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ABSTRACT
“SERUM IRON INDICES IN PATIENTS WITH CHRONIC KIDNEY
DISEASE”

|. Introduction

CKD is a global public health problem with a significant morbidity and mortality due to
associated complications which patient can develop. One such complication is anemia. Anemia
contributes not only to symptoms associated with reduced kidney function but also has a direct
adverse cardiovascular effect, which remains the most common cause of mortality among CKD
patients. Several studies have also shown that severe anemia may accelerate the progression to
ESRD. Among the many causes of anemia in CKD, iron deficiency anemia is one of the easily
recognizable and treatable causes. Before starting empirical treatment of anemia with ESA it is
very essential that iron status/indices to be determined to avoid inadvertent complications
associated with usage of ESA and also to prevent iron overload due to the usage of iron
supplements. So the present study is aimed at evaluating the iron indices among CKD patients

and to recognize the number of patients having absolute versus functional IDA.

1. Objectives

1. To study iron indices. [Serum iron, Serum Ferritin, transferrin saturation (TSAT), TIBC]
2. To estimate the percentage of iron-deficient patients among chronic kidney disease.

3. To estimate the percentage of patients having functional versus absolute iron deficiency.
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I11. Material And Methods:

Source Of Data:

The study included 70 CKD patients who presented to RLJ Hospital Kolar attached to
SDUAHER during February 2017 - May 2018 who satisfied the inclusion criteria & exclusion
criteria.

Sampling Procedure:

At Nephrology division of R.L.Jalappa hospital Consecutive recruitment (total enumerative
sampling) of study participants was done.

The following laboratory tests were done: Serum creatinine, Blood urea, CBC, LFT, serum iron
indices (Serum iron, Serum Ferritin, transferrin saturation(TSAT)TIBC), USG KUB, Urine
routine.

Absolute iron deficiency is diagnosed when S.Ferritin <100ng/ml and TSAT <20%.

Functional iron deficiency is diagnosed when S.Ferritin >100ng/ml and TSAT <20%.

1V. Results

Total percentage of CKD patients who had anemia in our study were 82.8%, of whom 47.1% had
iron deficiency anemia. The patients who had absolute iron deficiency were 12.8% and 32.85%
of them had Functional Iron Deficiency. As stage advanced Serum iron and TSAT decreased
with increasing TIBC suggesting increasing prevalence of iron deficiency anemia as CKD
progresses. Mean ferritin values were relatively adequate among various stages suggesting that

anemia was due to inadequate mobilization from the iron stores.



V. Conclusions

The study supports current KDOQI recommendation of routine estimation of iron status in all the
patients of CKD with anemia. This is not only to avoid the in advert use of ESA which has its
own complications but also to avoid iron overload in patients with adequate iron stores. In a vast
majority of patients, inadequate endogenous EPO production(normal iron status) and defective
iron supply for erythropoiesis in the form of functional iron deficiency seems to be the cause of
anemia. A reduction of 70% in ESA dosage has been noted in patients receiving IV iron. ESAS
are the main treatment of anemia of CKD and for this adequate iron stores are necessary to
permit an optimal response. An early management of anemia is needed in CKD patients as

anemia leads to CKD progression and accelerates cardiovascular mortality among these patients.
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1. INTRODUCTION

The Kidney Diseases Outcome Quality Initiative (K/DOQI) & Kidney Disease
Improving Global Outcomes (KDIGO) defines chronic kidney disease (CKD) as
damage for >3 months, defined by structural or functional abnormalities of the

kidney, with or without decreased GFR

OR

GFR <60ml/min/1.73m2 for > 3 months with or without kidney damage. The
persistence of the damage or decreased function for the duration of three months or

longer is necessary to distinguish CKD from acute kidney disease. )

Markers of kidney damage include albuminuria >30mg/day, urine sediment
abnormalities (e.g.: hematuria, red cell casts etc.), electrolyte or other abnormalities
due to tubular disorders, structural abnormalities detected by imaging, abnormalities

detected by histology, history of kidney transplantation.

GFR of <60ml/min/1.73m?, which is commonly estimated (eGFR) using serum

creatinine.

CKD is a universal health problem, with a greater burden and very high cost of care
especially in developing countries like India. The National Kidney Foundation in
India states that kidney diseases rank 3rd amongst the life-threatening diseases after

cancer and heart disease. @

A worldwide increase in the prevalence of diabetes mellitus, hypertension, obesity,

and aging also increases the incidence and prevalence of CKD. ©

The Patients enrolled in the end-stage renal disease (ESRD) Medicare-funded
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program has increased from approximately 10,000 beneficiaries in 1973 to 661,648 as

of 2013 ¥

ESRD consume a substantial share of health care resources.

Despite the huge proportion of resources used in the treatment of ESRD and
substantial improvement in the quality of dialysis, still a notable mortality and

morbidity is seen due to associated co-morbidities. One such complication is anemia.

Anemia is a universal public health problem affecting social and economic
development of both developed and developing countries with major consequences on

human health.

Anemia develops early in the course of CKD and severity increases as the disease
progresses. ® An appropriate balance between stimulating the generation of
erythroblasts (erythropoiesis) and maintaining sufficient iron levels for optimum

hemoglobin (Hb) production is the keystone for anemia management in CKD. ©

Anemia contributes to many of the symptoms associated with reduced kidney

function. These include fatigue, depression, reduced exercise tolerance, and dyspnea.

In addition, anemia has a direct adverse cardiovascular disease (CVD) consequences
which includes left ventricular hypertrophy (LVH), left ventricular systolic
dysfunction, coronary artery disease, and stroke. CVD is the most common cause of

mortality among CKD patients. (%

Therefore, CKD patients with anemia are at a higher risk of increased hospitalization,
increased duration of hospital stay, reduction in quality of life and increased

mortality.
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Among non-dialysis CKD patients, severe anemia may accelerate the progression to

end-stage renal disease (ESRD).

Anemia in CKD is due to many causes. Erythropoiesis and iron homeostasis are
impeded due to the relative deficiency of erythropoietin, chronic inflammation, blood
loss, decreased iron absorption and utilization, exogenous iron and erythropoietin
acquisition via biologically unregulated mechanisms (treatment with ESA, blood

transfusions, and iron administration). ©-19

The advent of erythropoiesis-stimulating agents (ESA) and various intravenous iron
preparations has resulted in an effective management of anemia of CKD, by
maintaining optimal hemoglobin levels and by effectively treating iron deficiency.
The newer challenges are the risks associated with administering ESA and iron
therapy, which comprises from as simple as iron overload, hypertension, thrombosis

to serious complications like pure red cell aplasia, even though the latter is rare. 2

Iron deficiency remains an important cause for suboptimal response to erythropoietin
in dialysis patients. ® Maintenance of iron supplementation is required to
successfully treat anemia with intravenous iron compounds especially in patients who

have functional iron deficiency.

Recombinant human erythropoietin (rHuEpo) for treatment of renal anemia may
results in functional iron deficiency due to insufficient iron stores for the accelerated

erythropoiesis. 1419

The National Kidney Foundation—Dialysis Outcomes Quality Initiative (NKF-DOQI)
guidelines recommend aggressive detection and management of FID. The FID can be

confirmed by the response to a course of parenteral iron, which produces either an
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increase in hemoglobin at the same dose of erythropoietin or the dose of EPO

required for maintaining the target hematocrit level decreases.

For adequate treatment, one should ensure adequate iron is available and also iron

being mobilized from the stores.

Thus, assessing iron status is integral to both iron deficiency and anemia management
in CKD patients, as it not only avoids the unnecessary use of iron supplements in
CKD patients with anemia but also prevents the adverse complications associated

with the use of erythropoietin stimulating agents. ‘®

There is a shortage of data regarding iron status among patients with CKD. Early
evaluation and treatment of iron deficiency anemia in CKD will prevent an adverse

impact on their quality of life and significantly decreases morbidity and mortality.

Iron indices are non-invasive and cost-effective tools for iron assessment in CKD
patients with iron deficiency anemia and to estimate the optimal levels required for

successful management of iron deficiency anemia in CKD patients.
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2. AIM AND OBJECTIVES

2.1. Aim

The study is aimed at evaluating iron status amongst the chronic kidney disease

patients

2.2. Objectives

1. To study the iron indices. [Serum Iron, Serum Ferritin, transferrin saturation

(TSAT), TIBC]
2. To estimate the percentage of iron-deficient patients among chronic kidney disease.

3. To estimate the percentage of patients having functional versus absolute iron

deficiency.

Page 26



3. REVIEW OF THE LITERATURE

3.1 The Kidney

The two kidneys are retroperitoneal structures that lie on the posterior wall of the
abdomen. Each kidney weighs about 150 grams and is typically 10-12 cm in length,
5-7 cm in width, and 2-3 cm in thickness. The hilum is an indented region on the
medial side of each kidney through which passes the renal artery and vein,
lymphatics, nerve supply, and ureter. Urine passes from kidney to the bladder through
the ureter, where it is stored until emptied. A tough, fibrous capsule surrounds the

kidneys and protects its delicate inner structures. 7

On coronal section, of the kidney, the two major regions that can be visualized are the
outer cortex and the inner medulla regions. The medulla has 8 to 10 cone-shaped
tissue called renal pyramids. The junction of cortex and medulla is the base of the
pyramid and the apex is the papilla, which ends in the renal pelvis, a funnel-shaped
continuation of the upper ureter. The pelvis divides into major calyces and minor
calyces, which collect urine from the tubules of each papilla. The contractile elements
in walls of the calyces, pelvis, and ureter help to propel urine toward the bladder,

where urine is stored until it is expelled through micturition. ¢7
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Urethra— | Capsule of kidney

Figure 1 General organization of the kidneys and the urinary system. 17

3.2 Renal Blood Supply

Renal Blood flow constitutes to about 22 percent of the cardiac output. Each renal
artery branches, further dividing into the interlobar arteries, arcuate arteries,
interlobular arteries (also called radial arteries) and afferent arterioles and the
glomerular capillaries. The distal ends of each glomerular capillaries coalesce to form
the efferent arteriole, and a second capillary network is the peritubular capillaries, that

surrounds the renal tubules.

The resistance in the afferent and efferent arterioles regulates the hydrostatic pressure
in the capillaries, in turn regulating the GFR and tubular reabsorption and maintaining

the homeostasis.

The peritubular capillaries empty into the venous system, which progressively forms
the interlobular vein = arcuate vein —>interlobar vein, which emptied into the renal

vein. Renal vein exits the kidney besides the renal artery and ureter.
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Renal artery—4
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Interlobular
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Efferent Bowman's
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Peritubular

capillaries ~——Collecting duct

Figure 2 - Section of the human kidney showing the major vessels that supply the

blood flow to the kidney and schematic of the microcirculation of each nephron

(U))

3.3 Functional Unit of the Kidney: Nephron

Each kidney in the human contains about 800,000 to 1,000,000 nephrons, each

capable of forming urine. The kidney is incapable of regenerating new nephrons.

Therefore, the number of nephrons gradually decreases with age, renal injury, or

disease. 10 percent of functioning nephrons decrease every 10 years after 40.
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Adaptive changes in the remaining nephrons that help the kidney in its functions,
hence the loss is not life-threatening.

Each nephron contains a tuft of capillaries called the glomerulus, which filters large
amounts of fluid from the blood and a long tubule in which converts the filtered fluid
into the urine.

The renal corpuscle functions as the filtration unit made up of Bowman's capsule with
a Bowman's space that collects the filtrate, glomerular capillaries and the mesangial
cells supporting these capillaries. Endothelial cells, a basement membrane, and
podocytes (foot processes) make up the glomerular filtration barrier.

Filtered fluid flows into the proximal tubule in the cortex of the kidney. From the
proximal tubule, which has a convoluted section followed by a straight section the
fluid then flows into the loop of Henle (a descending and an ascending limb), which
passes into the medulla and then enters the distal tubule in the renal cortex. Fluid then
empties into the collecting ducts.

There are two nephrons, which differ in the length and urine concentrating capacity:

long juxtamedullary nephrons and short cortical nephrons. 7
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Figure 3 - Basic tubular segments of the nephron. The relative lengths of the

different tubular segments are not drawn to scale 17

3.4 Functions of the Kidney

The functional unit of the kidney - Nephron. The kidney regulates extracellular fluid
volume and electrolytes composition to compensate for wide variation in water and
electrolytes intake. The formed urine has potentially toxic waste metabolites, which

are excreted. The kidney functions are: 8
1. Arterial blood pressure regulation

Sodium and water balance is maintained by the kidney through an enzyme renin,

produced by the granular cells of the juxtaglomerular apparatus that catalyzes the
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formation of angiotensin from a plasma globulin, angiotensinogen. Angiotensin is a
potent vasoconstrictor peptide that significantly contributes to salt balance and blood

pressure regulation.

2. Maintenance of body composition

The kidney regulates the volume of fluid in the body.It achieves this regulationby
varying amounts of water and ions excreted in the urine.Electrolytes regulated by
changes in urinary excretion include sodium,potassium,chloride,calcium,magnesium

and phosphate.

3. Removal of waste products and chemicals:

Waste products include urea, creatinine, uric acid (from protein and nucleic acid
metabolism) and waste products generated from the breakdown of hemoglobin that

gives the urine it’s color.

These products generated are potentially harmful and should be excreted. The kidneys

help in the removal of these waste products so that homeostasis is maintained.

4. Erythropoietin production

Erythropoietin, glycoprotein containing 165 amino acid residues and four
oligosaccharide chains. Its blood levels are markedly increased in anemia. In adults
85% of the erythropoietin comes from kidneys and 15% from the liver. Erythropoietin
is produced by interstitial cells in the peritubular capillary bed of the kidneys and by
the perivenous hepatocytes in the liver. When renal mass is reduced in adults by renal

disease or nephrectomy, the liver cannot compensate and the anemia develops. The
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principal site of inactivation of erythropoietin is the liver and the hormone has a half-
life in the circulation of about 5hours. However, the increase in circulating red cells
takes 2-3 days to occur , since the RBC maturation is a slow process.

Normal kidney CKD

Tubular

Injured renal
epithelial

~=._ tubules

Vg \VAL @"
R Q:,;

e TEG

Myofibroblast
transdifferentiation

Non-EPO-proucing
interstitial cells

Myofibroblasts

Figure 4 - Cellular basis of deficiency of erythropoietin in CKD. (19

Erythropoietin producing cell recruitment is impaired in CKD, this results in

reduced EPO output and the development of anemia.

5. Activation of vitamin D

The inactive form of vitamin D is activated in the kidney.1,25-Dihydroxyvitamin
D3,the most active form of vitamin Dg,is formed by proximal tubule cells.This steroid

hormone plays an important role in the regulation of body calcium and phosphate

balance.
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6. Acid-base balance regulation.
Two very important roles of the kidneys are in maintaining the acid-base
balance: they reabsorb bicarbonate from urine. They excrete hydrogen ions into

the urine .

7. Regulation of fluid osmolality.

3.5 STAGES

The national kidney foundation and kidney disease outcomes quality initiative
(NKF/KDOQI) published their guidelines with the purpose to unify the

classification and definition of CKD. ()
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Stage Description GFR (mL/min/1.73 m?)
1 Kidney damage with normal or increased | >90
GFR
2 Kidney damage with a mild decrease in GFR | 60 — 89
3 Kidney damage with a moderate decrease in | 30 — 59
GFR
4 Kidney damage with a severe decrease in | 15— 29
GFR
5 Kidney failure <15 or dialysis

Table 1: CKD stages (classification and definition of CKD)

3.6 Etiology of CKD

Common causes of CKD are 9

* Diabetic nephropathy (30-40%)

» Hypertension (14-22%)

+ Chronic glomerular nephritis (16-20%)

» Chronic interstitial disease (5.4-12.7%)

» Hereditary, familial disease (8.4%)

Obstruction including calculus (2.9%)
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3.7 Epidemioloqgy

In the absence of a renal registry, the exact disease burden of CKD/ESRD in the
Indian population cannot be assessed accurately.

The incidence of ESRD in India is approximately 150-200 pmp annually. ¢}

Because of challenges in access to health care, around half of the patients are first
seen by health care providers with advanced CKD in stage 5, when the eGFR is <15
ml/min per 1.73 m2. @2

This alarming number highlights the need for intense screening programs for those at
risk for CKD. The prevalence of CKD in different regions ranges from <1% to 13%.
International Society of Nephrology’s Kidney Disease Data Center Study data
recently reported a prevalence of 17%. The true burden of ESRD in India is unknown
as there are only few centers for care, there is a deficiency of access to RRT, and
absence of a registry.

An estimation of 120,000 patients on HD is reported in India. 3

3.8 Estimation of Glomerular Filtration Rate

Estimation of GFR and measurement of renal function is a cornerstone in the
classification of kidney diseases. As a physiological measurement, it has proved to be
the most specific and sensitive marker for changes in overall renal function. 4

The fructose polysaccharide inulin is used as a gold standard for GFR measurement.
(24)

Methods used for inulin estimation are inconvenient and expensive for day to day
clinical practice. Instead, endogenous substances like urea, creatinine, and

cystatin C are measured in urine or blood. @ Most widely used marker is serum

creatinine as it is cheap and included in routine blood sampling.
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Creatine phosphate is the breakdown product of serum creatinine which is produced
at a constant rate in muscle under steady-state conditions. It is freely filtered and
partly secreted and this proportion becomes more important if the filtration rate
decreases. The S-Cr level also assesses the nutritional status of the patient.
Individual’s muscle mass, recently ingested meat and the patient’s fluid balance can
also affect S-Cr.

The most widely used formulas used to estimate renal function are

1. The Cockcroft-Gault formula ©®

Creatinine clearance = {((140—age) x weight(kg))/(72xSCrmg/dL)}x 0.85 (if female)
2. Modification of Diet in Renal Disease (MDRD) formula ®® eGFR (mL/min/1.73
m?) =175 x (Scr mg/dL)-1.154 x (Age)-0.203 x (0.742 if female) x (1.212 if African

American) (conventional units)

Review of the literature revealed that CG and MDRD formulae correctly assigned
overall only 62% and 64%, respectively, of the subjects to their actual K/DOQI-CKD
classification's GFR groups as determined by measured GFR (mGFR). ® Normal
plasma constituents can also interfere with creatinine measurement. But the sensitivity
of serum creatinine is low because it fails to identify more than 50% of the patients
with early stage CKD prior to the onset of stage 3 CKD (GFR of 30-
60mL/min/1.73m2). @9

The MDRD equation is extensively used in research as it gives a more accurate
estimate of the GFR than the Cockcroft-Gault formula, especially for older and obese
individuals. @7

The MDRD equation’s accuracy was originally proved in CKD patients but its use in

healthy people or in patients with eGFR >90 mL/ min/1.73m2 is unclear.
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At higher levels of kidney function, MDRD tends to underestimate true GFR in most
studies. CKD-EPI and Cystatin C (a proteinase inhibitor) are also used for GFR

estimation.

The CKD-EPI creatinine equation is based on the principle of 4 variables as the
MDRD Study equation, instead uses a 2-slope spline to correlate the relationship
between eGFR and creatinine, and a different relationship for sex, age, and race. The
equation was reported to perform better and with less bias than the MDRD equation,
especially in patients in early stages with a higher GFR. Thus this also reduces the
misclassification of CKD. ®)
sCR \® sCR 1208
eGFR = 141 * min (T 1) *max(T,l) £0.9934¢%« 1,018+ F = 1.159*B

where:

sCR = serum creatinine in mg/dL
k= 0.7 if female, 0.9 if male

o =-0.329 iffemale, -0.411 if male

F=1if female, 0 if male

B = 11if Black/African American, 0 otherwise
AGE is measured in years

Figure 6 — CKD-EPI equation 8

3.9 Risk Factors For CKD And Decline In Renal Function

The GFR deteriorates after the age of 40 years, with a normal rate of on average 1
ml/min per year. @9

1. Susceptibility factors (these increase the sensitivity to kidney damage)

* Old age

* A family history of CKD
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» Reduction in renal mass

Low birth weight

Low income or education

N

. Initiation Factors — they directly initiate renal damage
» Diabetes

* Hypertension

* Autoimmune diseases

» Systemic infections

* Urinary stones

» Lower urinary tract obstruction

* Drug toxicity

3. Progression factors — worsens renal damage and leads to a faster decline in the
kidney function after initiation of the damage.

« High BP

* Severe Proteinuria

* Poor glycemic control

* Smoking

4. ESRD — morbidity and mortality increases with renal failure
* Lowe dialysis dose (KT/V)
* Temporary vascular access
* Low serum albumin levels

» Late referrals
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Figure 7 — Evolution of CKD.

3.10 Clinical Features of Chronic Kidney Disease

Patients with CKD stages 1-3 are usually asymptomatic. Generally, disturbances in
water or electrolyte balance or endocrine/metabolic derangements become clinically
evident in CKD stages 4-5.

Uremic manifestations are secondary to an accumulation of toxins in CKD stage 5.
Protein-energy malnutrition, loss of lean body mass, and muscle weakness are
manifestations of Metabolic acidosis in stage 5. €0

Hypertension, Peripheral edema and pulmonary edema are due to an imbalance in
sodium and water.

Fatigue reduced exercise capacity, impaired cognitive and immune function and
reduced quality of life are seen with anemia.

Anemia is associated with cardiovascular disease, new onset of heart failure, or

progression into a more severe heart failure, which increases cardiovascular mortality.

(30)
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Chronic renal disease

A Progression of renal disease *E rythropoietin
Decreased renal perfusion

Decreased filling pressures /¢

Heart failure
Cardiomyopathy
Myocyte death o
High output state
Cardiovascular disease + Anaemia
Pressure and

volume overload

Y

LVH and LVD

Figure 8 — The perpetuating triad of CKD, Anemia and CVD @b

Hypoxia
Vasodilation
Volume overload
Tachycardia —
Increased cardiac output
LVH CHF
/\ \ Chronic Inflammation \
\ | Erythropoiesis
\v\ Perturbed iron metabolism
\

An em i a \\ Renin-angiotensin-aldosterone activation
g M = Renal ischemia
Peritubular cell death
Dysregulated EPO C K D

production and release

Figure 9 — The Cardiorenal anemia syndrome (2
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Congestive heart failure (CHF) is both a cause and consequence of CKD. First, heart
failure is a chronic inflammatory state, which leads to an influx of cytokines that
depresses erythropoiesis and disturbs iron metabolism. Second, CHF directly causes
kidney damage, and GFR deteriorates. In response to the reduced cardiac output,
blood pressure (and renal perfusion) is maintained by activation of the RAAS.
Angiotensin Il-mediated renal vasoconstriction results in renal ischemia and tubular
cell death. Renal cell death hastens anemia through loss of endocrine function.
Aldosterone-induced salt and water retention increases pre-load, which increases the

heart rate to increase output. ¢

Other uremic manifestations in ESRD, which are more likely due to inadequate
dialysis are:
e Pericarditis complicated by cardiac tamponade, which may also result in
death.
e Encephalopathy can progress to coma and death.
e Peripheral neuropathy
e Restless leg syndrome
e Gastrointestinal symptoms - anorexia, nausea, vomiting, diarrhea
e Skin manifestations - dry skin, pruritus, ecchymosis. The excess urea may
manifest as whitish flakes on the skin known as uremic frost.
e Fatigue, increased sleep, failure to thrive, Malnutrition
e Erectile dysfunction, decreased libido, amenorrhea.

e Platelet dysfunction with a tendency to bleed.
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3.11 Biochemical Changes In CKD

The biochemical alterations in CKD patients are due to altered kidney function, where
it is unable to maintain its filtration, excretion, regulatory and endocrine functions.
Increased plasma concentrations of nitrogenous waste products mainly urea,
creatinine and uric acid results from decreased GFR and tubular function. Metabolic
acidosis %

* Hyperkalemia

* Hypocalcemia

» Hyperphosphatemia

* Secondary hyperparathyroidism

* Anemia

3.12 Iron Homeostasis

Iron is the most abundant transition metal in the human body and the fourth most
common metal in the crust of the earth. Iron plays an important role in the function of
all cells. The important role of iron is to carry oxygen as a part of hemoglobin.
Normal daily Indian diet contains about 14 to 18mg of iron, mostly in the form of
heme contained in the animal products, with the remainder being inorganic iron in
vegetables. The total body iron content is normally about 2.5g in women & as high as
6g in men and is divided into functional and storage compartments.

Majority of the functional iron is found in hemoglobin, myoglobin and iron-
containing enzymes such as catalase and the cytochromes contain the rest. Storage
pools are represented by hemosiderin and ferritin contains about 12% to 20% of total

body iron. Major storage sites are the liver and the phagocytes.
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Healthy young females have smaller iron stores than males, mainly due to menstrual
blood loss and also develop iron deficiency due to excessive losses or increased
demands associated with menstruation and pregnancy, respectively.

Body Iron is recycled between the functional and storage pool. It is transported in
plasma by the iron-binding glycoprotein called transferrin, which is synthesized in the
liver. In normal individuals, transferrin is about one third saturated with iron,
therefore serum iron levels are about 120mcg/dl. Plasma transferrin helps in
delivering iron to cells, including erythroid precursors that require iron to synthesize
hemoglobin. G4 Erythroid precursors possess high-affinity receptors for transferrin
that mediate iron transport through receptor-mediated endocytosis.

Free iron is toxic; hence the iron should be sequestered for storage. Binding iron in
the storage pool to either ferritin or hemosiderin does this. Ferritin is a protein iron
complex present in large amounts in the liver, spleen, skeletal muscles and bone
marrow. In the liver mainly its stored intraparenchymally: in other tissues, it is found
mainly in the macrophages. Hepatocyte iron is derived from plasma transferrin,
whereas storage iron in macrophages is derived from the breakdown of RBC. @
Ferritin is situated in the cytosol intracellularly, in these partially degraded protein
shells of ferritin aggregate into hemosiderin granules. ®® Hemosiderin is chemically
reactive and converts into blue-black when exposed to potassium ferrocyanide, the
principle behind the Prussian blue stain. With normal iron stores only trace amount of
hemosiderin are found in the body, most being stored as ferritin. Iron overload state is
different, where hemosiderin is the stored iron.

Total iron stores must be regulated meticulously because iron in excess is highly
toxic. Iron balance is maintained by regulating the absorption of dietary iron in the

duodenum. ¥ No regulated pathway exists for iron excretion, which is limited to 1to
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2 mg lost each day in the form of shredding of mucosal and skin epithelial cells. As

body iron stores increase, absorption falls and vice versa.

Intestinal
absorption \
Plasma
transferrin
iron w \
Mononuclear . Marrow
phagocyte Liver erythroid
stores - precursors
 /
Circulating Skin, gut,
erythrocytes endometrium
Shedding,
blood loss
(1-2 mg/day)

Figure 10 — Iron metabolism. )

The pathways responsible for non-heme and heme iron differ partially. Luminal non-
heme iron is mostly in the ferric state and must first be reduced to ferrous iron ferric
reductases. Fe*? is transported through the membrane by divalent metal transporterl
(DMT 1). The absorption of non-heme iron is variable and often inefficient. Less than
5% of dietary non-heme is absorbed, a contrast to which 25% of the heme iron is
absorbed. ¢®

Iron which enters the duodenal cells is either stored as mucosal iron or transported to

the blood, the distribution of which is influenced by body iron stores.
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Figure 11 — Regulation of iron absorption. %
Ferrous iron is transported into the circulation from the cytoplasm across the
basolateral enterocyte membrane by ferroportin. Then oxidation of the Fe*? to the
Fe*®* form occurs, which is carried out by the iron oxidases hephaestin and
ceruloplasmin. The absorbed ferric iron binds rapidly to the plasma protein
transferrin, which delivers iron to RBC progenitors in the marrow. ¢
Transferrin which carries iron exists in two forms :
. monoferric (one iron atom)
. diferric (two iron atoms).
The turnover (half-clearance time) of transferrin-bound iron is typically 60-90 min.
The iron-transferrin complex remains in the plasma until it comes across the
transferrin receptor on the surface of marrow erythroid cells. Diferric transferrin has
more affinity for transferrin receptors than apotransferrin (not carrying iron) which
has a low affinity. 7
Transferrin receptors are found on most of the cells within the body and all cells
during development will display transferrin receptors—the cell having the greatest

number of receptors (300,000-400,000/cell) is the developing erythroblast. ¢® Both
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DMT1 and ferroportin are distributed widely and are involved in transportation of
iron in the other tissues as well. When iron-transferrin complex interacts with the
receptor, the complex is internalized and transported to an acidic endosome, where
the iron is released at a low pH. The iron is then utilized for heme synthesis and
transferrin-receptor complex is sent back to the cell surface, where the transferrin is
released back into the circulation and the transferrin receptor than re-anchors onto the
cell membrane. Here some amount of the transferrin receptor protein is released into
the circulation that can be measured as soluble transferrin receptor protein. 8

Iron absorption is regulated by hepcidin, a small peptide that is synthesized in the
liver in response to an increase in intrahepatic iron levels. The main function of the
hepcidin is to inhibit iron transfer from the enterocyte to plasma by binding to

ferroportin and causing endocytosis with subsequent degradation. ¢4
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CKD transfusions administration stores (TMPRSS6 variants) Diseases
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agents Function Infection

Figure 12 — Clinical conditions that influence hepcidin levels. ©9)
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As hepcidin levels increase iron becomes trapped within the duodenal cells in the
form of mucosal ferritin and is lost as these cells are sloughed. Thus when the body
has enough iron stores, high hepcidin levels inhibits its absorption into the blood.
Conversely, with low body stores of iron, hepcidin synthesis falls and in turn
facilitates iron absorption. By inhibiting ferroportin, hepcidin not only reduces iron
uptake from enterocytes but also suppresses iron release from macrophages, which is

the main source of iron for erythroid precursors to make hemoglobin.

3.13 Erythropoietin and Iron dependence in erythropoiesis

EPO and iron are both important in erythropoiesis. They are involved at different

stages of the process of differentiation and maturation i.e. pluripotent stem cell to

erythrocyte.
About 3 -4 Days
I 1
Iron dependence
Erythropoietin
v v
a = ? = ’ -» =
About 10-13 —I
Days
} About 21 Days ~—————]
About 1-2 Days
EPO dependence I I
Pluripotent  Burst-Forming Colony-Forming Proerythro- Erythro- Reticulocytes RBCs
Stem Cell Unit-Erythroid Unit-Erythroid blasts blasts

(BFU-E) Cells (CFU-E) Cells

Figure 13 - Erythropoietin and Iron dependence

EPO is crucial in first 10- to 13-day period when BFU-E transforms into CFU-E that

differentiates into proerythroblasts. In absence of EPO, apoptosis within the CFU-E
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and BFU-E stages occurs. During this period, very little iron is incorporated into Hb.
In contrast, iron incorporation into Hb synthesis is evident during the later shorter (3—
4 days) stage when erythroblasts develop into reticulocytes. At this time, a lack of
iron can impair full hemoglobinization of the RBCs, leading to both absolute and

functional iron deficiency.

3.14 Anemia in CKD

Anemia is a common accompaniment in CKD patients, usually associated with poor
outcomes. The association between the CKD and anemia was linked about 170 years
back by Richard bright. Anemia is especially common in advanced stages of CKD,
anemia prevalence is significantly higher in eGFR < 60 ml/min amongst the males
and <50 ml/min in females. Population studies such as the National Health and
Nutrition Examination Survey (NHANES) by the National Institutes of Health and
the Prevalence of Anemia in Early Renal Insufficiency (PAERI) study reports an
incidence of anemia of <10% in CKD stages 1 and 2, 20% - 40% in CKD stage 3,
50%- 60% in CKD stage 4, and > 70% in CKD stage 5. 0

Anemia leads to reduced quality of life in CKD patients and also increased
cardiovascular diseases, hospitalizations, cognitive impairment, and mortality. 4%
KDIGO guideline defines anemia in CKD when the hemoglobin level is < 13.0 g/dl in
adult males and 12.0g/dl in adult females.

Pathology of Anemia in CKD patients

Anemia in CKD is typically normocytic, normochromic, and is due to many factors.
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Figure 14 — causes of anemia in CKD
1. Lack of EPO synthesis in the diseased kidneys — most common.
The kidney is the main site for EPO production contributing to 80-90% and the liver
contributes only 10-15% of EPO in circulation. ¢V
As the renal disease progresses specialized peritubular cells that produce EPO are
partially or completely depleted or injured resulting inappropriately low EPO

comparative to the degree of anemia of normocytic normochromic type.

2. Inhibition of Erythropoiesis.

It is shown that abnormal metabolite or substances are not adequately excreted in
CKD patients, which interfere with bone marrow functioning. A vast number of CKD
patients have remained anemic despite the presence of elevated levels of EPO,
suggesting that the marrow has decreased responsiveness and sensitivity to circulating
EPO in these patients. 2

Uremic sera inhibit proliferation of Burst Forming Unit-Erythroid (BFU-E) and

Colony Forming Unit-Erythroid (CFU-E) hemosynthesis.
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Patients with anemia on dialysis showed an improvement in hematocrit in the absence
of significant changes in plasma EPO levels, suggesting that an inhibitor was removed
by dialysis.®? Inflammatory mediators (cytokines) such as tumor necrosis factor
alpha, interleukin- 1 and 6 are elevated in CKD and are associated with dysmetabolic

state seen in late in CKD disease. These mediators interfere erythroblast maturation.

3. Iron deficiency anemia
Iron deficiency is an important cause of anemia in CKD patients
» Absolute iron deficiency

» Functional iron deficiency

Normal Functional Absolute
Erythrocyte Iron
Iron stores
Serum Ferritin >300mg/dl 100-300mg/dl <100mg/dl
Transferrin saturation  ~9qo4 <20% <20%,

Figure 15 — Defining Iron deficiency
Causes of depleted iron stores in CKD patients include decreased intake due to
malnutrition decreased appetite associated with uremia and increased loss through
chronic GIT bleeding due to blood vessel fragility associated with uremia, platelet
dysfunction related to uremia, chronic blood retention in the dialysis circuit. ¢®
Absolute iron deficiency is due to severely reduced or an absent iron store in the liver,

spleen, and bone marrow, which diminishes the erythropoiesis and leads to the
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development of anemia. Functional iron deficiency describes a state where the total
iron content is normal or even elevated, despite adequate iron stores, iron is not
available for incorporation into erythroblast. There is an imbalance between the iron
supply and the iron required for erythropoiesis, with iron supply not maintained at a
sufficient rate for adequate hemoglobinization of reticulocytes and RBC %

In AID, there is decrease in the quantity of storage form of iron in the body, where as
functional iron deficiency there is reduced mobilization of iron from the iron stores.
Diagnosing an absolute or a FID anemia particularly becomes challenging in patients
who have associated inflammatory condition(acute/chronic) because the iron
indices/markers are affected by acute phase reaction. This is the cause of anemia in
chronic disease. “3

The main cause of suboptimal response to erythropoietin in dialysis patients is iron
deficiency. For adequate treatment, one should ensure adequate iron is available and
also iron being mobilized from the stores. ©®

Long-term oral iron therapy has disadvantages such as poor compliance due to
dyspepsia, drug interactions, and inadequate absorption. In CKD patients on dialysis
who become iron deficient intravenous iron compounds are preferred.

Anemia is highly prevalent in CKD both in dialysis-dependent and non-dependant
patients. lron deficiency is not adequately treated and unrecognized among CKD
patients. Majority of anemia in CKD are iron deficient indicating IDA remains under
recognized and undertreated.

As already mentioned two major types of iron deficiency anemia are

AID is diagnosed when S.Ferritin <100ng/ml and TSAT <20%.

FID is diagnosed when S.Ferritin >100ng/ml and TSAT <20%.
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Figure 16 — Diagnosing Absolute iron deficiency and Functional iron deficiency.

Assessment of iron status remains an integral part of the management of patients with

anemia in CKD.

4. Secondary hyperparathyroidism

Occurs due to deficiency of Vitamin D3 and increased levels of inorganic phosphate
both of which causes parathyroid hyperplasia and increased production of PTH
hormones. There is an increased bone turnover, which leads to the occurrence of bone
cysts and fibrosis of the bone marrow which leads to the impairment of the bone

marrow and subsequent development of anemia. “4

5. Hemolysis
Hemolysis can be in association with microangiopathic hemolytic anemia and
fragility of RBC due to uremic effect, CKD secondary to SLE. Various tests of

hemolysis(TB, LDH, haptoglobin, urine Hb)should be done to diagnose the same. ¢
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6. Pure Red cell aplasia

Pure red cell aplasia is a disorder characterized by the maturation arrest of the
erythrocytes. Erythroblasts are almost absent in bone marrow; however, it doesn't
affect the white blood cells and platelets. The cause remains unknown and is
hypothesized to be autoimmune in origin.

Usage of Erythropoietin Stimulating Agents can result in the formation of anti-
erythropoietin antibodies leading to pure red cell aplasia and erythropoietin resistance
which causes a decline in the hemoglobin, despite continued therapy with EPO at the

same or even increased doses. “®

7. Angiotensin-converting enzyme inhibitors and receptor blockers
Angiotensin-converting enzyme inhibitors (ACEI) and angiotensin receptor blockers
(ARB) The reason why Angiotensin-converting enzyme inhibitors lower
erythropoietin production or increase its degradation is not known. One hypothesis
suggests that ACEIs may lower EPO production by increasing renal blood flow. “®
Another possibility put forth is angiotensin Il regulates sodium absorption in the
proximal tubules which determine renal oxygen consumption. As sodium absorption
is decreased by Angiotensin-converting enzyme inhibitors, there is a reduction in
renal oxygen consumption which may lead to an increased oxygen availability for the
EPO producing cells.

Other causes of anemia include

8. Malnutrition,

9. Associated malignancy

10. Hemoglobinopathies.

Page 54



3.15 Morphological Characteristic Of Anemia

Erythropoietin deficiency, a major cause of anemia in CKD is normochromic and
normocytic morphologically. There are different morphological types, indicating that
the cause of anemia in CKD is multifactorial. !

A study done in India reported that patients with microcytic hypochromic anemia

were 60%, 30% had normocytic normochromic anemia while 5 % had macrocytic

anemia.

Figure 18 — Microcytic Hypochromic Anemia
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3.16 Iron Status Assessment

The amount of iron in the plasma or serum can be assessed in three ways:
1. Total iron content per unit volume in pg/dl
2. Total iron binding capacity, in pg/dl

3. By estimating the percentage of transferrin saturation.

3.16.1 Serum iron

The plasma or serum iron is that part of the iron pool that is bound primarily to
transferrin. Transferrin has abundant binding sites so that 100% saturation does not
occur, and the typical range of saturation is 35-45%. Methods like ultrafiltration give
an estimate of the concentration of non-transferrin bound iron in the plasma pool.
About 80% of the iron in plasma is taken up by developing bone marrow
erythroblasts. Therefore a change in the rate of red cell synthesis might alter both the

rate of turnover of plasma iron and the iron concentration in the plasma. “?

Iron in the plasma pool exists for a brief period of 40-50 minutes. Therefore the iron
concentration changes quickly with every dynamic move of iron from tissue (e.g.
enterocytes, reticuloendothelial cells, hepatocytes, others) into the plasma pool as well
as the movement of iron out of the plasma pool into tissue (e.g. bone marrow,

myocytes, blood-brain barrier, etc.).

Infection and inflammation significantly alter the plasma iron concentration.
The normal plasma iron concentration is 50-120 pg/dl “849)- The range for iron

deficiency is typically from 50— 60 pg/dl
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The amount of plasma iron can be easily measured by a number of ways that are
reliable, sensitive, reproducible, and require very small amounts of sample “849)
Determinations of plasma or serum iron are based on either colorimetric principles or
are made by direct measurement using an instrument such as an atomic absorption
spectrophotometer. These methods have been fundamentally unchanged for more than

two decades (4849

3.16.2 Transferrin, total iron binding capacity, transferrin saturation
Transferrin is a globular, specific transport protein for iron in the plasma pool, and
each molecule binds two molecules of iron with similar affinity. It is a carrier, which
delivers iron to the cells through the transferrin receptor pathway ©“® The
concentration of transferrin varies it increases during iron deficiency and decreases
with protein deficiency, so it is sensitive to several factors. The concentration of
transport protein will reflect iron status only when iron stores are worn out and the
plasma iron concentration is <40-60 pg/dl, so it does not diagnose iron deficiency
prior to ineffective erythropoiesis.

A proxy measure of transferrin is the measurement of the total iron binding capacity
(TIBC) which applies the assay for plasma iron with one additional step to measure
the iron saturation of transferrin. 7

TIBC is indirect measure of the circulating transferrin.
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Figure 19 : Serum iron, TIBC, UIBC
The concentration of transferrin is often estimated by measuring the total iron binding
capacity, it is susceptible to the same problems as measuring the serum iron
concentration.
The assay is really a measure of the total number of transferrin binding sites per unit
volume of serum or plasma and is performed much like the serum iron assay.
The TIBC is not subjective to rapid changes in concentration as the plasma iron
concentration, so it is more stable as an indicator of iron status than serum Iron. The
TIBC by itself is not often used as a measure of iron status because it appears not to
change until iron stores are depleted “®- Normal range of TIBC is 300-360mcg/dl.
Transferrin saturation reflects the current iron supply to the tissues.
Transferrin saturation is expressed as a percentage of serum iron by TIBC i.e serum
iron/TIBC x 100. Transferrin saturation (TSAT) of <15% is insufficient to meet
normal daily requirements for erythropoiesis “®- A prolonged period of time with a

TSAT below 15% results in iron-deficient erythropoiesis .
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The TSAT itself shows a very little variation either within subjects or from day to
day. Anything that alters the plasma iron concentration will alter the TSAT, thus there

is the same lack of specificity for TSAT as there is for plasma iron concentration.

3.16.3 Serum Ferritin

The important function of ferritin is to provide a store of iron which may be used for
haem synthesis when required. Iron uptake in vitro requires an oxidizing agent, and
iron release requires a reducing agent %

Body iron is primarily stored in the form of ferritin, which carries about 4000—4500
iron atoms. Serum ferritin concentration positively correlates with total body iron
levels if acute inflammation is absent. Its measurement specifically represents body

iron level.

The usefulness of serum ferritin as an iron marker in the management of anemia of
CKOD is currently the subject of debate. When evaluating iron status tests, consider the
following:

Serum ferritin is an acute-phase reactant %

A low serum ferritin level (<200 ng/mL in dialysis-dependent CKD [DD-CKD]
patients or <100 ng/mL in non-dialysis dependent CKD [NDD-CKD] patients) can be
a reliable iron deficiency indicator. %

Reduced levels of serum ferritin or transferrin saturation (TSAT) are present in most
patients with CKD. A normal or high serum ferritin will not rule out iron deficiency

or indicate adequate or excessive iron levels 0

Page 59



Recent updates to the National Comprehensive Cancer Network® (NCCN®)
Guidelines recognize the potential for iron deficient patients with CKD to present

with elevated serum ferritin levels.

3.17 Alternative and novel iron biomarkers

TSAT and serum ferritin are commonly used iron biomarkers, other tests may provide
more accurate assessments of iron status. These include reticulocyte hemoglobin
content (CHr), soluble transferrin receptor (sTfR) and percentage of hypochromic red

cells (PHRC).

CHr measures hemoglobin content of reticulocytes (newly formed red blood cells
(RBCs)). In a review article, Jay B. Wish explains that CHr provides a "snapshot of
how much iron was available for RBC production in a clinically relevant

timeframe."*3)

PHRC estimates the hemoglobin concentration rather than hemoglobin content in
erythrocytes. RBCs size and absolute amount of hemoglobin are taken into account as
well. The disadvantage in using this test is that erythrocytes tend to expand during
storage. Most of the hospitals store blood samples for a considerable time until they

are analyzed. ®®

The sTfR test is based on the principle that when there is insufficient iron for
erythropoiesis and it is being stimulated by an ESA, then increased transferrin
receptors will become expressed on the erythroblasts, which comes off partly and is

detectable in the circulation. “3
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Hepcidin

Hepcidin may be a novel biomarker of erythropoietin resistance and iron status, it
may contribute to abnormal iron regulation and erythropoiesis.

Even in the absence of anemia, it’s a sensitive indicator of iron deficiency. When
compared to hematocrit or hemoglobin, reduction in hepcidin is an early marker of
iron deficiency along with transferrin saturation and reduced ferritin."®%

But at present, the measurement of hepcidin is erratic and does not give any

diagnostic value over ferritin and other available iron studies." ¢

NGAL

Plasma neutrophil gelatinase-associated lipocalin (NGAL), a biomarker of acute
kidney injury has a potential use to assess iron status in CKD patients. Plasma NGAL
is independently associated with TSAT and is superior to serum ferritin in both

sensitivity and specificity in identifying an iron deficiency in CKD patients. %

3.18 According to KDIGO freqguency of testing for anemia is:

1. For CKD patients without anemia, measure Hb concentration: @
» at least annually in patients with CKD 3
> at least 6 monthly in patients with CKD 4-5
» at least once in 3 months in patients with CKD 5 hemodialysis and CKD 5

peritoneal dialysis.

2. For CKD patients with anemia not being treated with an ESA, measure Hb
concentration: (1)

> at least every 3 monthly in patients with CKD 3-5ND and CKD 5PD
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> at least monthly in patients with CKD 5HD

3. Measurement of Hemoglobin concentration in patients being treated with
ESA. O
> During the initiation phase of ESA therapy, measure Hb concentration at least
monthly.
» For CKD ND (non dialysis) patients, during the maintenance phase of ESA
therapy measure Hb concentration at least every 3 months.
» For CKD 5D patients, during the maintenance phase of ESA therapy measure

Hb concentration at least monthly.

3.19 Investigations for anemia

In patients with CKD and anemia (regardless of age and CKD stage), the following
tests are recommended by KDIGO for initial evaluation of the anemia: )

» Complete blood count (CBC), which should include Hb concentration, red cell
indices, white blood cell count and differential, and platelet count
Absolute reticulocyte count
Serum ferritin level

Serum transferrin saturation (TSAT)

Y VWV VYV V¥V

Serum vitamin B12 and folate levels

3.20 Treatment Of Iron Deficiency Anemia

While on treatment with iron therapy, a balance of potential benefits (avoiding or

minimizing ESA therapy, blood transfusions, and anemia related symptoms) versus
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the risks of harm in individual patients. (e.g., anaphylactoid and other acute reactions,

unknown long-term risks) and exclusion of active infection. (¥

1. When the patient isn’t on any ESA or iron therapy, a 1-3 month trial of IV iron
(CKD dialysis) or oral iron therapy(CKD - ND) is recommended. An increase in
Hb concentration without starting ESA treatment, TSAT is <30% and ferritin is

<500 ng/ml is desired.

2. CKD patients already on ESA therapy not receiving iron supplementation, a 1-3
month trial of IV iron (CKD dialysis) or oral iron therapy (CKD - ND) is
recommended.

Again an increase in Hb concentration or a decrease in ESA dose is desired along

with TSAT of <30% and ferritin of <500 ng/ml.

3. CKD patients not on dialysis who require iron supplementation route of iron
administration are selected based on the severity of iron deficiency anemia, prior
response to oral iron therapy, availability of venous access, patient compliance,

cost, and side effects with prior oral or IV iron therapy.

Subsequent iron administration in CKD patients is based on Hb responses to recent
iron therapy, ongoing blood losses, TSAT, serum ferritin, Hb concentration, ESA

responsiveness and dose in ESA treated patients and the patient’s clinical status.

Iron monitoring monthly is advised initially until iron stores are replenished, then

monitored quarterly.
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Despite its benefits, ESA therapy is associated with an increased risk of adverse
effects such as hypertension, RBC aplasia, cardiovascular (CV) complications, and

development of anti-erythropoietin antibodies.

IV iron as an adjunct to ESA therapy has become standard treatment for optimizing

Hb status and reducing ESA dosing requirements.

A reduction of 70% in ESA dosage has been noted in patients receiving IV iron. ¢4

55).

Despite that, iron underutilization has been reported in anemic CKD patients
receiving ESA therapy ®®- IV supplementation is preferred in HD-dependent patients

as they have limited absorption of oral iron. 7
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Figure 20 — IV iron supplementation
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Figure 21 — patient receiving IV iron preparation

Figure 22 — erythropoietin stimulating agents - Darbepoetin
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Figure 23 — patient receiving ESAs - darbepoetin
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4. MATERIAL AND METHODS:

4.1 Source Of Data:

The study included 70 CKD patients who presented to RLJ Hospital Kolar attached to

SDUAHER during February 2017 - may 2018.

4.2 Inclusion Criteria:

Patients aged 18 years and above who met the definition criteria of CKD were

included in the study.

4.3 Exclusion Criteria:

Clinical evidence of infection
Previous history of blood transfusion
Pregnant women

Acute kidney injury.

Severely moribund patients.

vV V VvV VvV V V

Clinical evidence of liver disease.

4.4 Methods:

Patients were only included in this study after giving verbal and written consent.
Patient confidentiality was maintained. And were informed about the study,
procedures involved, relative risks, and benefits of the study.

A detailed history from the study participants was taken. A meticulous examination

was done. Physical examinations were conducted in privacy and whenever needed in
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presence of a nurse, those who declined to consent received medical attention and
advice. Patients who were found to be iron deficient received appropriate treatment
and dietary advice were given and were referred to a nephrologist for further care if

required.

4.5 Sampling Procedure

Nephrology division at R.L.Jalappa hospital offers clinical expertise for management
of CKD patients and renal replacement therapy in form of hemodialysis to patients
attending OPD and who are admitted in wards. Nephrology OPD operated clinic
every Thursday per week. On an average 10-15 patients attend the nephrology unit
per week, of those at least 2-5 patients had CKD.

Consecutive recruitment (total enumerative sampling) of study participants was
used. Investigator attended nephrology clinic and wards on respective days targeting

to recruit sampled CKD patients per day because of small CKD patient population.

4.6 Specimen Collection And Processing

Blood specimen 10ml was collected from a peripheral vein (antecubital
venipuncture). The area was cleaned with methylated spirit and allowed to dry. A
tourniquet was applied a few centimeters above the antecubital fossa to distend veins.
Blood was taken using a sterilized 10 ml syringe and 21 G needle. The blood sample
was transferred into a plain bottle and allowed to stand for about 30 minutes to clot
and then centrifuged at 4000rpm for 10 min. The serum was separated and transferred
into a Bijou (sample) bottle. The specimen that would not be assayed within 24hours
due to logistic problems was frozen at -200C until time for analysis.

The following laboratory tests were done:
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1. Serum creatinine

2. Blood urea
3. CBC
4. LFT

5. SERUM IRON INDICES. ( Serum iron, Serum Ferritin, transferrin
saturation(TSAT), TIBC
6. USG KUB

7. Urine routine

Serum iron indices i.e. especially Ferritin and transferrin saturation (TSAT) were

estimated amongst these patients.

4.7 Analytical Methods

1. Measurement of Serum lron

The iron is dissociated from the transferring-iron complex in a weakly acid medium.
Iron Liberated is reduced into the bivalent form by means of an ascorbic acid. Ferrous
with ferrozine give a colored complex. The intensity of the color, measured at 562nm,

is directly proportional to the iron concentration in the sample.

2. Measurement of Serum Total Iron Binding capacity (TIBC)

Serum transferrin is saturated with an excess of Fe3+ and the unbound portion is
precipitated with magnesium carbonate. The total amount of iron is then determined.
Unsaturated iron-binding capacity is a difference in total iron binding capacity (TIBC)

and serum iron.
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Figure 24 — Estimation of serum iron and TIBC

3. Measurement of Serum Ferritin

The assay system utilizes one anti-ferritin antibody for solid phase enzyme (microtiter
wells) immobilization and another mouse monoclonal anti-ferritin antibody in the
antibody-enzyme (horseradish peroxidase) conjugate solution. At the same time, the
sample is allowed to react with the antibodies which result in the ferritin being
sandwiched between the solid phase and enzyme-linked antibodies. The color is
yellow, which is measured spectrophotometrically at 450 nm. The intensity of the

color in the test sample gives the concentration of ferritin.
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Figure 25 — Estimation of serum Ferritin.

4. TSAT

TSAT =serum iron ~ TIBC x 100

5. Creatinine
Creatinine in alkaline medium reacts with picric acid (jaffes reaction), to give a red
color (creatinine picrate), whose intensity is measured using spectrophotometry at

520nm.

For reliable test results, regardless of the assay:
 Contamination with iron from needles and plastic-ware was prevented during the
collection of the samples.
* Blood sampling protocols were standardized to avoid post-prandial effects.
* Appropriate laboratory techniques were used to minimize contamination with iron

from equipment and the environment;
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* A high level of competency was required to ensure good laboratory practices and

reproducible results.

Total Percentage of patients having iron deficiency was determined.

Further, the percentage of patients having functional, absolute iron deficiency and

normal stores was estimated.

4.8 Study Design:

It is an observational Prospective study, in which 70 patients were included.

4.9 Sample size:

The minimum sample size using the formula was calculated.
N = Z?P(1-P) / d?
N = Minimum sample size
Z = standard normal deviate corresponding to two sided
specified significant level will be 2.58(at 99% confidence
interval)
D=margin of error (precision) will be 15 %(0.15)
P=proportional of patients

Considering 10% non response a sample size of 60+10=70

4.10 Statistical analysis:

All gquestionnaires were checked daily for completeness by the investigator and pre-

coded data were entered into the computer.
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Data were entered into Microsoft excel data sheet and was analyzed using SPSS 22
version software. Frequencies and proportions were represented in the form of
Categorical data. Chi-square test was used for the test of significance for qualitative
data. Mean and the standard deviation was represented as continuous data. ANOVA
(Analysis of Variance) was the test of significance to identify the mean difference
between more than two groups for quantitative data.

Graphical representation of data: MS Excel and MS Word were used to obtain various

types of graphs such as bar diagram, Pie diagram.

p-value (Probability that the result is true) of <0.05 was considered statistically
significant after assuming all the rules of statistical tests.
Statistical software: MS Excel, SPSS version 22 (IBM SPSS Statistics, Somers NY,

USA) was used to analyze data. 8%V
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5. RESULTS

Table 2: CKD Stages in the study

Count %
Stage 1 5 7.1%
Stage 2 2 2.9%
Stage Stage 3 11 15.7%
Stage 4 28 40.0%
Stage 5 24 34.3%

In our study, 7.1% had Stage 1 CKD, 2.9% had Stage 2 CKD, 15.7% had Stage 3

CKD, 40% had Stage 4 CKD and 34.3% had Stage 5 or ESKD.

Stage of CKD
45%
40.00%
40%
35% 34.30%
30%
25%
20%
15.70%

15%

10%

7.10%

Stage 1

5% -:. 2.90%
0% L T

Stage 2

Stage 3

Stage 4

Stage 5

Graph 1: Bar diagram showing CKD Stages in the study
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Table 3: Age distribution in the study

Count %
<25 years 3 4.3%
26 to 35 years 9 12.9%
36 to 45 years 13 18.6%
Age
46 to 55 years 16 22.9%
56 to 65 years 22 31.4%
>65 years 7 10.0%

In this study, 4.3% were in the age group of <25 years, 12.9% were in the age group

of 26 to 35 years, 18.6% were in the age group of 36 to 45 years, 22.9% were in the

age group of 46 to 55 years, 31.4% were in the age group of 56 to 65 years and 10%

were in the age group of >65 years.

Age distribution
35%
31.40%
30%
25% 22.90%
20% 18.60%
15% 12:96%
10.00%

10%

506 4.30%

0% . T T T T T

<25years 26 to 35 years 36 to 45 years 46 to 55 years 56 to 65 years >65 years

Graph 2: Bar diagram showing Age distribution in the study
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Table 4: Sex distribution in the study

Count %
Female 16 22.9%
Sex
Male 54 77.1%

In our study, 77.1% were males and 22.9% were females.

Sex

®m Female
= Male

Graph 3: Pie diagram showing Sex distribution in the study
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Table 5: Comorbidities amongst the subjects

Count %
No 16 22.9%
T2DM
Yes 54 77.1%
No 30 42.9%
Hypertension
Yes 40 57.1%

In the study 77.1% had Diabetes and 57.1% had HTN.

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Comorbidities

77.10%

T2DM

57.10%

Hypertension

Graph 4: Bar diagram showing comorbidities amongst the subjects
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Table 6: Duration of CKD among subjects

Count %
<1 year 21 30.0%
CKD in years 1to 5 years 44 62.9%
>5 years 5 7.1%

In the study 30% had CKD for <1 year, 62.9% had CKD for 1 to 5 years and 7.1%

had CKD for >5 years.

CKD in years

m <] year
m1to 5 years
= >5 years

Graph 5: Pie diagram showing Duration of CKD among subjects
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Table 7: BMI distribution among subjects

Count %
Underweight 11 15.7%
BMI Normal 45 64.3%
Overweight 14 20.0%

In the study 15.7% were underweight, 64.3% had Normal BMI and 20% were

overweight.

BMI

m Underweight
= Normal
= Overweight

Graph 6: Pie diagram showing BMI distribution among subjects
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Table 8: Hb, Urea, Creatinine and Iron Indices distribution amongst the

subjects

Mean SD Minimum | Maximum | Median

Hb 9.36 2.53 4.60 14.50 8.90

Blood Urea 77.01 34.60 16.00 198.00 76.00

Serum Creatinine 3.37 1.53 .60 7.90 3.55

S. Iron 64.40 29.10 12.00 150.00 67.00
TIBC 309.36 43.29 254.00 421.00 299.50
S. Ferritin 142.02 71.38 13.00 345.00 124.00
Transferrin saturation | 21.23 9.54 3.18 49.67 21.93

In the study mean Hb was 9.36 + 2.53 gm%, mean blood urea was 77.01 + 34.60,
mean Serum Creatinine was 3.37 + 1.53 mg/dl, mean Serum Iron was 64.40 + 29.10,
mean TIBC was 309.36 + 43.29, mean Serum Ferritin was 142.02 + 71.38 and mean

Transferrin saturation was 21.23 + 9.54.
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Table 9: USG KUB findings among subjects

Count %
Normal 7 10.0%
Grade 1 MRD 6 8.6%
USG KUB Grade 2 MRD 7 10.0%
Grade 3 MRD 45 64.3%
Grade 4 MRD 5 7.1%

In the study 10% were normal, 8.6% had Grade 1 MRD, 10% had Grade 2 MRD,

64.3% had Grade 3 MRD and 7.1% had Grade 4 MRD.

USG KUB

70%

60%

64.30%

50%

40%

30%

20%

10%

7.10%

0%
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I

Grade 1 MRD Grade2 MRD Grade 3 MRD

Grade 4 MRD

Graph 7: Bar diagram showing USG KUB findings among subjects
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Table 10: Iron Status amongst the subjects

Count %
Absolute iron deficiency 09 12.8%
Iron status
Functional iron deficiency 23 32.85%
Normal iron status 38 54.2%

In the study 12.8% had an absolute iron deficiency, 32.85% had a functional iron

deficiency and 54.2% had normal iron status.

Iron status

B Absolute iron deficiency =~ B Functional Iron deficiency = EInormal iron status

Graph 8: Pie diagram showing Iron Status amongst the subjects
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Table 11: Proteinuria amongst the subjects

Count %
Nil 14 20.0%
1+ 20 28.6%
Urine Protein 24 25 35.7%
3+ 10 14.3%
4+ 1 1.4%

In the study 20% had no protein in urine, 28.6% had 1+ Proteinuria, 35.7% had 2+

Proteinuria, 14.3% had 3+ Proteinuria and 1.4% had 4+ Proteinuria.

Urine Protein

40%
35.70%

35%

30% 28.60%
14.30%

25%
20.00%

20% -
15% -
10% -

0 _

5% 1.40%

0% — T T T __l

Nil 1+ 2+ 3+ 4+

Graph 9: Bar diagram showing the degree of Proteinuria in the study
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Table 12: LFT findings in the study

Mean SD

Total Bilirubin 0.60 0.32
Direct Bilirubin 0.09 0.07
AST 28.06 9.89
ALT 43.39 12.94
Alkaline Phosphatase 75.99 28.07
Total Protein 6.85 0.43
Albumin 3.97 0.35
Globulin 2.88 0.61
Albumin Globulin Ratio 1.48 0.49
GGT 63.00 17.30

In the study mean Total Bilirubin was 0.60 + 0.32,
Mean Direct bilirubin was 0.09 £ 0.07,

Mean AST was 28.06 *+ 9.89

Mean ALT was 43.39 + 12.94

Mean Alkaline Phosphatase was 75.99 + 28.07
Mean Total Protein was 6.85 + 0.43

Mean Albumin was 3.97 + 0.35

Mean Globulin was 2.88 + 0.61

Mean Albumin Globulin Ratio was 1.48 + 0.49

Mean GGT was 63.00 £ 17.30
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Table 13: eGER in comparison to CKD Stage

e GFR
P value
Mean SD
Stage 1 117.16 21.97
Stage 2 76.39 15.81
Stage Stage 3 40.62 5.23 <0.001*
Stage 4 20.86 4.80
Stage 5 13.17 2.63

In the study mean eGFR in stage 1 was 117.16 + 21.97, in Stage 2 was 76.39 £ 15.81,
in Stage 3 was 40.62 = 5.23, in Stage 4 was 20.86 + 4.80 and in Stage 5 was 13.17 +
2.63. There was a significant difference in mean eGFR with the stage of CKD. With

the increase in Stage of CKD, there was a decrease in eGFR.

eGFR

140
120 117.16
100 - \ZQ
80 _ -39
60 -

M\
40 -

I \28%
20 - . 13.17

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Graph 10: Bar diagram showing eGFR comparison with respect to Stage of

CKD
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Table 14: Serum Iron comparison with respect to Stage of CKD

S. Iron
P value

Mean SD
Stage 1 72.40 9.32
Stage 2 70.00 .00

Stage Stage 3 70.73 25.45 0.867

Stage 4 61.79 33.47
Stage 5 62.42 29.67

In the study, there was no significant difference in mean Serum Iron with respect to

stage of CKD.
Serum Iron
“ 724
72 70.73
70
70
68
66
64
62.42
61.79
62
60
58
56 T T T
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Graph 11: Bar diagram showing Serum Iron comparison with respect to Stage of

CKD
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Table 15: TIBC comparison with respect to Stage of CKD

TIBC
P value
Mean SD
Stage 1 280.00 17.96
Stage 2 291.00 15.56
Stage Stage 3 289.55 25.21 0.155
Stage 4 316.50 49.17
Stage 5 317.75 43.60

In the study there was no significant difference in mean TIBC with respect to stage of

CKD.

330

TIBC

320

310

300

290

291

280 -

270 -

260 -

280

Stage 1

Stage 2

Stage 3

Stage 4

Stage 5

Graph 12: Bar diagram showing TIBC comparison with respect to Stage of CKD
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Table 16: Serum Ferritin comparison with respect to Stage of CKD

S. Ferritin
P value
Mean SD
Stage 1 114.40 34.53
Stage 2 46.50 212
Stage Stage 3 151.18 63.07 0.002*
Stage 4 128.14 69.11
Stage 5 167.75 76.28

In the study mean Serum Ferritin in stage 1 was 114.40 £ 34.53, in Stage 2 was
46.50 £ 2.12, in Stage 3 was 151.18 + 63.07, in Stage 4 was 128.14 £ 69.11 and in
Stage 5 was 167.75 £ 76.28. There was a significant difference in mean Serum

Ferritin with the stage of CKD.

S. Ferritin
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Graph 13: Bar diagram showing Serum Ferritin comparison with respect to

Stage of CKD
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Table 17: Serum Transferrin saturation comparison with respect to Stage

of CKD
Transferrin saturation
P value
Mean SD
Stage 1 25.89 3.16
Stage 2 24.09 1.29
Stage Stage 3 24.20 7.47 0.525
Stage 4 19.87 10.63
Stage 5 20.24 10.08

In the study there was no significant difference in mean Transferrin saturation with

respect to stage of CKD.
Transferrin saturation
30
25.89
o5 24.09 24.2
19.87 20.24
20
15
10
5
0 . . .
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Graph 14: Bar diagram showing Serum Transferrin saturation comparison with

respect to Stage of CKD
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Graph 15: Line diagram showing correlation between TIBC and TSAT

In the study, there was a negative correlation between the TSAT and TIBC. As the

TIBC increased, TSAT decreased
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Graph 16: Line diagram showing correlation between Serum Iron and TSAT

There was a positive correlation between the TSAT and Serum Iron. Both Serum Iron

and TSAT decreased in the study.
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Table 18: Etiology of CKD

Etiological factors Count %
Hypertensive nephropathy 14 20%
Diabetic nephropathy 44 62.86%
Adult polycystic kidney disease 2 2.86%
Obstructive Uropathy 4 5.71%
Chronic Glomerulonephritis 2 2.86%
Others 4 5.71%

In the study 20% had Hypertensive nephropathy, 62.86% had Diabetic nephropathy,

2.86% had Adult polycystic kidney disease, 5.71% had Obstructive Uropathy, 2.86%

had Chronic Glomerulonephritis and 5.71% had others.
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Graph 17: Bar diagram showing Etiology of CKD
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Table 19: Management of CKD

Management Count %

Conservative 53 75.71%

Hemodialysis 16 22 86%
Kidney transplant 1 1.43%

In the study, 75.71% were managed conservatively, 22.86% by hemodialysis and

1.43% by the Kidney transplant.

CKD Management

1.43%

m Conservative
m Haemodialysis
= Kidney transplant

Graph 18: Pie diagram showing Management of CKD
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Table 20: Association between Iron status and Stage of CKD

Iron status

Absolute deficiency

TSAT< 20%, Ferritin

Functional

deficiency

Ferritin>100ng/

Normal Iron Status

<100ng/mi
ml TSAT<20%
Count % Count % Count %
Stage 1 0 0.0% 0 0.0% 5 100.0%
Stage 2 0 0.0% 0 0.0% 2 100.0%
Stage | Stage 3 0 0.0% 3 27.3% 8 72.7%
Stage 4 7 25% 10 35.7% 11 39.2%
Stage 5 2 8.3% 10 41.7% 12 50.0%

%2 =20.097, df =8, p=0.01*

In the study in stage 1 and Stage 2 CKD, 100% had normal iron status, in stage 3,

27.3% had Functional deficiency and 72.7% had normal iron status, in stage 4, 25%

had Absolute deficiency, 35.7% had Functional deficiency and 39.2% had normal

iron status and in stage 5, 8.3% had absolute deficiency, 41.7% had Functional

deficiency and 50% had normal iron status. There was a significant association

between sage 1 and Iron status.
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Graph 19: Bar diagram showing Association between Iron status and Stage of

CKD

Page 94



Table 21: Association between Grade of Anemia and Stage of CKD

Anemia
Severe Moderate Mild Normal Total
Count % Count % Count % Count % Count %
Stage
0 0.0% 0 0.0% 1 20.0% 4 80.0% 5 7.1%
1
Stage
0 0.0% 0 0.0% 1 50.0% 1 50.0% 2 2.9%
2
Stage
Stage 0 0.0% 5 45.5% 1 9.1% 5 455% | 11 15.7%
3
Stage
5 179% | 22 | 78.6% 0 0.0% 1 3.6% 28 | 40.0%
4
Stage
8 33.3% | 14 |58.3% 1 4.2% 1 4.2% 24 | 34.3%
5

%2 =46.36, df = 12, p <0.001*

In the study in stage 1 CKD, 20% had mild anemia, in Stage 2 CKD, 50% had mild

anemia, in Stage 3 45.5% had moderate, 9.1% had mild anemia, in Stage 4, 17.9%

had severe, 78.6% had moderate anemia and in stage 5, 33.3% had severe, 58.3%

had moderate and 4.2% had mild anemia. There was a significant association

between the grade of anemia and stage of CKD.
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Graph 20: Bar diagram showing Association between Grade of Anemia and

Stage of CKD
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Table 22: Association between Anemia and Stage of CKD

Anemia

Anemia No Anemia

Count % Count %
Stage 1 1 20.0% 4 80.0%
Stage 2 1 50.0% 1 50.0%

Stage Stage 3 6 54.5% 5 45.5%

Stage 4 27 96.4% 1 3.6%
Stage 5 23 95.8% 1 4.2%

v 2=28.11, df = 4, p <0.001*

In Stage 1, 20% had anemia, in Stage 2 - 50% had anemia, in stage 3 — 54.5% had

anemia, in Stage 4 — 96.4% had anemia and in Stage 5 — 95.8% had anemia. There

was a significant association between stage of CKD and Anemia.
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Graph 21: Bar diagram showing Association between Anemia and Stage of CKD
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6. DISCUSSION

In this study, we evaluated iron status among CKD patients and estimated the
percentage of patients having functional versus absolute iron deficiency.

A male (77.1%) predominance over females (22.9%) with CKD was seen in our
study, which is similar to the work of Weeratunga P et al. ¢

This explains the role of sex hormones in the pathogenesis of kidney injury.
Testosterone induces podocyte apoptosis leading to glomerulosclerosis) and TGF-p1
expression (which causes tissue fibrosis), while estradiol inhibits these processes. 2
The average age of patients in this study was 50 years with most them between 55-65
years, which is similar to the age published in the center for disease control and
prevention 2016. 64

CKD diagnosis was made according to KDIGO guidelines. Duration of CKD in our
study, patients with CKD for <1 year were 30%, 62.9% had CKD for 1 to 5 years and
7.1% had CKD for >5 years. Structural damage was assessed using ultrasound KUB
to see corticomedullary distortion and kidney size and functional damage were
assessed by proteinuria.

In our study 20% had no protein in urine, 28.6% had 30-100 mg/dL Proteinuria,
35.7% had 100-300 mg/dL of Proteinuria, 14.3% had 300-1000 mg/dL of Proteinuria
and 1.4% had > 1000mg/dL of Proteinuria.

The mean systolic (146.14 +/- 22.08) and diastolic (88.57 +/- 13.32) blood pressures
were on the higher side. This is not unexpected as hypertension is a common cause of
CKD and CKD also causes secondary hypertension. The presence of hypertension
could accelerate CKD progression. Hypertension leads to high intra-glomerular

pressure, which impairs the glomerular filtration and thus damages glomeruli leading
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to an increase in protein filtration. Microalbuminuria often is the first sign of CKD.
(65)

In the study 15.7% were underweight, 64.3% had Normal BMI and 20% were
overweight. Dry weight for patients on ESRD was taken to measure BMI. Uremic
state in ESRD and malnutrition impedes weight gain.

Obese and overweight were at a higher risk of developing advanced CKD than lean
weight adults. ©©

The mean S.Cr and estimated creatinine clearance (using MDRD) for estimation of
GFR among CKD patients in our study was in accordance with study done by B
Kumar et al, which showed Creatinine-based GFR estimation is more exact
estimation of 24 hour creatinine clearance and kidney function than measuring serum
creatinine alone. 67

In our study high mean creatinine levels may reflect the late presentation of the
majority of CKD patients. Percentage of patients who presented in CKD stage 4 and 5
were 74.2%. Because of many challenges in access to care, more than 50% of patients

with advanced CKD are first seen when the eGFR is <15 ml/min per 1.73 m2.

The correlation between the stages of CKD and serum creatinine was statistically
significant in all the stages of CKD. As CKD progresses so does serum creatinine.

In our study, 62.86% had Diabetic nephropathy which was most common ©®
followed by Hypertensive nephropathy(20%) due to growing prevalence of T2DM
and hypertension, Adult polycystic kidney disease, Obstructive Uropathy, and
Chronic Glomerulonephritis were among the other causes.

Many patients with diabetic nephropathy in this study were managed at local clinics

and referred only when they developed overt renal impairment. Therefore the low
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frequency of diabetic nephropathy may merely reflect the tip of an iceberg of the true

prevalence of diabetic nephropathy in this population.

In our study, 75.71% were managed conservatively, 22.86% by hemodialysis and
1.43% by a Kidney transplant.

Many patients with advanced CKD were managed conservatively because they were
unaffordable for renal replacement therapy (RRT). In our center, only 1 patient had a
kidney transplant.

This trend is similar to findings in other studies from other developing world showing
that most cases of CKD present in advanced stages and cannot afford the cost of renal
replacement therapy.

In our study, an overall prevalence of anemia was 82.8% with increased prevalence in
stage 4 and 5. mild anemia was seen in CKD stage 1-5, moderate in Stage 3-5, and
severe in stage 4-5.

This correlates to findings of a study, which stated that the prevalence of anemia
increases with stage of CKD. €9

Anemia in CKD is usually evident when a patient’s creatinine clearance is <30
ml/min/1.73 m3 or serum creatinine (S Cr) is more than 3 mg/dl. (66,67,68)

Mild anemia in advanced disease can be explained by ongoing treatment with ESA,
transfusions and iron therapy (according to KDIGO guidelines which states that
irrespective of ESA treatment I1\VV/oral therapy should be given).

Iron estimation and regular monitoring are important in the management of anemia of

CKD patients.
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In our study mean Hb was 9.36 + 2.53 gm%. Hemoglobin is an important marker of
iron status, and it also assesses how the tissue iron is mobilized to target cells and
utilized for heme synthesis. ¥

Serum iron, TIBC, and ferritin are regularly estimated as it comes in iron profile done
in this hospital, though estimation of tissue ferritin and transferrin is rare.

The range of serum iron levels in all the CKD patients in our study was 12-150
po/dL.

This may also be because CKD patients were on the iron supplement as part of their
treatment protocol as recommended by KDOQI guidelines.

As CKD stage advanced serum iron and TSAT values decreased, which was similar
to the work of Gangadhar et al, (2010) in India on the predictive value of iron store
markers in anemia of CKD in 207 patients. Y Except for TIBC that was higher in our
study and it increased with the stage of CKD.

This above findings suggests that as the CKD advances the incidence of iron
deficiency increases (decreased iron & TSAT with increasing TIBC)

TSAT is a value of serum iron divided by the total iron-binding capacity.

A positive correlation between iron and TSAT was observed. TSAT is an indicator of
circulating iron and the positive correlation with serum iron reflects that once the
circulating iron levels increases there is also increase in the binding of iron to
transferrin proportionately .

There was, however, a negative correlation between TIBC and TSAT. With
decreasing TSAT, TIBC increases.

Ferritin is an acute phase reactant, its level is elevated in acute and chronic
inflammatory states, independent of iron status. Therefore any clinical evidence of

infection and liver disease was excluded in the study.
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High ferritin level implicates iron overload, leading to oxidative stress. High risk of
Cerebro-/cardio-vascular diseases, infection, and mortality in hemodialysis patients is
seen with elevated ferritin levels. 27

The mean ferritin levels among all CKD stages were relatively adequate expect for
stage 2 which may be due to low sample size in the group.

This indicates that majority had adequate iron stores but there was insufficient
mobilization from the stores suggesting higher prevalence of FID rather than AID.
Estimation of hemoglobin and ferritin alone does not give a complete picture of the
iron status, which supports many of previous studies.

International treatment guidelines generally recommend that IV iron is to be
discontinued when serum ferritin is greater than 500-1000 ng/ml to avoid iron
overload. ™

Patients were diagnosed to have a functional deficiency if the Ferritin value >100 and
transferrin saturation (TSAT) value<20.

And absolute iron deficiency will be diagnosed based on the Ferritin <100 and TSAT
<20.

Amongst the 82.8% of anemic CKD patients in our study, 47.1% had iron deficiency.
The patients who had absolute iron deficiency were only 12.8% indicating more
prevalence of Functional Iron Deficiency (32.85%), who have high serum ferritin
levels. Kopelman et al showed that FID associated with elevated ferritin levels in
dialysis patients, and there was a significant improvement in FID status with IV iron
supplementation. Positive association with serum iron, serum ferritin, and tissue iron

reflects that the availability of sufficient iron bound to transferrin. (')
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/. SUMMARY

The findings in this study include the following

e As CKD advances, incidence of anemia increased, amongst the early stage
11.4%, stage 4 96.4% and stage 5 95.8%.

e Prevalence of anemia among CKD patients is 82.8% and showed a high
prevalence of iron deficiency anemia (47.1% had iron deficiency).

e Among 47.1% iron deficient patients, 12.8% had absolute iron deficiency and
32.85 %of patients had functional iron deficiency.

e An increased prevalence of Functional iron deficiency anemia was noted than
absolute IDA with normal or high ferritin levels.

e As stage advanced Serum iron and TSAT decreased with increasing TIBC
suggesting increasing prevalence of iron deficiency anemia as CKD progresses.

e Mean ferritin values were relatively adequate among various stages suggesting
that anemia was due to inadequate mobilization from the iron stores.

e A positive correlation seen between TSAT and serum iron, On the other hand a
negative correlation is observed between TSAT and TIBC.

e The leading causes of CKD were diabetic nephropathy followed by hypertensive
nephropathy and others.

e The mean age of CKD patients was found to be 50 years in Kolar, India.

e A male preponderance was observed in the CKD population.

e Stage 4 and 5 CKD patients were 74.2%.

e Many patients with CKD had high blood pressure levels and body mass index

suggesting poor control.
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8. CONCLUSIONS

. In the vast majority of patients, this study implies anemia due to inadequate
endogenous EPO production(normal iron status) and defective iron supply for

erythropoiesis(functional iron deficiency).

These observations may have clinical implication as in most instances
intravenous iron, combined in selected cases with subcutaneous recombinant
human ESAs would represent a rational therapeutic approach to these anemic

CKD patients.

. An early management of anemia is needed in CKD patients as anemia leads to

CKD progression and CVD in these patients.

. ESAs are the main treatment of anemia of CKD and for this adequate iron stores
are necessary to permit an optimal response. A reduction of 70% in ESA dosage

has been noted in patients receiving IV iron.

. An Iron study is important to know the types of iron deficiency, as FID will need

IV iron supplement compared to the AID, which needs oral iron.

. Target blood pressure of <130/80 should be achieved as recommended by

KDOQI, ISN guidelines in all CKD patients.

. At last the study supports current KDOQI recommendation of routine assessment
of iron status in all the patients of CKD with anemia. This not only avoids the in
advert use of ESA which has its own complications as outlined above but also to

avoid iron overload in patients with adequate iron stores.
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9. LIMITATIONS

The study had certain limitations.

> Relatively small sample size

» We were not able to investigate the other etiologies of anemia in this observed
population due to the high cost of investigations (The study could have
learned more by investigating vitamin B12, folate, erythropoietin levels)

» The use of novel iron biomarkers like reticulocyte hemoglobin content (CHr),
soluble transferrin receptor (STfR), the percentage of hypochromic red cells
(PHRC), serum hepcidin and NGAL were not used to estimate iron indices.

» The study population was in advanced CKD stages, which might have

overestimated the prevalence of anemia among the CKD study population.
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INFORMED CONSENT FORM

SERUM IRON INDICES IN PATIENTS WITH CHRONIC KIDNEY

DISEASE.

STUDY NUMBER:

SUBJECT’S NAME: HOSPITAL NUMBER:

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

participate in this study.

You can withdraw from the study any time and this won’t change your future

care.

I the patient/patient’s attender have read or have been read to us and understood the
purpose of the study, the risk and benefits associated with my involvement in the
study and the information which will be collected and disclosed during the study. |
have had the opportunity to ask questions regarding this study and my questions were

answered to my satisfaction. I, the undersigned agree to participate in this study and
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authorize the collection and disclosure of my personal information for dissertation and

publication only.

Signature/thumb impression of the patient: Date:
Name and signature of the witness: Date:
Name and signature of the person obtaining consen Date:

Page 116



PROFORMA FOR DATA COLLECTION

NAME: IP NO:

AGE:

SEX:

ADDRESS:

OCCUPATION:

DETAILED HISTORY:

ANTHROPOMETRIC MEASUREMENT:

HEIGHT:

WEIGHT:

BODY MASS INDEX:

HIP WAIST RATIO:

GENERAL PHYSICAL EXAMINATION:

PULSE:

BLOOD PRESSURE:
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SYSTEMIC EXAMINATION:

CARDIOVASCULAR EXAMINATION:

RESPIRATORY EXAMINATION:

PER ABDOMINAL EXAMINATION:

CENTRAL NERVOUS SYSTEM EXAMINATION:

LABORATORY DATA:

1.CBC

2.RFT

3.SERUM IRON INDICES .(Serum iron,Serum Ferritin, transferrin

saturation(TSAT)
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4.eGFR calculation by using modification of diet in renal disease(MDRD)

formula

eGFR (mL/min/1.73m2)= 175 x [SerumCreatinine(umol/L) x 0.0113]-1.154 x

Age(years)-0.203 (x 0.742 if female)

5.USG KUB

6.Urine routine
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KEY TO MASTER CHART

AJG ratio — albumin globulin ratio
AID — absolute iron deficiency
Alb —albumin

ALP — alkaline phosphatase

ALT — alanine transaminase

AST — aspartate transaminase

BP — blood pressure

BMI - body mass index

DB — direct bilirubin

eGFR — estimated GFR

ESRD — end stage renal disease

F - Female

FID — functional iron deficiency
GGT — gamma glutamyl transferase
Glo — globulin

H.No - Hospital Number

Hb — hemoglobin

M - Male

MRD — medico renal disease

NIS — normal iron stores

SI.No - Serial Number

T2DM - type 2 diabetes mellitus
TB- total bilirubin

TIBC — transferrin iron binding capacity
TP — total protein

USG - Ultrasonography
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1 403747 (61 | M 5 Yes | no [1.62 | 65 | 24.76756592 | 0.6 | 86 | 160/100 | 8.6 78 3 63 300 155 21 NIS | Grade 3 MRD | 2+ | 22. 76108551 4 01/0.1|24 34| 79 |7.1|3.7|3.4
[ 2 | 185294 |45 | M 3 Yes |yes [1.58 | 70 | 28.04037814 | 1.1 | 76 | 180/110| 6.5 56 5 36 325 243 11.07692308 |FID |Grade 3 MRD | 3+ | 1342762888 |ESRD |03 |0.1[56 (44 | 88 |7.2 42| 3
[ 3 | 592472 |48 | M 2 Yes| no [1.77 | 62 | 19.78997095 | 0.5 | 78 140/90 |10.4 | 96 1.9 70 265 168 26.41509434 | NIS | Grade 3 MRD | nil | 40.4798811 3 05/01]34 37 | 98 |6.8|3.8] 3
[ 4 | 530846 |63 | ™M 7 Yes|yes[1.76 | 66 | 21.30681818 |0.95 | 92 | 190/90 | 7.9 | 76 | 2.4 |38.5437 | 289 157 13.33692042 | FID [ Grade 3 MRD | 1+ | 29.25384463 | 4 [0.7| 0 [23 |54 [100[6.a[a.3|2.1
5 | 535080 |45 | M 2 no |yes [1.82 |58 | 17.50996256 | 0.5 |99 | 1707110 9.8 | 68 | 3.2 55 |320 234 17.1875 | FID |Grade 3 MRD | 1+ | 22.4733409 | 4 [0.2] 0 |34 |26 [111]6.5[4.a]22
6 509091 |60 | M 2 Yes| no [1.76 | 49 | 15.81869835 | 0.4 | 89 | 220/130 | 8.4 69 2.9 a4 288 354 15.27777778 |FID |Grade 3 MRD | 2+ | 23.74875578 4 0.6[0.1]14 |34 | 43 |6.6|3.6| 3
7 602429 50| M 2 Yes |yes |1.67 | 48 | 17.21108681 | 0.56 | 76 140/90 4.6 90 26 401 56 6.483790524 | AID | Grade 3 MRD | 1+ | 19.20210579 Aa 08/01]24 23| 46 |7.6|3.7|3.9
g | 580713 |40 | m 1 Yes |yes |1.65 | 55 | 20.2020202 |0.67 | 75 | 120/19 | 59 [113 4 aa 305 a4 14.42622951 |AID |Grade 3 MRD | 2+ | 17.79169999 | 4 |03[0.2|33 |45 [ 53 |7.7|39(38
9 587468 |55 | M 2 Yes |yes [1.69 | 59 | 20.65754 0.66 | 89 | 160/100 [ 7.9 | 103 3.6 46 299 176 15.38461538 | FID | Grade 3 MRD | nil | 18.83415512 4 09]0.2]|32 |76 | 64 |6.8|4.1|2.7
10| 314926 |35 | ™ 3 Yes| no |1.79 | 78 | 2434380949 | 0.9 | 74 | 160/90 [13.9| 97 | 5 100|261 245 3831417625 | NIS | Grade 3 MRD | nil | 14.13043908 |ESRD| 1 |0.1]32 | 76 | 76 |6.1]4.3|1.8
11 592494 |30 | M 1 no |yes|1.56 | 56 | 23.01117686 | 0.98 | 80 170/80 8.9 |142 4.2 33 270 141 12.22222222 |FID |Grade 3 MRD | 3+ | 17.82902357 a 1 |01]|24 |65 | 66 [6.2]|4.4|1.8
12 | 572273 |65 | M 2 Yes|no |1.73 |63 | 21.0498179 | 0.7 65| 160/90 | 13 [100| 2 37 |=287 300 12.89198606 | FID | Grade 3 MRD | 2+ | 3587590196 | 3 |0.2]0.1]23 |49 [121]6.4]3.5]2.9
13| 492971 |60 | M 5 Yes|yes |[1.74 | 65 | 21.46915048 | 0.8 | 68 140/90 9.7 95 1.8 27 276 178 9.782608696 | FID | Grade 1 MRD | 2+ | 41.17785123 3 03]0.2]43 |48 128 7 a 3
[1a | 594095 [31 [ m a Yes|yes |1.67 | 71 | 25.4580659 | 0.9 | 76 | 160/90 | 9.9 | 86 5 as 306 13 14.70588235 |AID | Grade 2 MRD | 1+ | 14.48288379 |ESRD[0.9| 0 [38 (39| 79 [7.3]4.1]3.2
15 512755 80 | M 7 Yes| no |1.78 | 58 | 18.30576947 | 0.65 | 98 4.4 15 288 156 5.208333333 | FID | Grade 3 MRD | 1+ | 14.67924647 5 07]0.1|27 |39 | 48 |6.8(4.2|26
[16 | 555314 |50 | M 2 Yes|yes|1.66 | 55 | 19.95935549 | 0.65 | 68 | 29.29292929 de 3 MRD | 1+ | 13.45351191 5 0.6|0.2]|29 47 | 47 |6.9|3.8|3.1
17| 98151 |70 | M 8 Yes| no |1.81 |53 | 16.17777235 | 0.5 | 78 2 de 3 MRD | 1+ | 13.86279215 |ESRD| 0.5 0.1| 25 |45 | 56 | 6.6|4.3|2.3
18 | 624819 [30 | M 1 no |yes|1.82 |62 | 18.71754619 | 0.5 |93 3 MRD | 2+ | 16.46455508 | 4 |0.1|0.1[32 [s6 | 68 [69[39] 3
[19 | 625731 |70 | M 3 Yes| no | 1.7 | 67 23.183391 0.76 | 83 8 3 MRD | 1+ | 16.35194419 4 08| 0 |37 55| 88 |6.7|3.5|3.2
20| 620737 |60 | M |6 months |Yes |yes |1.72 [ 64 | 21.63331531 | 0.67 | 63 3 MRD | nil | 24.73020878 4 12| 0 |20(34 | 98 [7.1]/3.6|3.5
21 622859 521 M 2 no |yes|1.83 | 69 | 20.60378035 | 0.66 |93 | 1 2 MRD | nil | 31.94701262 3 03] 0|31 37122]|6.8(3.8| 3
22 | 615960 |40 | M |6 months | Yes| no [1.75 | 73 | 23.83673469 |0.76 | 99 | 130/80 29.60526316 | NIS | Grade 1 MRD | 2+ | 39.59187427 | 3 | 0.6|0.2|33 | 23 | 53 | 7.6|4.4|3.2
[23 | 626911 |78 | M 10 Yes |yes [1.69 | 64 | 22.40817899 | 0.8 | 84 | 150/100 | 8.8 83 49.66887417 | NIS | Grade 2 MRD | 2+ 21.6530821 4 08|0.1]34 33| 39 |6.7|4.5|2.2
24| 570505 | 46 | M 1.5 |Yes|no |1.66 |52 | 18.87066338 | 0.7 | 76 | 140/70 | 7.6 | 45 | 3.6 50 401 152 12.46882793 | FID | Grade 3 MRD | 3+ | 19.52989594 | 4 | 1 |0.1|24 |45 64 |7.7]4.1]3.6
25 362647 |47 | M 5 Yes|yes| 1.6 |48 18.75 0.75 | 94 100/60 [11.5| 95 1.9 121 356 77 33.98876404 | NIS | Grade 1 MRD | 2+ | 40.65325594 E) 03]/0.1|14 |64 | 68 |6.7(3.7| 3
26| 261253 |57 | M 3 Yes| no [1.76 | 72 | 23.24380165 | 0.7 | 69 | 120/60 |10.9 | 135 2.4 70 356 32 19.66292135 |AID | Grade 3 MRD | 1+ | 29.85427206 4 1 o 3 |65]121]6.2|39|2.3
[27 | 286460 |50 | M |2 months |Yes| no | 1.67 | 67 | 24.02380867 | 0.87 | 87 120/80 5.5 as 5 23 384 345 5.989583333 | FID | Grade 3 MRD | 2+ | 13.14348576 |ESRD| 1 0 |32]44 |128(6.3(4.4|19
28 470120 | 57 | M | 2 months | Yes | yes [ 1.65 | 64 | 23.50780533 | 0.85 | 78 110/80 7.8 94 2.9 33 276 155 11.95652174 | FID | Grade 2 MRD | 3+ | 23.99733253 a 0.2/01[32 |48 | 79 7 |3.6[3.4
29 | 411294 |64 | M no |yes [1.69 |56 | 19.60715661 | 0.7 |97 | 130/80 | 6.4 | 66 | 3.6 37 |254 76 14.56692913 | AID | Grade 3 MRD | 1+ | 18.26355153 | 4 |0.4]0.1]11 |39 | a8 [7.3]3.8]3.5
30| 450721 |21 [ M |3 months | no | no |1.79 [ 65 | 20.28650791 | 0.78 | 79 | 120/60 8.6 65 6 86 311 111 27.65273312 | NIS |Grade 2 MRD | 2+ | 12.70035309 |ESRD|0.9 |0.1[23 |29 | 47 |6.7 (39|28
31 526283 46 | M 4.5 no |yes |1.56 | 75 | 30.81854043 | 0.98 | 96 140/70 8.8 84 3.6 75 266 132 28.19548872 | NIS | Grade 3 MRD | 2+ | 19.52989594 Aa 08/01]43 39| 56 |6.8| 4 |2.8
32 558181 B4 | M 1.5 Yes| no [1.73 | 49 | 16.37208059 | 0.68 | 69 160/90 11 56 1.8 56 288 178 19.44444444 | FID | Grade 1 MRD | 1+ | 40.64188562 3 07| 0 |23 |47 | 68 |69(41 |28
[33 | 312525 |52 | M 1 Yes |yes [1.74 | 50 | 16.51473114 | 0.76 | 79 | 160/100 | 10.8 | 20 5 67 298 154 22.48322148 | NIS |Grade 3 MRD | 2+ | 13.03925538 |ESRD|0.5| O [28 |56 | 88 |6.9 43|26
|34 | 545578 |75 | m 7 Yes |yes |1.67 | 61 | 21.87242282 |0.85 | 98 | 120/90 | 12 | 40 | 0.9 70 |302 a8 23.17880795 | NIS | normal 2+ | 8757488235 | 2 |0.4| 0 |27 |44 | 98 | 6 |4.4]1.6
35 599333 67 | M 5 Yes| no |1.78 | 60 18.9370029 |0.75 | 85 | 150/100 [ 12 60 1.8 68 300 123 22.66666667 | NIS | Grade 3 MRD | 3+ | 40.26569495 3 1.2/0.1|25 |34 |122]7.1|3.5|3.6
36 | 5502257 | 60 | M | 3 months | Yes |ves | 1.66 | 76 | 27.58020032 | 0.99 | 84 [ 140/100| 13 [ 70 | s 88 | 266 145 33.08270677 | NIS | Grade 3 MRD | nil | 1266592074 |ESRD|0.3]0.2| 28 |37 [127]6.8] 4 |2.8
37| 461116 |51 | M |6 months | no [yes |1.81 65 | 19.8406642 | 0.7 |93 | 170/80 | 11 | 74 | 4.4 70 344 a3 20.34883721 |AID |Grade 3 MRD | 1+ | 15.17161176 | 4 |05 (02|37 |54 | 43 [e4a|as5|[19
38 | 582746 |60 | M 7 Yes| no [1.82 | 66 | 19.92512982 | 0.69 | 82 | 190/90 7 119 4.9 110 365 176 30.1369863 | NIS |Grade 3 MRD | 1+ | 1296468218 |ESRD|0.7 |0.2[20 (24 | 46 |7.4| 4 |3.4
39 10208 37| F |3 months |Yes |yes|1.56 | 58 | 23.8330046 0.9 |91 150/90 6 112 4.1 12 377 170 3.183023873 |FID |Grade 3 MRD | 2+ | 13.03524624 5 09]0.1|35 /26| 59 |6.5/3.9/26
[0 | 374730 |60 | F 2 Yes|yes[1.47 | 55 | 25.45235781 [0.87 | 70 | 180/110( 9 | 89 | 3.3 76 261 111 29.11877395 | NIS | Grade 3 MRD | 1+ | 15.18053123 | 4 [0.4|0.1[23 |34 | 39 [6.6[/5.1|1.5
|41 | 228740 |60 | F 3 Yes| no |1.83 [ 53 | 1582609215 |0.66 | 79 | 130/90 | 6.7 | 90 | 3.9 a4 [311 200 14.14790997 | FID | Grade 4 MRD | 2+ | 12.51882302 |ESRD|0.6| 0 |24 |23 | 64 |7.6(3.3]43
42 | 475094 | 60 | F Yes |yes [1.65 | 62 | 22.77318641 |0.78 | 70 | 120/60 7.7 94 2.8 66 278 132 23.74100719 | NIS | Grade 3 MRD | nil | 18.34981492 4 1 /02|34 |45 | 76 |7.7|3.1 /4.6
[43 | 533870 |40 F |2 months |[Yes| no | 1.69 [ 67 | 23.45856238 | 0.86 | 80 140/70 12 73 0.6 69 288 176 23.95833333 | NIS normal 3+ | 117.8723763 1 03] 0 23 /64]|66|6.7(35]|3.2
44 [ 512102 |40 | F 3 no |yes|1.66 |64 | 23.22543185 |0.88 | 88 | 160/100 | 9 57 2 65 267 165 24.34456929 | NIS |Grade 3 MRD | 3+ | 29.37717071 | 4 (06| 0 |33 [ 76 |103|6.8]| 4 [28
[45 | 399613 |60 | F 7 Yes| no | 1.6 | 69 26.953125 0.94 | 89 | 180/110 [ 8.8 25 3.4 56 301 189 18.60465116 | FID | Grade 3 MRD | 2+ | 14.66646284 5 1 /01(24 |44 | 79 |16.3|4.2/2.1
|46 | 428506 |40 ¢ 6 Yes |yes |1.49 | 69 | 31.0796811 |0.99 | 97 | 120/80 | 8.9 | 30 34 |312 56 10.8974359 |AID|Grade 3 MRD | 3+ | 17.71606183 | 4 |0.10.1]|43 |49 | 98 |6.4|3.8|2.6
47 | 606237 | 43 F 2 Yes| no |1.52 | 64 | 27.70083102 | 0.87 | 77 150/90 7.6 [0 2 4as 333 125 13.51351351 | FID | Grade 3 MRD | 4+ | 28.94903216 a 0.2/0.1|33 |48 | 48 7 |43|2.7
|48 | 623585 |64 | F 7 no |yes [1.55 |52 | 21.64412071 |0.68 | 76 | 1507100 | 4.8 | 89 | 2.8 12 321 58 3.738317757 | AID | Grade 3 MRD | 1+ | 1811097609 | 4 |0.3] 0 | 3 |37 [ a7 [7.2]3.9]3.3
49 | 513897 |60 | F 5 Yes| no [1.59 | 48 | 18.98659072 | 0.66 | 66 120/80 13 65 1.5 78 288 154 27.08333333 | NIS |Grade 1 MRD | 1+ | 37.70880271 3 04| 0 |32/39| 56 |7.3|44|29
50 | 526283 30 F |2 months |Yes |yes | 1.6 | 58 22.65625 0.72 |87 160/90 |10.1 | 47 5 a8 333 211 14.41441441 | FID normal nil | 10.81806933 |ESRD | 1.2 |0.1 |24 |47 | 88 [6.9]3.7|3.2
51 416554 | 24 F 2 no | no 1.6 |67 26.171875 0.92 |78 170/80 7 106 5.6 87 276 143 31.52173913 | NIS | Grade 4 MRD | 2+ | 9.931729782 5 01[0.1]11 |45 | 98 7 |38[32
11416 26 | F |6 months | Yes|yes | 1.59 | 64 | 25.31545429 | 0.89 | 98 140/70 7.8 |198 7.9 20 311 121 28.93890675 | NIS |Grade 4 MRD | 1+ | 6.569245726 5 05(0.2]|43 |44 |122|16.6| 4 | 2.6
612346 | 46 | F |6 months |Yes | no | 1.62 | 56 | 21.33821064 | 0.84 | 89 | 150/100 | 6.9 |108| 4.5 78 |312 121 25 NIS | Grade 4 MRD | nil | 11.20133225 | 5 |0.9|0.2| 38 |34 [127| 7 |a.2|28
511633 0| M™M 2 Yes |yes |1.63 | 59 | 22.20633069 | 0.88 21.37681159 | NIS | Grade 1 MRD | nil | 14.57960826 |ESRD | 0.4 |0.1[27 |37 | 46 7 |a4a|26
618421 |65 | M 5 no |yes|1.55 )66 | 27.47138398 | 0.98 ade 3 MRD | 2+ | 16.1218254 |ESRD|0.6(0.1|29 |54 | 59 7 |45[25
576832 (40| M 6 Yes|yes |1.63 | 49 | 18.44254582 | 0.7 3 MRD | 2+ | 29.24929705 4 1 |0.1]32 26| 39 7 a 3
538195 | 43 | M | 6 months | Yes| no | 1.59 | 50 | 19.77769867 | 0.7 '80.10033445 | NIS| 2 MRD | 3+ | 15.30423119 | 4 | 0.3|0.2|28 |44 | 64 | 6 |3.5]|2.5
628637 | 25| F |6 months | no | no [1.52 |61 | 26.40235457 | 0.9 Grade 3 MRD | 2+ [ 16.94261395 | 4 |09]0.1|35 (23| 76 [7.4] 4 [3.4
603881 |40 | M 2 Yes |yes | 1.56 | 60 | 24.65483235 | 0.98 9.157088 | Grade 3 MRD | 1+ | 18.87662752 |ESRD|0.1| 0 [20 |45 | 48 |6.6(3.5|3.1
610201 |63 | M 1 Yes| no |1.49 | 76 | 34.23269222 [1.12 0 11.658031 ade 3 MRD | 2+ | 12.54109155 |ESRD|0.4| 0 |35 |56 | 47 |6.9] 4 |2.9
583077 |65 | M 5 Yes |yes | 1.67 | 65 | 23.30668005 |0.87 [ 91 | 160/100 | 13 | 66 1.6 70 26.21722846 | NIS | Grade 3 MRD | 3+ | 46.41271601 3 |o8[o1|31]|44a[56| 6 (36|24
610676 |51 | M 2 Yes| no [1.66 |66 | 23.95122659 | 0.67 | 99 | 140/90 6.7 80 3.8 23 6.036745407 | FID | Grade 2 MRD | 1+ | 17.43763379 4 1202|253 55| 68 |6.7|4.1 2.6
594547 |78 | M 7 Yes |yes [1.72 |51 | 17.23904813 | 0.56 | 87 | 140/90 6 184 6.6 33 351 76 9.401709402 |AID | Grade 4 MRD | 2+ | 8.716937837 5 09| 0 |33(24[122]|7.4|3.9|35
611590 |38 | M 3 no |yes | 1.65 | 57 | 20.93663812 | 0.66 | 71 | 140/70 | 7.8 | 80 | a 37 |333 167 1111111111 | FID | Grade 3 MRD | 2+ | 17.97792461 |ESRD | 0.4| 0 |24 |44 [127]7.5]3.5] 4
614678 | 26 | M |2 months | no | no | 1.56 | 49 | 20.13477975 |0.86 | 72 | 130/80 | 13 | 20 | 1.4 70 | 280 as 25 NIS | Grade 3 MRD | 1+ | 65.21410105 | 2 | 1 |0.1]43 (33| 59 |6.7]|3.8[29
615314 |53 | M 3 Yes |yes [1.64 | 54 | 20.07733492 | 0.8 | 79 | 180/110 | 10.6 | 23 1.5 75 277 121 27.07581227 | NIS |Grade 3 MRD | 2+ | 52.11653581 3 06(02]| 3 |64 ]| 39 |6.7| 4 | 2.7
617939 | 32 | M | 2 months | no | yes | 1.78 | 67 | 21.14631981 | 0.81 | 88 | 140/100 [13.7 | 24 | 0.8 695|256 100 26.953125 | NIS| _normal nil | 1192618562 | 1 | 0.5]0.1 |44 |35 | 68 |6.9]4.2]2.7
293406 50| ™M 5 yes [yes |1.66 | 66 | 23.95122659 | 0.85 | 98 150/90 [13.9 | 16 0.9 67 267 102 25.09363296 | NIS normal nil | 95.08808215 1 01| 0 11 |44 (103 |6.3 (/45|18
620300 |70 M 5 yes | no |1.81 |57 | 17.3987363 0.7 |67 | 140/90 |12.5| 44 0.8 89 289 95 30.79584775 | NIS normal nil | 101.7400877 1 04| 0 |23 37| 56 |7.2|3.6|3.6
620354 |50 | M 2 ves | no | 1.82 [ 90 | 27.17063157 | 0.98 | 87 | 140/100 [14.2 | 32 | 0.6 68 | 300 99 22.66666667 | NIS | _normal nil | 1518222422 | 1 |08| 0 |28 29| 98 |6.7(3.7] 3

" 64.65917973
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	CKD-EPI CKD epidemiology collaboration
	Figure 5 – activation of vitamin D

	Congestive heart failure (CHF) is both a cause and consequence of CKD.  First, heart failure is a chronic inflammatory state, which leads to an influx of cytokines that depresses erythropoiesis and disturbs iron metabolism.  Second, CHF directly cause...

