7 0.72 4.5 3A

48 M 2 2 1 162 182 0.73 0.71 4.6 3A

46 M 2 2 1 162 230 0.81 0.79 5.8 4

49 M 1 2 1 156 184 0.69 0.71 4.1 3B

50 M 2 1 1 160 182 0.69 0.67 3.9 3A

48 M 2 2 1 144 174 0.89 0.87 6.4 5

34 M 1 2 1 140 176 0.71 0.69 4.3 3B

48 M 2 2 1 170 168 0.72 0.7 4.6 3B

47 M 2 2 1 172 169 0.72 0.7 4 3B

48 M 2 2 1 176 178 0.73 0.71 3.8 3B

36 M 2 2 1 146 198 0.66 0.68 3.7 3A

49 M 2 2 1 168 175 0.73 0.75 5.4 5
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45 M 2 2 1 170 184 0.73 0.75 5 5

48 M 2 2 1 172 182 0.74 0.76 5.4 5

49 F 2 1 1 180 178 0.76 0.74 5.2 4

50 F 2 2 1 183 168 0.77 0.75 5.7 5

48 F 2 2 1 168 172 0.75 0.77 5.8 4

38 F 1 1 1 126 174 0.8 0.78 5.9 4

47 F 2 2 1 160 178 0.73 0.71 4.3 3B

46 F 1 2 1 152 164 0.88 0.86 6.8 5

48 F 2 2 1 156 214 0.73 0.75 6.6 4

38 F 1 2 1 160 172 0.7 0.68 4.1 3B

49 F 2 2 1 178 178 0.73 0.71 4.3 3B

49 F 1 2 1 148 146 0.74 0.72 4.4 3B

48 F 1 1 1 138 138 0.82 0.84 6.2 4

47 F 2 2 1 190 179 0.73 0.75 4.4 3B

48 F 2 2 1 196 184 0.72 0.7 4 5

49 F 2 1 1 190 164 0.76 0.74 4.6 3B

47 F 1 2 1 185 168 0.85 0.87 6.4 5

47 F 2 2 1 188 172 0.9 0.92 7.2 5

46 F 2 1 1 204 178 0.74 0.72 4.4 3B

49 F 1 2 1 149 140 0.82 0.8 7 4

48 F 2 2 1 195 171 0.91 0.89 7.3 5

DM 1NON DIABETIC
2 DIABETIC

SHT 1N HYPERTENSIVE
2YPERTENSIVE

SMOKING 1NON SMOKER 
2 SMOKER

CKD STAGE eGFR  
1 ≥90
2 60-89

              45-59
              30-44

4 15-29
5  <15
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